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BUDGETS AND COSTS 

June operating costs totaled $2, 793, 000; total fiscal year 1961 costs were 
$26,200,000 or 9870 of the $26, 766, 000 budget. 

Hanford Laboratories research and development costs for  me, compared with 
last month and the control budget, a r e  as follows: 

c o s t  
0 (Dollars in Thousands) Current Last  

Month Month 

02 Program $ 44 $ 65 
04 Program 1263 706 
05 Program 60 60 

202 23 1 06 Program 
1 569 1062 

HLO Programs 

-- 

I 

IPD Sponsored 286 232 
161 CPD Sponsored 188 

Total $2 043 $1 455 

- 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

FY 
To Date 

$ 620 
9 960 
778 

2 306 
13 664 

3 105 
1992 

$18 761 

Budget 

$ 661 
9 937 
806 

2 402 
13 806 

3 170 
1994 

$18 970 

% 
Spent 

9470 
100% 
9 770 
96% 
99 

9 8% 

- 

100% 

99% 

- 
- 

The design cr i ter ia  for the PRTR Rupture Loop water plant have been 
revised to reduce pumping capacity and costs, and a revised project comple- 
tion date of June 1962 has been submitted. 
Crit ical  Facility equipment installation on June 27, 1961, after the building 
w a s  accepted with exceptions. 

The CPFF Contractor started 

PRTR Gas Loop construction is approximately 8970 complete versus 9770 
scheduled as of June 30, 1961. 

The PRTR outage which began May 18 continued, but startup preparations 
were in progress a t  month-end. 
and repair  of corrosion damage caused by contamination of the primary 
system D 2 0  with chloride and fluoride derived from freon. 
placements were made to PuAl fuel element bands, fuel element hanger 
components, metal-asbestos gaskets in the high temperature portions of the 
primary system and inlet jumper flow meter venturis. 
future corrosion, measures were taken to minimize oxygen content, including 
installation of a deoxygenating ion exchange unit in the primary cleanup 
system, installation of an inert gas shielded fuel charging funnel, incorpora- 
tion of hydrogen addition facilities at the helium bulk storage, and installation 
of an in-line analyzer to monitor primary system 0 2  concentration. 

Efforts were concentrated on identification 

Repairs o r  re- 

To guard against 

1 2 5 2 3 1 0  
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- .  

The initial PRTR operating experience was reviewed by the General Electric 
Technological Hazards Council on June 16. The Council expressed concern 
over the contamination of the primary coolant with chloride and fluoride. It 
was recommended by the Council that the process tube monitoring program 
be expanded to insure that the process tubes a re  performing a s  anticipated. 

A computer code has been written to calculate the xenon poison status of the 
PRTR for any operating history. The code has been successfully applied in 
accounting for the xenon effects observed to date in the PRTR. 

Mercury contamination was found in the process cell, in D20 cleanup equip- 
ment, and in primary system ion-exchange piping. None, however, was found 
in the reflector and moderator circuits which contain aluminum which is 
particularly sensitive to mercury. 
end. 

Extensive cleanup was completed by month- 

Analysis of water,  gas and resin samples from the last operating period in 
early May indicates the probability of a ruptured fuel element. Special tests 
have been devised to t ry  to confirm or disprove this when the reactor is next 
brought to low power operation. - 

Hydraulic res i s tors  were developed to attenuate the oscillations of PRTR flow 
monitors that were causing spurious reactor s c rams  during normal flow condi- 
tions. 

Experiments were performed with an electrically heated mockup of a PRTR 
19-rod bundle fuel element to investigate cooling by boiling capabilities 
following the loss of electrical  pumping power. 
remove two to four times as  much heat by natural convective boiling as  would 
be generated during the reactor shutdown conditions , poviding sufficient 
water was available to cover the fuel elements. 

It w a s  found possible to 

Twenty mesh arc-fused U 0 2  when swaged to 90% theoretical density released 
ten times as  much gas at 1000 C as  the starting material. The increased gas 
re lease is attributed to the greater  diffusion from smaller particles. 
sing tes ts  at 1000 C a r e  too low in temperature and give erroneous results 
on large particle sizes. 

Outgas- 

Techniques have been developed for blending U 0 2  and Pu@ fines which result  
in a maximum plutonium variatien between samples of plus o r  minus 1. 570. 
Variations in Pu content of Pu02-uOz fines/coarse UO2 mixtures a r e  larger. 
Techniques to correct  this variation are being tested. 

A Zircaloy-clad aluminum-plutonium seven-rod cluster was intentionally 
ruptured, thermal cycled, and water logged under simulated PRTR conditions 
in the ETR. 
to the element resulted. 

Nearly negligible re lease of activity occurred and no visible damage 

I 2 5 2 3  I 1  
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Melting experiments on UO2-PuO2 appear to indicate oxygen evolution is 
responsible for the lattice expansion which is observed. 

An irradiated capsule containing high-energy impact formed U02 was metal- 
lographically examined. 
radial  cracks in this fuel material. 

Spherical fused U02 single crystals were provided for several  European sites 
through Euratom. The crystals wi l l  be used for measuring diffusion rates  of 
fission gases in U02. 

There were surprisingly few circumferential o r  

Initial thermoconductivity measurements of single crystal  U02 were completed 
at BML 
a r e  nearly identical at room temperatures, but the conductivity of the single 
crystal  is 5070 greater than that of the polycrystalline material at 800 C. 

Thermoconductivity of the single crystals and polycrystalline material 

Zr-4 continues to demonstrate a significantly greater resistance to hydriding 
than does Zr-2. 
cladding of defected rods showing approximately 15 ppm hydrogen in Zr-4 
under the same conditions that Zr-2 picked up more than 500 ppm of hydrogen. 

Post-irradiation examination of both materials used a s  

KSE-3 (NPR type) single tube fuel elements exposed to 1200 MWDIT in KER 
loops were found to be in good condition with fuel swelling of 1. 370. Exami- 
nation of KSE-3 single tube eleme,,ts exposed to 2000 MWD/T is nearing 
completion with fuel swelling of 3.0% measured and indicating that the inside 
diameter is decreasing non-uniformly by buckling of the inner clad. A third 
group of KSE-3 single tube elements has been discharged at  3600 MWDIT. 
Measurements indicate fuel swelling of 4.4% and severe bumping on the inside 
bore of the two downstream elements indicates an advanced stage of inner 
clad buck ling. 

Two KER inner tube fuel components, one containing natural uranium and one 
U - 2 w/o Zr alloy, both irradiated to 3000 MWD/T, w e r e  defect tested in the 
IRP (ex-reactor) loop at  300 C. Comparison of activity release ra tes  for the 
two elements indicates an order  of magnitude slower release rate  fr.om the 
U - 2 w/o Z r  element. A seventh in-reactor rupture test has been carried 
out in the ETR. 

Further experimental development of the welding method used to attach supports 
to the outer NPR tube has shown-greater reproducibility and strength if the 
welded tabs on the supports a r e  flat rather than curved to conform to the fuel 
surface. 

Initial measurements of the diffusion rate  of water vapor through hot NFR 
core graphite indicate that sufficient water vapor migrates through to the 
Zircaldy process tube surface to maintain an adequate oxidation rate to 
inhibit rapid hydriding. Capsules for in-reactor testing have been prepared 

1 2 5 2 3 1 2  
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to obtain more precise informatioll on the protective qualities of various 
thicknesses of zirconium oxide films exposed to simulated NPR atmospheres 
in a radiation field. 

A capsule containing EGCR graphite was removed from the GETR after a 
maximum exposure of 40,000 EGCR, MWD/AT. 
in good condition. 
curreat  reactor cycle. 

The samples appear to be 
A flux monitoring capsule is being irradiated during the 

A review of experimental heat transfer knowledge gained in the past year 
indicates that outlet water temperature limits for individual fuel channels in 
the Hanford production reactors  probably could be increased, if desired. 

A computer code for calculating neutron and gamma attenuation in thick shields 
has been completed. 
mental bulk shielding data for ordinary concrete. 

An initial check shows good agreemept with experi- 

Two second generation creep capsules are now operating in the reactor at 
temperatures of 350 C and 460 C. 
specimen, 

Stress  has not yet been applied to either 

Recovery studies have been terminated for Fe, Ni, Cu, and Zr. Yield points 
Ni, Cu, and Z r  at exposures have been ytperved in electrolytic Ni, Type 

of 1.3 x 10 nvt for the nickels and 7.0 x 10 nvt for Cu and Zr. Develop- 
ment of yield point upon irradiation appears to be independent of purity for 
face centered cubic and close packed hexagonal materials. 

'X '  

2. Chemical Research and Development 

Operation of the High Leve! Radiochemistry Facility in behalf of the interim 
strontium-90 recovery program was concluded during the month. Somewhat 
over 72,000 cu* ts of highly purified strontium-90 were recovered during the 
Hot Cell operations compared to a commitment of 60, 000 curies. 

c 

Laboratory investigations indicated that pressure build-up in the Decalso- 
filled HAPO-1A strontium shipping cask could largely be obviated by removing 
the interstitial liquid from the ion exchange bed subsequent to the strontium-90 
loading operation. Elution of strontium-90 from the Decalso, however, must 
be carried out at elevated temperatures to afford the near quantitative recovery 
of product. - 

The second Hot Semiworks strontium recovery run resulted in the acquisition 
of 175 kilocuries of strontium-90. The recovered product met all specifica- 
tions except for cerium- 144, which w a s  about seven-fold high. 
of the product solution with either cerium hydroxide o r  fe r r ic  hydroxide 
shows promise of effecting the necessary decontamination from radiocerium. 

Scavenging 

1 2 5 2 3 1 3  
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Substitution of diethylenetriamine acetic acid (DTPA) for ethylenediamine 
tetracetic acid (EDTA) in the Hot Semiworks solvent feed was-shown in labora- 
tory studies to effect a substantial reduction of radiocerium extraction and 
thereby permit the reco-:ery of a purer strontium-90 product. 

Sufficient deco,itamination of the Hot Semiworks solvent to permit disposal, 
o r  possibly sustained re-use, is likely to be achieved through successive 
solvent washes with sodium acetate-DTPA, nitric acid and alkaline tar t ra te  
solutions. 

Eight samples of Columbia River water were taken from near 100-B reactor 
between February and June, 1961, to characterize the fluctuations in arsenic, 
zinc, lanthanum and uranium sal t  concentrations with season. While arsenic 
and uranium concentrations remained relatively constant, the zinc concentra- 
tion peaked at 28. 7 ppb in April; the lanthanum values varied erratically. 

X-ray diffraction studies indicate that electrolytically formed "co-deposits 'I 
of uranium and plutonium oxides out of sodium chloride-potassium chloride 
melts a r e  of the mixed crystal  type rather than a solid solution of -02  in 
u02. - 

Results obtained from the first well completed on Project CAH-921 in the 
vicinity of the separations areas  showed the presence of basalt at depths less 
than ten feet below the ground water table. The close proximity of the rela-  
tively impervious basalt to the ground w a t e r  
directions over a five mile area. 

The temperatures of water in Hanford wells 
probe. This temperature measuring device 
utility for Hanford hydrology studies. 

is now known to affect flow 

were m e b u r e d  with a thermistor 
shows promise of considerable 

Added calcium and/or iron salts were shown to improve the scavenging of 
radioisotopes from N P R  decontamination wastes. The addition of 200 ppm 
calcium effected a five-fold Bnd ten-fold improvement in radiocerium and 
radiostrontium removal, respectively; 200 ppm iron more than doubled the 
scavenging of cobalt. 
scavenging of radiozinc. 

Both calcium and iron were effective in improving the 

The removal of radioisotopes from Purex condensate waste by ion exchange 
is substantially improved by theg r io r  steam stripping of the waste to remove 
ammonia and organic materials. Over 8, 000 column volumes of corldellsate 
waste have been processed through the 271-CR ion exchange pilot plant with- 
out the process effluent exceeding 0. 1 MPC, for strontium, cerium, zirconium 
and niobium radioisotopes. Radiocesium remained at a concentration of less 
than 0, I MPC, for 5 ,600  column volumes, while radioruthenium was less 
than i ts  MPC, for only 800 column volumes. 

1 2 5 2 3 1 4  
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3. Physics and Instrument Research and Development 

The first experiment in the Critical Mass Laboratory began on June 29. A 
fourteen-inch diameter bare sphere was filled with plutonium nitrate solution 
containing 300 grams of plutonium per liter. 
conditions would not result in criticality. 
equipment w a s  good. 

It w a s  determined that these 
Performance of the experimental 

Our know.ledge of the critical mass limits applicable to molten plutonium in a 
crucible in the 235 Building was improved with the completion of experiments 
begun and reported in ear l ier  months in which sub-critical multiplication 
measurements were made in the hoods themselves using disks to mock up the 
mo It en metal. 

The limiting safe concentration of plutonium in dilute solutions was also deter- 
mined by the completion of the ser ies  of experiments in the PCTR designed 
to determine this basic nuclear safety parameter. 

In Air  Force supported programs in Atmospheric Physics, the first ser ies  of 
diffusion experiments a t  Cape Canaveral, Florida, was completed on June 16, 
some two weeks ahead of schedule. A total of 23 field trials were completed 
in meteorological conditions ranging from strong atmospheric stability to 
strong atmospheric instability. Start-up of similar diffusion experiments at 
Vandenberg Air Force Base, California, proceeded on schedule with the f i r s t  
field t r ia l  completed on June 12. 

In the NPR program, added confidence in the reactor physics calculations 
resulted from exponential pile experiments. Migration a rea  measurements in 
the mock-up and in the "condensed" lattices gave values of 647 cm2 and 297 cm , 
respectively. Their ratio, 2.17, is in good agreement with a calculated ratio 
of 2.19. Meanwhile, work continued to improve the methods used in analyzing 
data from such experiments. 
up and "condensed" lattices gave values which a r e  essentially the same. This 
is what one would expect, thus furnishing additional evidence of the soundness 
of the PCTR technique. 

2 

PCTR, measurements of k,, in N-Reactor mock- 

Continued Moratory and field testing of the developmental a r ea  radiation 
monitor for NPR indicates better performance than obtained from commercial 
monitors plus the added advantage of both linear and logarithmic responses. 

Reactor process channel distortions wi l l  be measurable to an accuracy of 
- + O m  005 inch per eight inch length with a new optical traversing device. A 
unit is to be fabricated for N P R  use based on the prototype design. 

I 

After minor changes in the self-shielding expression in the MELEAGER code, 
the Advanced Pressurized Water Reactor fuel cycle computations were com- 
pleted. Sensitivity of results to temperature, thermal utilization, slowing 
down power, and fuel density was determined by variation of these parameters 
independently and in a few combinations. 

1 2 5 2 3 1 5  
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The development of more efficient IBM-7090 programs wi l l  be aided by a 
new device developed for timing selected portions of programs. 

In the program for irradiation of plutonium samples off-site, pre-irradiation 
reactivity measurements were completed in the A R M F  (Advance Reactivity 
Measurements Facility) at A R C 0  preparatory to irradiation of samples in the 
MTR. 

An improved nuclear detector scaling system has been developed for use at 
the PRP Critical mcility. 

Computer calculations for the extended lifetime Neutron Flux Monitor program 
show that the sensitivity of Pu isotope detectors is nearly independent of mode 
of burnout, whereas this does not hold true for combination UdPu detectors. 
Further computations a r e  proceeding to refine the Pu  detector design for 
experimental testing. 

A method has been invented for stabilizing the temperature of eddy current 
nondestructive test coils. 

The microstructure, hence corrosion resistance, of X-8001 aluminum is not 
changed by plasma a r c  heating during "nondestructive" heat t ransfer  testing 
of fuel core-cladding bonds. 

- 

Hall Effect voltage measurements on hydrided Zircaloy have shown a sensi- 
tivity to hydride concentration; however, the relationship is cat single valued 
over the range from zero to 1000 ppm by weight of hydrogen, Measurements 
also w i l l  be made at higher hydrogen concentrations. 
resonance techniques and Young's Modulus measurements also are being 
explored in the search for a nondestructive measurement of Zircaloy 
hydriding. 

Nuclear magnetic 

A m rkable miniature dosimeter has been developed which uses an ionization 
chamber detector and indicates accumulated dose on a register. 

The whole body counter has been calibrated for measuring P-32 content of 
persons. 
known amounts of this material while undergoing treatment at the University 
of Oregon Medical School. 

This w a s  made possible through the availability of patients receiving 

- 

4. Biology 

Virulence continues to be associated with diploid columnaris. 
a r e  moderately virulent show survival curves characteristic of either haploid 
o r  diploid. 

Strains which 

Susceptibility to columnaris of fish exposed to reactor effluent treated by 
aluminum turnings did not increase, 
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That transpiration of water via evaporation from the surface of leaves does 
not control the differential ra te  of uptake into plants of strontium and calcium 
was shown by topping the plants and examining the liquid exuded by the top of 
the stem. As  with intact plants, strontium moved more readily early in the 
exposure, but later calcium moved more readily through the plant. 

Experimental evidence was obQained to clearly show that plutonium can be 
excreted into the bile duct in bile cannulated rats. This could explain the 
increased fecal excretion of plutonium when DTPA is administered because 
this chelating agent caused acceleration of plutonium excretion through the 
bile duct. 

Particle s ize  of pU23902 dusts definitely affects translocation of plutonium 
deposited in the lungs. This is further evidence for the need for revising 
the lung model used in radiation protection. 

5. Programming 

The IBM-7090 computer w a s  used for an over-all evaluation of five enrich- 
ment materials (three plutonium isotopic compositions, U-233, and U-235) 
in two alternative fertile materials (U-238 and thorium) of various densities 
and various lattice spacings. Preliminary analysis of data for about 10, 000 
cases includes the observation that the specific power limitation with thorium 
fuel (because of parasitic neutron capture in Pa-233) is less restrictive with 
plutonium enrichment than i t  is for either U-233 o r  U-235 enrichment. 

In plutonium recycle analysis, a new mode of operation for salt-cycle repro- 
cessing has been recognized which substantially reduces the fraction of new 
reactor fuel which is plutonium-bearing. This concept involves segregation 
of fuel from different zones in the reactor for separate re-processing. 

The hazards associated with accidental releases during shipments of kilocurie 
quantities of cesium and strontium fission products have been analyzed and 
a re  reported in HW-69561 REV. 

TECHNICAL AND OTHER SERVICES 

There were no cases of plutonium deposition confirmed during the month; thus, 
the total on record remains at 267, with 194 employees on the active rolls. 

There a r e  20 currently active projects having combined authorized funds in the 
amount of $19, 546, 300. 
Total expenditures through May 1961 were $15,180, 000. In addition, project 
proposals have been submitted to the Commission requesting authorization of 
$362, 000 total project funds on 4 new projects. 

- 

The total estimated cost of these projects is $24, 881, 300. 
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Project CGH-834, Modifications and Additions to High P res su re  Heat Transfer 
Apparatus - 188-D Building, w a s  completed during the month. 
authorized April 8, 1859 for  $700, 000 for  priority performance on a design and 
construct basis utilizing J. A. Jones Company. Beneficial use for steady state 
reactor  process tube heat t ransfer  experiments was achieved March 22, 1960. 
Final completion for operation on transient tests (coolant excursion) was delayed 
due to equipment delivery. 

This project w a s  

Estimated final cost is $745, 000 as authorized. 

The IBM Card-a-type equipment to be used in the mechanization of the Classified 
Files document issuance, routing and mailing procedures w a s  installed June 15 .  
On June 19, the operator began processing the f i rs t  HW documents through the 
system. 
even larger volume of documents than originally planned. 

There is every indication that the machines will be able to handle an 

A t r ip  to the uranium feed sites to discuss the data processing,and statistical 
aspects of fuel element performance has resulted in the incorporation of pertinent 
feed site data into the Quality Certification Program. 

An exhaustive l i terature search on numerical methods for obtaining solutions to the 
unsteady state nonlinear diffusion equation has resulted in a scheme incorporating 
the best characterist ics of several  methods which has considerable promise. 
computer program is now being written. 

A 

Complete specifications for the cam necessary to control the Gorton lathe during 
a specific machining operation w e r e  calculated and submitted for fabrication. 

The final report  for the Safeguards Design Review Project w a s  completed and wi l l  
be distributed in early July. 

SUPPORTING FUNCTIONS 

HOO-AEC has extended the  C P F F  Construction Service Contractor (J. A .  Jones 
Construction Company) contract for two years.  
June 30, 1963. 

The new expiration date is 

During F Y  1961, 189 items valued at $77, 000 were placed by the Laboratory 
Equipment Pool in lieu of purchase. Total operating costs w e r e  $10,986. 
inception of this program, equipment valued at  $90, 000 has been placed in lieu 
of purchase whereas total expenses, including the cost of the 3718 Building, 

Since 

amount to $54, 000. - 

Total Heavy W a t e r  expenditures for PRTR in F Y  1961 were $152,000. 

Advanced Degree - Fourteen Ph. D. applicants visited HAP0 for professional 
employment interviews. 
rejected. 
ten. 

Four offers were extended; five outstanding offers were 
Current open offers total No acceptances occurred during the month. 

I 2 5 2 3  I S  
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BS/MS - One hundred and sixteen candidates were considered, eleven visited 
HAP0 for interviews; twenty-two offers  were extended and seven acceptances 
received. 

Technical Graduate Program - Two Technical Graduates were placed on permanent 
assignment. 
terminated. 

Sixty-one people have been hired for  the various summer programs as follows: 

former employees for specific assignments, 19. 

Forty-three new members were added to the program rol ls  and one 
Current program members total eighty-one. 

9 College juniors, 13; Graduates, 10; Professors,  14; High School Teachers, 5; 

A complete review of job hazard breakdowns is underway throughout the Laboratories 
as  a step toward improvement of safety performance. 
five job hazard breakdowns for Reactor and Fuels Research and Development 
Operation were reviewed during the month. 

Two hundred and twenty- 

The incidence of security violations and medical treatment injuries remained 
relatively stable with three security violations and 34 medical treatment injuries 
occurring, : - 

for Manager u 
Hanfo r d La bo r ator ies 

HM Parker:IHD:mlk 
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REACTOR AND FUELS RESEARCH AETD DEVELOPMENT OPERATIOII 

TECHNICAL ACTIVITIES 

Corrosion Studies 

Gaseous m r i d i n g  of Wrcaloy-2. 
that a continuously growing W film w i l l  strongly inhibit  gaseous 
hydrogen pickup by Zircaloy-2. 
normal rate,  there must be a constant supply or water t o  the metal sur- 
face which is in excess of a certain minimum requirement. An oxidation 
rate of about 0.5 mg/&/hour is required t o  inh ib i t  the reaction of 
Zircaloy-2 w i t h  molecular hydrogen a t  400 C. The required oxidation 
rate i s  less a t  lower temperatures. 

It has been found i n  previous studies 

In order t o  maintain film growth a t  a 

A series of experiments has been started t o  waswe the ra te  of transport 
of water through IVR core graphite as a function of temperature, graphite 
structure and water, hydrogen and carbon monoxide content i n  the helium. 
The first runs have s h m  that water sufficient t o  maintain 23Q fi lm 
growth (0.5 mg/d&/hour) diffuses through a 1.13" thick graphite diaphram 
held a t  650 C when the water content of the in le t  helium gas is above 
0.1 mu (dewpoint -39 C ) .  This result  is encouraging because it indicates 
that the graphite i s  relatively permeable t o  water vapor and local de- 
pletion of water i n  a tube channel may not be a serious problem if the 
minimum water content of the bulk gas is correctly regulated. 

In-Reactor HydridLng Corrosion Capsules. 
Zircaloy-2 and Zircaloy-4 samples w i t h  various surface preparations t o  

Two capsules fo r  exposing 

proposed IQPR atmosphere are in the f ina l  stages of assembly. 
w i l l  be charged into the reactor and the other w i l l  be placed outside. 
The capsules w i l l  be the same, except f o r  irradiation. 
have three temperature zones - 325, 375 and 425 C - and each zone w i l l  
contain an identical set of samples. 
Zircaloy-2 and Zircaloy-4 w i t h  the following surface preparations : 
etched, etched and autoclaved for 72 hours a t  400 C i n  1500 ps i  steam, 
and etched and autoclaved fo r  1300 hours i n  1500 ps i  steam a t  400 C. 

One capsule 

Each capsule w i l l  

Each zone contains two samples of 

The capsule is scheduled for the 2A t e s t  hole a t  KE, which is  a side-to- 
side dry hole. 
scheduled f o r  the middle of July. 

Charging w i l l  take place during the next reactor shutdown, 

Radiometallurgy Laboratory Studies 

Replicas of samples from two swelling capsules containing thermocouples 
were obtained fo r  electron microscopy of the Zr-2 cladding fractures 
(RM-559). 
was performed along with a study of the internal annulus of a KER single 

k ta l lography of two M a i l e d  KER single tubes from K-3-12 
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tube irradiated t o  2000 WD/T. 
(m-1) from KER-4 was visually examined. 

No fai lure  was detected when the suspect 

Basic Metallurgy Studies 

Radiation Effects in Structural Materials. Two additional X-basket 
assemblies (GEE-14-229 and 230) containing zirconium and Zircaloy 2 have 
been irradiated in the KCR and are being shipped t o  Radi-tall&gy. 
Tbls completes the irradiation phase of the program. 

Electron and Optical Microscopy. 
metals due t o  fission fragment and neutron bonbardment have been studied 
by electron microscope techniques. 
and less than 0.0005" thick, in the annealed state, have been thinued and 
examhed after neutron doses of 2 x 1g0 nvt (thermal). 
the thicker foils contain a greater number of prismatic dislocation loops 
than the thinner specimens. 
formation of vacancy clusters. 
the f o i l  has apparently taken place resulting in fewer clusters. 

l4lcrostructural changes or damage in 

High purity, aluminum fo i l s ,  0.003" 

For a given dose, 

TWse loops are thought t o  result fromthe 
Diffusion of vacancies t o  the surface of 

Since f iss ion f-nt damage has been observed in thin evaporated films, 
aa well aa thin fo i l s ,  an experiment t o  evaluate fission fragment damage 
ln  a solid material is in progress. 
wires ycre electrolytically thinned t o  a diameter of O.OO3". 
dioxide was then evaporated an one-half of the circumference and the wires 
placed in  special holders and irradiated i n  the Quickie f ac i l i t y .  Follow- 
ing irradiation, the wires will be embedded in epoxy resin and sectioned 
on the ultra microtome. 
made from the w i r e  should disclose if Pisslon fragment damage t o  the 
massive aluminum has occurred. 

High purity, annealed, aluminum 
Uranium 

Electran microscope examination of thin sections 

In order t o  determine w h a t  interaction occurs between a moving dislocation 
and a f iss ion fragment track in pre-thinned aluminum fo i l s ,  additional 
foils of aluminum are being prepared fo r  irradiation. 
denum f o i l s  for similar studies is also being investigated. 

The use of molyb- 

X-Ray Diffraction Studies. 
with various fabrication and heat t rea tmnt  histories is  being determined 

Orientation of extruded uranium tubes and rods 

by several x-ray methods. 
a 110 fiber texture. 
the outside surface of the rod. 
tribution of poles w i t h  respect t o  the tube surface and extrusion axis. 
It is very d i f f i cu l t  with conventional techniques t o  determine preferred 
orientation of rods and tubes a f t e r  beta heat treatment. This is due to  
two factors which act  together t o  reduce the accuracy of a given determlna- 
tion. The f i r s t  i s  tha t  the structure tends tuward randomization. The 
second is that the grain size increases. Large grain size is a recognized 
problem. Randomization provides another since with a given grain size, 
the more random the structwre becomes, the less  chance there is of finding 
a representative number of grains oriented w i t h  diffracting planes paral le l  
t o  the surface. 
meaningful inverse pole figure o r  pole figure data of beta heat treated 

Pole figures of 620 C alpha extruded rods show 
The corrugated 001 planes are oriented paral le l  t o  

The tubes exhib i t  a very similar dis- 

Studies here show that in  order t o  obtain reproducible, 
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uran ium at least 10 to 20 square inches of surface area must be examined. 
This is necessary in order to obtain a statistically valid sampling. 
These facts have apparently been recognized at other sites. 
DP-150 Pwrntions that in his x-ray work with beta heat treated uranium, 
15 square inches of surface area was required in order to reproduce a 
G.I. value. If crude data on beta heated stock are required, a G.I. value 
from a single x-ray scan of a typical specimen would indicate whether the 
stock had been beta. heat treated, but it certainly would not show subtle 
differences in texture caused by two different heat treatment procedures. 

Sturkin Fn 

Wrconium Alloy Fabrication. 
product from 13 zirconium base alloys has been completed (November 1960, 
February and March 1961 monthly reports). 

The fabrication of hot and cold rolled sheet 

Three of the 34 separate alloy additions missed the intended composition. 
The other 31 additions fell within seventy to one hundred percent of the 
intended composition. Alloy5ng elements consisted of Cr, Fe, Cu, Nb, Mo, 
Sn, Hi, and V. Oxygen values on the finished sheet range from 600 ppmto 
1000 ppm on material melted from quartered primary ingots. 
ingots  gave oxygen values as high as 1800 ppm. 
zirconium w a s  855 ppm oxygen. 
with 17 ppm in the original starting zirconium. 

Forged primary 

Nitrogen values ranged from 6 ppm to 40 pprn 
Supplier's analysis of 

ktallic Fuel Development 

Fuel Irradiations. 
fuel elements exposed to 1200 WD/T in KER has been completed. 
exposure, fuel perfonnance was very good. 
1 . 3  percent. The Be-Zr eutectic braze-bonded end closure shared no 
indications of shortcomings, no excessive hydrogen was detected in the 
Zr-2 clad, and no adverse perfonnance was noted in the uranium, clad, or 
coextruded bond in the braze heat-affected zone. 

Radiometallurgical examination of B E - 3  single tube 
At this 

Fuel swelling amounted to 

Examination of KSE-3 single tube fuel elements exposed to 2000 WD/T in 
is nearing completion. Some white areas on the Be-Zr braze-weld 

closures were seen at discharge, but no indications were found that corro- 
sion of any serious consequence has occurred. 
closure or heat-affected zones have been noted. Fuel swelling of 3.0 per- 
cent was determined by volume displacement measurements made in the basin 
after discharge. Outside diameter measurements have increased an average 
of 0.012 inch. Current observations indicate the inside diameter is de- 
creasing nonuniformly by buckling of the inner clad. 

No inadequacies of the 

Athird group of KSE-3 single tube elements have been discharged from ICEX 
after attaining an exposure of 3600 m / T .  
ments made in K Basin reveal an average fuel swelling of 4.4 percent. 
were no indications of corrosion of the braze-weld closures such as was 
observed on the 2000 exposure tubes; however, the 3600 W / T  exposure 
tubes were operated at somewhat reduced temperatures. 
the inside bore of the two downstream elements was noted, and it is be- 
lieved that this is the advanced stage of inner clad buckling observed on 
the 2000 MWD/T exposure pieces. These elements w i l l  be shipped to Radio- 
metallurgy in July for detailed examination. 

Volume displacement measure- 
There 

Severe bumping in 
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Two XER inner tube fuel conrponents irradiated under identical conditions 
t o  about 3200 MWD/T were defect-tested in  the IRP loup at 300 C, 1650 psi. 
One tube was natural uranium and the other w a s  U - 2 w/o Zr alloy. 
U fuel tube nrptured a f t e r  only 7-1/2 minutes a t  temperature. 
minutes after rupture, loop f i l t e r  act ivi ty  reached 20 R and fast cooling 
of the t e s t  f a c i l i t y  was started. 
next four minutes, the loop f i l ter  ac t iv i ty  reached 40 R. 
element waa severely damaged and was-broken into three major pieces during 
this brief failure t e s t .  

The 
Four 

h spite of cooling t o  200 C in the 
The tubular 

The U-Zr alloy fuel tube ruptured a f t e r  10-1/2 hours a t  temperature. 
!Bmnty-one R act ivi ty  in  the loag f i l t e r  was accumulated a f t e r  88 minutes, 
and the loup was fast cooled with the addition of only tu0 R activity.  
Comparison of the act ivi ty  releaae rates for the two t e s t s  Indicates a 
mmke!d improvemsnt in failure performance resulted fram the 2 w/o Z r  addi- 
ti= t o  the fuel core. 

An lPF4 i.Mer tube elemant that .was discbarged from gER because of neutron 
act ivi ty  after attaining only 250 MWD/T exposure was subjected t o  non- 
destructive examinatian at Radiamctallurgy. 
M c a t e  that the element had fa i led or was even in a stage of incipient 
failure. 
indications of failure w i l l  be rapidly cooled and examined a t  Radiometal- 
lurgy. 
occur; it is important t o  determine the source of neutron act ivi ty ,  if 
failure does not occur. 

Nothing was observed t o  

plis element will be tested in the R?P f a c i l i t y  and upon positive 

It is important t o  determine the cause of failure, if fai lure  does 

Tvo irradiated, defected, NPR fuel elements which had been sent t o  the ETR 
w e r e  returned t o  Henford. 
reactor" as part of the current in-reactor rupture test program. 
the two pieces had failed in handling; the other w88 cleaned, returned t o  
the ETR, and ruptured in-reactor. 
duction period was approximately ten minutes and act ivi ty  tenruinated the 
test a f t e r  an additional four minutes. 

These Are1 elements were t o  be ruptured "in- 
b e  of 

Behavior vas 88 anticipated; the in- 

An old geometry mpR inner tube ( B N - 1 )  fa i led in a ICES loop a f t e r  a.n average 
exposure of 1700 MJD/T. 
mately 2000 WD/T (0.26 a/o burnup) as determined by radiochemistry. Two 
additional elements irradiated in the  same charge w e r e  examined in Radio- 
metallurgy. The OD of all tubes increased and the ID of all tubes decreased. 
A table of averaged diameter increases is given below: 

The exposure of the fai led element was approxi- 

Elenrent m I D  

Failed uranium element 4.017~~ -0 005 " 
U r a n i u m  element + o e  010 -0.004 
U-2 w/o ~r element 4.021 -0.004 

The diameter increase of the U - 2 w/o Z r  tube was about twice as great as 
the uranium core e l e E n t  f o r  approximately the same exposure. 
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A l l  of the elemsnts examined had incipient failures a t  the base of the 
flush-fitted and welded end caps. 

Measuremsnts were made a t  the ETR on a I(ER tube-tube fuel element exposed 
t o  1700 WD/T at  high specific power (350 kw/ft). 
2 w/o Zr, 36 inches long, and extruded by NMI. 
be i n  excellent condition when removed from the experimental basket. 
Optical measurements showed both components had warped i n  the sane plane 
t o  the extent of 0.250 inch. The CXD of the outer tube increased an 
average 0.011 inch and the OD of the inner tube increased an average 
0.012 inch. 
reactor flux and coolant temperature and varied over the length of the 
tubes from a minimum of 0.006 inch t o  a maxirmlm of 0.019 inch. 

The element was U - 
The element appeared t o  

The measured diameter increases w e r e  proportional t o  the 

Ten l5-inch lang elements of NPR inner tube stock, processed with variable 
beta heat treatment, w e r e  irradiated i n  KER Loop 1 t o  an average charge 
exposure of 1050 MWD/T. 
54 ku/ft, respectively, and the weighted average tube outlet temperature 
was 286 C. The elements operated without any unusual incidents and were 
subjected t o  a to t a l  of 24 shutdams during irradiation. The elements 
have been visually examined i n  Radiometallurgy and are waiting measurement. 
Seven of the ten elelnents exhibited some degree of crud deposit on the 
heat transfer surfaces. This was primarily on the upstream end of in- 
dividual elemnts,  but those having crud w e r e  dispersed throughout the 
charge. One element had lo s t  two supports and approximately seventy-five 
percent of the supports w e r e  s l ight ly  buckled. 
evident, but most of the elements appeared t o  have increased i n  diameter. 
Warp and dimensional measurements w i l l  be made on a l l  the elements. 
cladding defects have been observed. 

Radiometallurgical examination of the coextruded tubular component, closed 
with an Fe-Be-Zr braze which fai led i n  the m, has revealed the following 
facts  : 

The average and maximum elemnt power was 48 and 

No appreciable warp w a s  

No 

1. 

2 .  

3- 

It appears probable that the element fa i led through shearing of 
the clad on the inner bore, not through a cladding defect as 
previously reported. This failure w a s  in i t ia ted by cracking of 
the braze layer between the uranium and the Zircaloy cap. 
peated thermal cycling due t o  reactor startup and shutdown caused 
the jacket t o  be subjected t o  repeated shear forces which caused 
eventual fa i lure  during the f i f t h  cycle of startup. 

Re- 

The coextruded bond w a s  completely separated fo r  1800 in the heat- 
affected zone above the rupture b l i s te r .  Bond separation appeared 
t o  progress by cracking both through the Zircaloy jacket and along 
the bond. 

Several cracks were observed i n  the inner weld above the rupture 
b l i s te r .  These cracks were superficial i n  nature and did not 
extend into the braze zone. 
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4. 

5. 

The 

Uranium cracking i n  the heat affected zone was quite evident. 
particular interest  were the cracks which extended 450 from the 
end cap t o  the outer jacket. 
below the juncture of the 450 crack and jacket. 

Of 

Bond separation appears t o  s t a r t  

Swelling waa quite evident in these elements. 
region just below the end cap had expanded t o  a width exceeding 
that of the end cap. 
sgprwhat . 

The necked-in 

The length of the elements had decreased 

sequel t o  the above test, m-4-63, 64, has been scheduled for five 
irr8ditkiOn cycles starting July 5) 1961. 
vith the Zr-2 + 5 Be a l loy .  

This t e s t  has end caps brazed 

The two tube-tube KER elements, GEE-10-39, 40, 41, 42, whfch w e r e  irradi- 
ated in the -3XB 6x9 r o r  one cycle, have arrived In Radiomtallurgy. 
elements, also brazed with the Zr-2 + 12 Fe and 4 Be alloy, ran at a 
specific pawer of 317 kv/ft, minimum claa temperature of 380 C and core 
temperature of 627 C. 
burnup an 6.8 x 1019 flssinn/cm3) and the inner tube accumulated 
825 m / T  (0.09 a/o burnup on 4.0 x 1019 fission/cm3). 
be concentrated OR the heat affected braze region W i t h  particular emphasis 
on the cape-to-core braze zone. 

Another MPR irradiation is being prepared, GEH-4-68, 69, 70, which w i l l  
provide a ComparuLive irradiation on fuel elements with variable braze 
widths. 
t o  0.10 inch. bbst of the irradiations t o  date have used braze widths 
from 0.015 t o  0.030 inch. 

These 

outer tube accumulated 1200 EWD/T (0.14 a/o 

Examination w i l l  

The presently accepted IVPR fuel  wil l  use a braze width of 0.070 

Fuel Deformation Studies. 
clad fuel rods is planned fo r  the Hanford reactors. 
c o n t a w  three Zr fuel  rods clad with Zr-2 have been f i l l e d  with NaK 
end sealed. 
Four capsules each containing a single Zr-2 clad uranium rod and a t h e m -  
c o q l e  t o  measure the central uranium temperature are i n  the f ina l  stages 
of assembly prior  t o  f i l l i n g  with N U .  

A series of NaK capsule irradiations of Zr-2 
Twelve capsules each 

Eignl; more capsules have been assembled fo r  NaK f i l l i ng .  

Heat Treatment Studies. Post-heat-treatment measurements have been com- 
pleted on the two IVPR inner tube extrusions for  warp studies. 
sion was Zr-clad and the other bare uranium. 
post-heat-treatment w s r p s  were greater for  the bare uranium extrusion 
than for  the Zr-clad extrusion and the amount of increase i n  warp upon 
heat treatment w a s  a l s o  greater for  the bare tube extrusion, indicating 
that the Zircuoy ciwi aoes G o t  contribute t o  the w a r p  and may be effec- 
t ive in restraining the warp t o  a certain extent. Shift was measured on 
the Zr-clad tube and w a l l  thiclmess measurements were made on both tubes. 
Attempts were made t o  correlate the plane of the sh i f t  and the planes of 
the ~~ and minimum w a l l  thicknesses with the plane of warp before 
heat treatment, the plane of warp a f t e r  heat treatment, and the vector 
direction of the change in w a r p  upon heat treatment. 
twelve Zr-clad fuel  elements shared a correlation between the lead sh i f t  

One extru- 
Both pre-heat-treatment and 

Ten out of the 
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and the pre-heat-treatment w a r p  while eight of the twelve showed a cor- 
re la t ion between the lead sh i f t  and the post-heat-treatinent warp. 
were the best correlations found. No other significant correlations were 
found. 
other measurements also shared only random correlation. 
sections of the tubes are being studied by x-ray diffraction t o  determine 
i f  an appreciable difference i n  preferred orientation can be detected 
between one side of the tube and the other, since t h i s  might contribute 
t o  the w a r p .  
t o  determine if  the plane of w a r p  or  raagnitude of w a r p  w i l l  change. 
f i cu l ty  has been encountered i n  obtaining reproducible x-ray resul ts  on 
beta-treated uranium due t o  the large grain size of beta-treated material. 
RScently, excellent x-ray resul ts  were obtained on a section of uranium 
rod which had been beta-treated and then alpha-recrystallized; before re- 
crystall ization, the beta-treated rod had given the normal non-reproducible 
x-ray results.  
uranium I s  unaffected by recrystall ization. 
as a possible means of obtaining be t te r  x-ray iriformation from beta- 
treated material * 

These 

Shift could not be measured on the bare tube extrusion, and a l l  
As-extruded 

The Zr-clad tubes are being beta-heat-treated a second t i m e  
D i f -  

Available l i t e ra ture  indicates tha t  the major texture of 
This method is  being studied 

F'uel Geometry Development. The operating s t ress  pattern i n  the OD clad 
of a fue l  element with the outside cross section approximating a six- 
pointed curtate hypocycloid shape may be more desirable than a circular 
shape. Three Zr-2 clad coextrusions of NPR inner weight w i t h  t h i s  shape 
have been fabricated f o r  evaluation. 
due t o  improper die design. The die was modified and provided good over- 
all bonding In the second and third extrusion. 
points of the cross section i s  SO$ thicker than tha t  In the valleys. 
Elements from t h i s  stock are  being made up fo r  i r radiat ion tes t ing.  

The first was unbonded in the points 

The clad on the radiused 

Fuel Straightening. 
on the three-roll  straightener i n  306 Bldg. 
gmup of six extrusions of N inner tubes that were extruded by Fuels 
Fabrication Development. 
elements, end caps beam welded i n  place, and the elements were beta heat- 
treated.  The elements were randomly segregated into three groups of 
eight elements each. Group A, following beta heat-treatment and w a r p  
measurement, w a s  annealed four hours a t  600 C, straightened, and auto- 
claved. In the straightening step, the elements were heated t o  575 C 
i n  an argon atmosphere and quenched in  the straightener. 
cycle w a s  72 hours i n  400 C steam. 
each step in the process. 
th row warp. 
Average s t ress  relieved warp w a s  0.053 inch. Average w a r p  following 
straightening w a s  0.006 inch, and average warp following the autoclave 
cycle w a s  0.012 inch. Group B, following beta heat-treatment and warp 
measurement, was straightened, w i l l  be s t ress  relieved f o r  four hours at  
600 C, and autoclaved. This group is i n  process. 
heat-treatment w a s  straighteced and autoclaved. Warp measurements indicate 
average double throw warp a f t e r  heat treatment t o  be 0.053 inch" Average 
warp a f t e r  straightening w a s  0.010 inch, and following autoclaving the 
average warp increased t o  0.015 inch. 
mine i f  t h i s  method can be used t o  sa t i s fac tor i ly  straighten warped pro- 
duction fuel .  

Fuel straightening experiments are being carried out 
Tests are i n  progress on a 

The six extrusions were cut iEto 24-inch long 

The autoclave 

All warp measwements are  recorded as double 
Warp measurements were taken between 

The average beta heat-treated warp f o r  group A was 0.056 inch. 

Group C, following beta 

Further t e s t s  are planned t o  deter- 

?lb 
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Closure and Joining . 
use wlth the &tal. Inert Gas welding process, which is being investigated 
as a rrrethod of xmklng the f ina l  closure on the NPR fuel  elements. 
design shows very promising results. This design requires a groove i n  the 
step Fnnaediately over the braze, thus actually cutting out a r ing of braze 
ten thousandths of an inch deep. 
groove. This forms a pocket from which the braze cannot escape t o  contam- 
inate the weld f i l l e r  metal. 
another advantage of this groove is that it allows a higher welding voltage 
t o  be used mking it easier t o  obtain the desired weld profile. 

A t t q t s  have been made t o  improve the strength of the projection welded 
resistance brazed closure by machining the face of the closure cap which 
cmtacts  the uranium into a 600 wedge. 
that the projection welds and the braze interface are not in the same 
transverse plane as is the case with th i s  closure using a f la t  faced cap. 
This modification was t r i ed  on Zircaloy-2 clad KER inner tubes with en- 

Several new end cap step designs have been t r ied  f o r  

One step 

The zirc  w a l l  is the* bent over the 

Besides keeping the braze frmnthe weld, 

This wedge shape has the advantage 

couraging results. 

Approximately 0.025 inch of uranium was acid milled from the end of the 
element t o  provide uranium-free cladding projections and a V-groove is 
machined in the uranium t o  match the wedge on the closure cap. The cap 
wedge was copper irmpersion plated t o  aid in bonding the Zircaloy-2 cap t o  
the uranium. 

Approximately s ixty t o  seventy percent of the cap area was bonded t o  the 
uraniumwith Indications that a complete bond may be possible using a 
greater force on the cap during the brazing cycle. The wedge shaped cap 
appeara t o  bond t o  the uranium more readily than a f l a t  cap under the same 
conditions. 

The welds which are used t o  attach supports t o  NPR outer fuel tubes u t  be 
of Ugh quality, muet be reproducible, must not produce a heat-affected 
zone In the Uranium, and must not damage the Zr-U bond. 
welds was made on an mpR outer tube. 
averaged 0.027". Supports were formed from 0.040" stock. 
axamined metallographically, the others were shear tested. 
strengths f a l l  between lOOO-i3OO pounds. 
of the bond and no heat-affected zone in the uranium at 20Ox. m e  heat- 
affected zone extended from the weld into the Wrcaloy cladding 0.020". 

A group of 50 
Cladding on the samples welded 

Nine welds were 

There was no visible disturbance 
All shear 

Weld tabs on the supports were formed f la t .  
of a radius the same as the fuel  element were not as consistent. The welds 
were made with a 100 KVA resistance welder operating single phase. 

Earlier attenpts using tabs 

Zircaloy Lubrication. 
primarily ror  the cold slziag or  Zlrcaloy-2 tubes, r e s  and coextruded 
materials. 
Wells Co. ) belt  dressing in toluene. 
the free sinking of Zr-2 thin-walled tubicg i n  a d r a w  bench it i s  only 

A new lubricant has been developed. It is t o  be used 

The lubricant consists of a solution of "Bull Dog" (Marshall 
For deep drawing of 2 - 2  sheet or 

necessary t o  
he avy-wall ed 

paint on the solution ar;d l e t  it dry before using. 
tubing or coextrusions are t o  be resized, it is  best t o  add a 

Where 
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I .  

s m a l l  quantity of MoS2. 
lubricants to cling to a smooth clean Zr-2 surface. 
causes adherence and in addition acts as a good lubricant. 

It is extremely difficult to get the MoS2 type 
The belt dressing 

Swaginu Studies. 
profilometer readings, on the tubes that have been swaged to 754 of their 
origlnal diameter in one pass, are being plotted as a function of the 
feed rate and a lso  of the die throw; 
the feed rate has little or no effect over a wide range. The surface 
finish as a function of the die throw is still under test. 

The Zr-2 free sink tests are near completion. The 

The present indications are that 

2. REACTORPROGRAM 

Coolant Systems Development 

Decontamination. It is desirable to reduce the quantity of rinse water 
required for complete removal of the alkaline permanganate used in most 
decontamination procedures. 
suggested as a rinse to reduce the manganese compounds to the soluble 
manganous compounds which could be easily removed. 
with the rinsing compound were unsatisfactory, probably because of a large 
holdup of alkaline permanganate in the l o w  spots of the system. Addi- 
tional tests are warranted since the principle is sound. 
experiment sufficient acid will be added first to bring the pH dawn to 
the desired value. 

The use of a reducing acid solution has been 

The first loop tests 

In the next 

Two new commercial bisulfate compounds have been tested in the laboratory 
and in ELMO-10. 
in the -10, giving decontamination factors of 150-300 with low corro- 
sion rates for carbon steel. Further evaluation is in progress. 

Both compounds were quite effective in the laboratory and 

Corrosion of Materials at pH 9. 
rates at pH 9 has been started. 
1051 C/S , normalized A212 c/s, sensitized and nansensitized 304 s/s, and 
Zr-2 were charged. 
zxchange bed. Samples of 406 s/s, 420 s/s, Hastelloy-C, Monel, apd 
Zircaloy-2 which were being exposed during the pH 10 test are continuing 
their exposure in the pH 9 test. 

A test to determine uniform corrosion 
Prior to startup, samples of 1031 c/s, 

Control of pH is by flow through a LiOH regenerated ion 

Autoradiography of KER Pipe Sections. During autoradiography of portions 
of pipe removed fromthe KER Loop 2, cracks in the primary heat exchanger 
were discovered on a pipe section immediately upstream of the by-pass tee 
weld. These cracks were found in both transverse and longitudinal orienta- 
tion with respect to the pipe. 
of these defects. 

Autoradiographs also showed the presence 

Instrumentation for NPR. 
phosphate with an autoanalyzer were studied. 

Procedures for the determination of hydrazine and 
A modification of the recom- 

mended hydrazine procedure was developed which is satisfactory for use in 
the 0 to 250 parts per billion (ppb) range. The accuracy and sensitivity 
of the procedure are approximately f 5 ppb. The modified procedure elim- 
inates the difficulty encountered with the recommended procedure 
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(dissolution of the Tygon punq, tubing) tha t  was reported previously. 
procedure could be adapted fo r  higher concentration ranges if desired. 

Although an initial evaluation of a procedure developed fo r  phosphate 
analysis in the 0 t o  250 ppb range indicates t h a t  t h i s  procedure should be 
both accurate and sensitive enough t o  meet our requirements, the procedure 
has not yet been evaluated in detail.  
phate analysis in the 0 t o  250 ppm range has not been evaluated. Replace- 
ment parts have been received so that evaluation of the chloride procedure 
can nuw be resunred- 

This 

An alternate procedure fo r  phos- 

Rupture Testa of Unirradiated F’uel ELements. 
fuel elements =re rupture-teated i n  ELMI-4 during the month. 
were designed t o  c m 8 r e  the relative behavior of: 
alloyed (U, 2.0 Zr )  cores, and (b) brazed and unbonded end caps. 
a l l o y  cores react more slowly at first, but once the reaction has started, 
it proceeds a t  an increasingly rapid rate. 
havior could be detected between brazed and unbonded end caps. 

A t o t a l  of eight coextruded 
The tests 

(a)  unalloyed and 
The 

No difference in rupture be- 

Structural MitteFials Developmmt 

Zircaloy Retubing Program. Sixteen smooth-bore 2 - 2  tubes, needed for  the 
scheduled expansion of the overbore test a t  l O 5 - C ,  have been produced by a 
new and prosnising process ut i l iz ing warm extrusion, low annealing tempera- 
tures, and me large tube reduction. 
tooling have been improved, and the process i s  now being used t o  make 
for ty  additional overbore tubes. 
warm extrusion prior  t o  anneal- and tube reducing t o  final size. 
l i v e r y  is scheduled f o r  late July. 

The extrusion and cold forming 

These tubes are undergoing the second 
De- 

NPR Rocess Tubes. 
three different vendors were.analyzed f o r  hydrogen content. 

mine samples of NPRtubing representing the product of 
The results 

ranged from 15 t o  45 ppm. The samples were then autoclaved with a group 
of IIPR tubes in  the production autoclave i n  the Hanford tube inspection 
f a c i l i t y  a t  White B l u f f s .  The hydrogen content was then found t o  range 
from 10 t o  40 ppm. 
analyzed. It is concluded 
that  any hydrogen picked up during the 425 C autoclave is less than the 
l i m i t  of accuracy of the t e s t  procedure. 

The same specimens were autoclaved a second time and 
EIydr04en contents ranged from 20 t o  40 ppm. 

Areas of enlarged grain have been observed on seven NPR process tubes a f t e r  
the pre-autoclave etch. These areas vary in size from spots about the 
s i ze  of a quarter t o  streaks several fee t  long and about an inch wide. 
The tubes affected w e r e  produced during the early part of the order when 
the surfaces of the tubes were oxidized in  a i r  t o  form a lubricant base 
f o r  subsequent drawing. 
repaired by grinding. 
heating w i t h  a welding torch prior t o  the next drawing pass. 
ment of Zircaloy containing some degree of cold work can result i n  grain 
growth or, if heating is severe enough, in phase transformation. 

Any screttching of the film during drawing w a s  
Oxidation of repaired areas was accomplished by 

This treat- 

*-’ * 
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Nonmetallic EIaterials Development 

Radiation-Induced Cracking of Graphite. 
predicted longitudinal cracking of the monolithic graphite bars i n  the 
Experimental Gas Cooled Reactor duz t o  differential ,  radiation-induced 
contraction. 

The calculations, i f  correct, would probably also predict eventual crack- 
ing  of the graphite i n  the NPR. However, rather drastic assumptions were 
necessary i n  order t o  perform m e  analysis f o r  the EGCR. 
radiation-induced stresses i n  the EGCR l a t t i c e  are relatable t o  those i n  
the Hanford reactors, it wa8 suggested that  observations of the condition 
of the graphite i n  the Hanford reactors may provide some indication of the 
adequacy of the EGCR calculations. Preliminary observations w e r e  made i n  
the bare channel 2780 i n  C Reactor, and longitudinal hairl ine cracks were 
seen i n  all bars in the rear of that  channel. M s t  of the cracks extended 
the ful l  length of the bar. These cracks cannot be definitely identified 
as being inducea by radiation; however, a more careful analysis of C Re- 
actor is under way t o  ascertain the probability of that  cause. 

A recent document, BMI-1503, has 

Since the 

NPR Graphite Irradiations. 
pare NPF4 core and reflector graphites, fa i led on May 10. 
from the F-6 position of the ETR on May 21. 
shearing of the lead tubing apparently due t o  excessive vibration from 
water turoulence in the reactor. 
way t o  prevent a reoccurrence. 
covered, but they were pi t ted and eroded and have a loose scale-like 
material on them. This w a s  caused by irradiation i n  reactor water for  the 
11 days prior t o  removal a f t e r  lead failure.  
made t o  recover the flux monitors from the capsule. 
monitors w i l l  be returned t o  HAP0 f o r  examination and measurement. 

The GEH-13-7 capsule, which w a s  bu i l t  t o  com- 
It was  removed 

The cause of fa i lure  w a s  

Redesign of the lead bracketing i s  under 
The samples fromthe capsule were a l l  re- 

Currently, attempts are being 
Samples and flux 

NPR Core Graphite. 
eff ic ients  of thermal expansion (CTE) fo r  paral le l  and perpendicular 
samples reported recently, a sampling study w a s  run on a single 5x6'' bar 
of NPR core graphite. 
taken along the bar center l ines  from edge t o  edge. 
samples, six inches long, were also tested The CTE measure par l l e l  t o  
the extrusion axis ranged f ro  0.78 t o  per OC t o  0.86 x per OC 
w i t h  an average of 0.82 x lo-' per OC; for  perpendicular samples the range 
w a s  from 3.36 x 10-6 per OC t o  3.91 x per OC and the average w a s  
3.62 x 10-6 per OC. There w a s  a definite change i n  values across the bar, 
particularly in samples cut perpendicular t o  the extrusion direction. 
Depending upon the position fromwhich samples were taken, the r a t io  
CTE (&)/CTE( / / >  varied from 5-02 t o  3.91. 
t o  standard Hanford sampling procedures, the CTE r a t io  f o r  NPR core 
material is 4.75 as compared t o  4.02 f o r  KC and 4.79 fo r  NPR reflector 
graphite. 

In order t o  c lar i fy  the apparently low r a t io  of co- 

Fifteen paral le l  samples, four inches long, were 
Eight transverse 

For samples chosen according 
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!rhermsl Hydra u l ic  Studies 

Re-evaluation of Thermal Hydraulic Conditions f o r  M%xhun Allowable Tube 
Parers. 
duction reactors are based t o  a lsrge extent on the t h e m  hydraulic 
characteristics of the fuel channels as determined by laboratory experi- 
ments. 
fittings and fuel elements exactly as used in  the reactors, and the re- 
sulting limits have been restricted t o  reactor tubes with f i t t ings of 
these sizes. A general re-evaluation of the mthods used t o  establish 
outlet water tenperature limits was started t o  enable better extrapolations 
of the limits t o  reactor tubes with modified fuel elenents and hydraulic 
fittings and to define optimum thermal hydraulic caditioms which wi l l  
allaw the maximum tube powers colllmensurate w i t h  reactor safety. 

The mexSmum outlet  water temperature limits for the W o r d  pro, - 
These heat transfer experbents have been performed with hydraulic 

As the first phase of this  study, a review was &e of the  heat transfer 
lmarledge of present reactor process channels which has been gained i n  
laboratory experiments during the past par. 
present outlet water temperature limits probably could be increased without 
any reactor modifications, if desired. 
requirements of the Psaellit pressure gages so as t o  t r i p  a reactor shut- 
down in tinre t o  prevent fuel damage rather than t o  scram the reactor when 
hyazgulic ins tab i l i ty  occurs as is now required. 
increaeed reactor power levels, since the reactors are limited by other 
Considerations such as bulk outlet  water temperatures and tube powers 
amociated with ruptures, but savings could be realized in  administering 
the Panellit gage system and by reducing the number of unnecessary reactor 
scrams. 

It was concluded tha t  the 

This w o u l d  be done by relaxing the 

Th&s would not result in 

Test Sections for  NPR Bcpe r a n t s .  
scale e lectr ical ly  heated test section of the d m t r e a m  half of a t ra in  

Fabrication was completed of a full 

of mpR tube-in-tube fuel elemnts.  
tubes is 17-1/2 feet  long and is made from seven different rPetals t o  ob- 
t a in  a decreasing heat distribution along the length and t o  maintain a 
proper proportion of heat generation between the two tubes. Small ceramic 
pieces are used t o  maintain both support and e lec t r ica l  resistance between 
the two tubes and between the outer tube and process tube. 
are shaped and spaced very similar t o  those support pieces used in  the 
actual fuel  elements. 
couples t o  masure surface and core temperatures and with pressure taps t o  
measure pressure drop across each of the three flow channels. 

The heated portion of two coaxial 

These pieces 

The t e s t  section is instruented w i t h  16 thermo- 

The t e s t  section w i l l  f i t  into a 2.7O2-inch ID steel tube installed i n  the 
high pressure heat transfer apparatus. Rovls ions  have been made t o  adjust 
and measure the flow t o  each of the three flow passages of the  t e s t  section 
during experimentation. 
rates of 2700 kw under steady state conditions and 3800 during overload 
periods of one half an hour. 

The tes t  section was designed f o r  heat generation 

I 
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Shielding Studies 

The computer program for  calculating neutron and gamma attenuation for  use 
in design of bulk shields is  complete. Using boundary conditions a t  the 
interface between the core and the reflector i n  the top shield of lo5 DR 
Reactor, neutron and gamma fluxes were calculated through the fringe poison 
region, graphite reflector, iron thermal shield, and in th is  case through 
ordinary concrete. 
The calculation gave the correct shape of the thermal neutron flux and com- 
pared with experimentally determined thermal fluxes within a factor of two. 
The gamma calculation compared w i t h  eqerimental data within a factor of 
1.5. 
any point in the shield: 

The to t a l  thickness of the shield was about 220 cm. 

The shielding program w i l l  calculate the following information at  

B. 

1. Neutron fluxes fo r  31 energy 

2. Total neutron dose rate. 

3. Approximate neutron spectrum. 

groups. 

4. ~armaa fluxes for  seven energy groups. 

5 .  Total gamma dose rate,  with a breakdown as t o  the contribution of 
each region i n  the shield t o  the t o t a l  dose rate.  

6. Approximate gamma spectrum. 

A study w i l l  nuw be made on a l l  of the concretes which have been tested ex- 
per-ntally t o  date t o  check the re l iab i l i ty  of the program as applied t o  
various types of shield materials. 

VIS - 3000 PROGRAM 
Research and development in the f i e ld  of plutonium metallurgy continued i n  
support of the Iianford 234-5 Building Operations and weapons development 
programs of the University of California Lawrence Radiation Laboratory (Project 
Whitney). Details of these ac t iv i t ies  are reported separately via distribution 
l ists  appropriate t o  weapons development work. 
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PRTR Rojec t  bkgement and Design 

PRTR Canstruction. Construction of the Maintenance and kckup Facil i ty 
is estimated at 9s completed versus 100% scheduled 88 of June 30, 1961. 
'Ihe PRP Crit ical  Faci l i ty  and Rupture Loop Annex buildings have been 
accepted with minor exceptions. The painting, t i l i n g ,  piping, and elec- 
t r i c a l  work in the M &  M B u i l d i n g  are cmpleted. Remaining work concerns 
eqapment tes t ing and correction of deficiencies. The m t o r  on the water 
ch i l le r  un i t  is overloading, and the circulating' pump is not aperating a t  
the specified capacity. 

The PR!CR and PFPP p a w  and landscaping con t r ac t  is estFmated a t  98% 
complete versus 98s scheduled predicted t o  June 30, 1961. 
asd road work has been cwrpleted. Landscaping has been completed, but 
the recent hot windy weather has made the replacemeat of several trees 
and replenishing of sane top so i l  necessary. 
tract, ground maintenance, w i l l  continue through July 21, 1961. 

A l l  paving 

The remainder of th i s  con- 

Bata l la t ion  of Fuel Element Zxaminatian Faci l i ty  equipment in the reactor 
c e l l  proceeded during the month. 
motor generator cabinet with interconnecting piping and wiring have been 
completed. 
location of mounting and guide brackets, auxiliary piping, and inter-  
connecting piping and wiring. The brackets have now been seal welded 
t o  the ce l l  cladding and the manipulator cleaned and f i t t e d  w i t h  the 
experimental air ducts in preparation f o r  f ina l  installation. 
engle viewer has been installed and preliminary work completed on the 
profil-ter. The f a c i l i t y  was used f o r  exemination of fuel  elements 
prior t o  the instal la t ion of the manipulator by suspending the elements 
from the charge-discharge machine and viewing them through the lead glass 
windows in B Cell. 

The cantrdl console, relay cabinet, and 

The manipulator was positioned in the c e l l  t o  verify the 
~ 

The wide 

The load-out f a c i l i t y  cask was used t o  transfer an irradiated rod which 
had been removed from a 19-rod PuAl element. 
countered with the operation, primarily with the load-aut f a c i l i t y  ho i s t s ,  
which were modified. The handling tools which had not been previously 
tested with the cask, also received same modifications. 

Some di f f icu l t ies  w e r e  en- 

Plutonium Recycle Cri t ical  Faci l i ty  (CAB-842). 
t o  the CPFF contractor, and instal la t ion of equipment started on June 27, 

mds have been assigned 

1961. 

The fuel  transfer lock testing program has been completed by the vendor. 
One cylinder on the c e l l  door latching mechanism was too small and w i l l  
be replaced. 
and the remote controls are now operable. 

The compression seals have been installed on.both doors, 
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A l l  specifications fo r  the instrument packsge have been received, reviewed, 
and returned t o  the vendor. 
the Government Inspection Agency indicates tha t  delivery w i l l  probably not 
be realized un t i l  the middle of September. 
t o  follow t h i s  order and endeavor t o  improve delivery. 

Promised shipping date w a s  June 1, although 

Expediting has been requested 

Control and safety rod development w a s  continued. The control rod readout 
mechanismwas received fromthe vendor; however, there is  some doubt as t o  
whether the vendor used specified radiation resistant grease. 
cation has been requested. 

A c lar i f i -  

The temperature monitoring e q u i p n t  bids were reviewed. 
equipnent order vas placed. 
because of excessive cost. A re-bid has been requested. 

The readout 
Bids on the temperature sensors w e r e  rejected 

Testing of the reactor tank has been completed, and the tank is being pre- 
pared for  shipment. During testing a leak was observed around the inner 
grid plate gasket. Additional tie-dams w i l l  r e  required during installa- 
tion. 
corroded during the ten days that c i t y  water, used fo r  testing, was i n  the 
tank. 
sufficient t o  structurally -e the tank. 
be a c c q l i s h e d  locally t o  permit installation work t o  proceed. 

An additional problem resulted when the inner w a l l  of the tank 

The degree of pit t ing,  reported as 0.005 t o  0.010 inch deep, was not 
Restoration of the f inish w i l l  

Fuel Element Rupture Test Faci l i ty  (CAH-867). 
c r i t e r i a  revision t o  reduce pumping capacity and costs has been approved. 

The water plant design 

A revised project completion date of June 1962 has been submitted. 
in the design drawing and specifications have been completed and w i l l  be 
released fo r  bidding early in July. 

Changes 

The makeup ion exchange system (RL-lO5), deaerator (RLT-7), inlet shutoff 
valve (HL-504), and Wrcaloy’reactor tube (KL-501) have been received 
during the month. 
power feeder system. 
t ractor  f o r  instal la t ion work in  B Cell and the annex which is within the 
project proposal estimate. 

The vendor of the primary injection pwnp was visited during the month t o  
witness acceleration, full capacity, arid de-acceleration tests. The full 
cwpacity and de-acceleration t e s t s  were satisfactory, but the acceleration 
from low speed t o  high speed exceeded the time specified. This condition 
Will not permit the use of standard overload heater protective devices. 
It has been determined that the motor vendor was i n  error, and corrective 
measures are being taken. 

An order w a s  placed for  the motor control center and 
An estimate has been received fromthe CPFF con- 

Component Testing and EQuipment Development 

PR-10 - Primary Low Mockup. 
during the month fo r  a t o t a l  of 6823 hours. 
240 hours has been consistently in  the range of four t o  f ive gallons per 
hour. 

The spare primary p q  operated 335 hours 
The leakage rate  for  the last  

UNCLASSIFIED 
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The prototype pump with the self-adjusting seal assembly operated an 
addi t ional  350 hours f o r  a t o t a l  of 8271 hours. 
is 0.7 g/hr. 

The seal test stand operated an additional 143 hours and 19 starts f o r  a 
t o t a l  of u80 hours and 158 starts. 

Testing of the Aldrich a j e c t i a n  pump res-d an June 26, 1961,~sing 
Msogrin U-cups. 
and no merasurable leakage. 

Shroud Tube Replacement. 
of shroud tubes and t o  f a c i l i t a t e  the placemnt of tools was shipped 
June 21. 

The present seal  leakage 

Ini t ia l  operatian at 1100 psig has shown no overheating 

The borescope which is t o  be used for  inspection 

Mnor Cm8truction submitted an estimate of $10,000 labor and $2,000 
material f o r  fabrication of the "Shroud Tube ReplacerPent Mockup". 

PRP Critical  Faci l i ty  Bototype. 
the source positianer and the u n i t  is now being reassembled i n  preparation 

m o r  modifications have been made t o  

f o r  testing. 

Redesign of the adjustable weir lower limit mitch system is required 
before tes t ing of this component is started: Approximately one mazl week 
total of engineering, design, and fabrication w i l l  be required t o  complete 
the veir t o  the point where it is  ready f o r  testing. 

The t u l e  is resdy for tes t ing upon receipt of flexible hoses. 
of the safety and contral rods t o  incorporate new safety and r e l i ab i l i t y  
features is nearly conglete. 
position indicators have been received and from physical appearance look 
quite satisfactory. l o  tes t ing will be started un t i l  material certif ica- 
t ions and test data required of the vendor ~IX received and found accept- 
able. Electromagnets per the l a t e s t  report were to be shipped on June 23, 
1961. New lead screws have been ordered t o  replace the 17-4 PH lead 
screwa. Receipt of these lead screws w i l l  not interfere w i t h  fabrication 
and tes t ing since the 17-4 PH lead screws can be used f o r  initial testing. 

Redesign 

The synchro systems f o r  the control rod 

An order was placed fo r  a recorder f o r  the PFP C r i t i c a l  Facil i ty moderator 
temperature monitor. Bids on m e  
resistance temperature detectors f o r  this  system were reviewed, and the 
low bidder w a s  asked t o  M s h  further information t o  enable evaluation 
of his bid. 
this system will not be available during the first one o r  two months of 
PRP Cr i t i ca l  Faci l i ty  operation. 

Review of submittal data and acceptance t e s t s  f o r  the PFP C r i t i c a l  Faci l i ty  
instrumentation continued during the month. 
and specifications were resolved with the manufacturer. Major problems 
remaining t o  be resolved on Crit ical  Facil i ty instrumentation include a 
power supply f o r  the safety and control rod magnets, interconnections t o  
macR area radiation monitors and seismoscopes, and instmmmtation t o  
actuate the poison injection system. 

Delivery is expected about August 1. 

This information was expected by July 1. It is probable that 

Several conflicts i n  dimensions 
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PIETR Rupture Loop Prototype. 
testing the mockup of the outlet  nozzle Zr-2 t o  stainless s tee l  flanged 
joint and associated holddawns and gas seals. 
ately. 

Heaters w e r e  received on June 26, 1961, for  

Testing is  t o  begin immedi- 

The Grayloc unions f o r  the outlet  nozzle t o  jumper connections and the 
inlet shutoff valves from Aero Supply were received during the month. 

Design Analysis 

PKlIR Startup Activities. A Fortran code, designated XRRLWUT, was written 
t o  assist in the analysis of xenon poisoning measurements made during 
PR!L’R operation. 
act ivi ty  accounting f o r  any operating history. 
dur ing the ini t ia l  period of operation appears t o  be in good agreement 
with the calculation and with the xenon tables. 

The calculation provides a continuous xenon poison re- 
Xenon poisoning observed 

Several Operating Standards f o r  reactor control were completed. They 
include I - C  Fkactor Flux; 1-2, Flux Qlsmbers; and I - H ,  MxwJ. Reactor 
Control. 
tine Procedures and i n  preparation of special instmctions and data sheets 
for Power Tests. 

In addition, assistance was provided in the revision of Opera- 

Crit ical  Test analysis work was continued d u r i q  the month. All of the 
fuel  element temperature data obtained fromthe themcouple fuel  element 
during previous power operation w a s  examined and correlated w i t h  varia- 
tions in moderator level and parer level. 
deduced from these measurements are in the range from -1 x 10-5 t o  
2 x 10’-5&,c , in reasonable agreement with calculation. 

Discussions were held with WAPD personnel on CVTR c r i t i c a l  t e s t  results. 
Where conditions were comparable, experimental data were found t o  be 
generally i n  agreement with PR!FR c r i t i c a l  t e s t  results. 

Fuel temperature coefficients 

k \ 

HiTR Safeguards Studies. 
was reviewed by the General Electrkc Technological Hazards Council on 
June 16, 1961. 
quences of the contamination of the primary coolant with chloride and 
fluoride. 
toring program be enlarged t o  insure that the process tubes are performing 
as anticipated . 

The initial operating experience with the p#IIR 

The Council expressed concern over the potential conse- 

It was recoIllmended by the Council that the process tube moni- 

PRP Crit ical  Facil i ty.  
guards Analysis f o r  the PRP Crit ical  Facil i ty.  

Work continued during the month on the Final  Safe- 
Mjor  comments received t o  

date on the rough draft are concerned w i t h  the poison injection system and 
with procedures f o r  performance of experiments in the fac i l i ty .  

PKllR Operations 

Reactor Testing and Activation. 
continued through the month of June. 

The PRTR outage which began my 18 
Mjor  effor ts  during the month were 

concentrated on inspection and repair of the primary cooling system 
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because of stress corrosion damage which resulted from contamination of 
the heavy water w i t h  freon during helium system leak detection work in 
m h .  Startup preparations are in progress a t  month-end. 

All fuel elements were discharged t o  the storage basin for  inspection 
and necessary repairs. All bands on the PuAl elements were replaced. 
Stress corrosion also affected pins in the fuel element hangers connec- 
ting the fuel elemcnt t o  the hanger and holding the hanger head and shaft 
together. A new modified pin design was devlsed so that the damaged pins 
could be removed and new pins inserted on the irradiated assenblies under 
water in the storage basin. 
enable remod of the upper pins. 

Hanger heads were welded t o  the shafts t o  

After the fuel elements were discharged and the primary system was drained, 
inspectian of the primary system was made. 
observed in two locations: 
on the process tube flanges and at the instnvnent line connections t o  the 
in l e t  jumper flawmeter venturis. Bspectlon of welded connections on the 
jumgers and outlet  nozzles, and of jumpers and jumper f i t t i ngs  disclosed 
no evidence of similar attack. Because of the dam8ge t o  gaskets and the 
possibi l i ty  thst such gaskets could retain excessive concentrations of 
corrosive elements, all metal-asbestos gaskets in the high temperature 
portions of the primary system were replaced. This work required dis- 
mantling of the in l e t  and outlet  reactor piping. Instrument l i ne  connec- 
t ions t o  the venturis were redesigned and all in l e t  jumpers were rebui l t ,  
cutting out the corroded areas. 

Stress corrosion attack was 
at the spiral wound metal-asbestos gaskets 

The primary coolant system ion-exchange resin was replaced with fresh 
neutral commercial grade resin through which the primary coolant was 
circulated f o r  removal of halogen ions. FollarLng this, the primary 
system was drained t o  a temporary storage tank. 
given t o  draining a l l  dead legs of the system. 
resin was subsequently removed and replaced with a nuclear grade neutral 
resin for a brief operating internal with the primary coolant a t  pH 7. 
This resin was then replaced with a nuclear grade lithium-based resin f o r  
the next operating run at pH 10. 

Special attention was 
The temporary cleanup 

Because of the need t o  maintain stringent limits on oxygen concentration 

unit with provisions f o r  regeneration and deuterization was installed in  
the primary clesaup system. To reduce aspiration of a i r  in to  the s y s t e m  
during fuel  charging operations, an iner t  gas shielded fuel charging 
funnel was designed and put into use. 

future aperation of the primary system, a deoxygenating ion exchange 

During the month the ent i re  inventory of "used" D$ was passed through 
cleanup ion exchangers. Follaring cleanup, each drum was tested f o r  
i h t o p l c  purity, t o t a l  conductivity, and halogen content before being 
approved f o r  reuse i n  the primary system. 
the appearance of an organic odor in much of the reprocessed D20 inventory. 
This odor was not positively identified; however, the odor w a s  removed by 
air sparging. 

This work was complicated by 
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Late in the month gross lIYercury contamination was found i n  the process 
c e l l  near the primary and moderator flaw transmitters (both of which 
contain mercury). Also, mercury was found i n  some of the "used" D20 
drums, the J&O cleanup equipment, and i n  some of the in-process ion ex- 
change piping. Ektensive cleanup corrected th i s  si tuation by month-end. 
A l l  mercury formerly i n  the service building and the containment vessel 
has been moved t o  300 Area except that  i n  enclosed instruments such as 
the primary and moderator flow transmitters, pressure swizches, and 
mercury vapor l ights.  

Installation of piping and controls for cold D20 injection t o  primary 
pump seal chambers was completed during the month. 
ing valve instal la t ion was also finished. 
normal opera t l a .  

The remote pump vent- 
Rmrps have been returned t o  

All previously reported leaks in the primBly and helium systems were 
repaired, although some further leakage i n  the primary piping may be 
anticipated because of the extent t o  which it w a s  dismantled during the 
shutdown. The primary system air assisted check valve was repaired and 
w a s  modified t o  provide satisfactory closing and limited shutdown f l o w  
control. 

H e l i u m  system work included incorporation of hydrogen addition f a c i l i t i e s  
at  bulk storage, revision of recombiner piping, fabrication and installa- 
t ion of a recombiner i n  the helium supply t o  the primary system pressurizer 
and repair of a high pressure compressor head and o i l  regulator valves. 
The helium system has been placed in  operation at month-end. 

The PFUR loadout cask w a s  lowered into the basin and a single canned fuel 
rod was loaded into the cask for  shipment t o  Radiometallurgy. TO elimin- 
ate jerking of the crane when the cask w a s  being changed fromthe hori- 
zontal position t o  the vertical  position or vice versa, a special bearing 
type clevis was designed and installed. 
the fuel,  and for  opening and closing the cask were satisfactory. 
some refinement of these tools will be made. 

The tools fo r  handling and loading 
However, 

Analysis of water, gas, and resin samples fromthe last operating period 
i n  April indicates the probability of a ruptured'fuel element. Special 
tests have been devised t o  t r y  t o  confirm or disprove th i s  when the re- 
actor is next brought t o  l o w  power operation. 
installed from the degasser t o  the rupture monitor bulk sample chamber, 
a l l  needle valves (61 of 85) that  failed t o  date have been repaired, a 
glass encased gas separater has been installed i n  one of the tube flow 
sample l ines,  and special samplhg points have been established t o  aid in 
the rupture detection program. By spectrum analysis of both bulk D20 and 
He samples, an attempt w i l l  be made t o  evaluate the existence of a rupture. 
Analyses of the spectrum from WO and/or He samples from individual tubes 
will be attempted t o  t r y  t o  locate the rupture i f  it exists.  
effor ts  t o  obtain a usable rupture detection and location system continued. 

"Snubbers" ( b f o o t  long, 1/16" SS l ines)  were installed i n  the low and 
high pressure sensing l ines (3/16" l ines)  t o  20 flow monitors. 

A gas sample l i ne  has been 

Longer range 

The snubbers 
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w e r e  installed in lines framtubes with in le t  jumper takeoffs near the 
inlet header bull-tee since these have exhibited the greatest ( 2  7s) 
f'luctation. 
within specifications . Flow monitor response time with snubbers installed is 

The backup ins tmmnt  air reserve instal la t ion was completed during the 
outage. 
c r i t i ca l  inatnrmsnts. A longer supply 1s available if integrity of the 
air receiver is maintained. 

An In-line analyzer t o  &tor primary system CQ concentration was in- 
stalled. 
technique6 for intermittent checking of % concentration are not yet 
reliable t o  use as a standard. 

Axninbmm of one hour of instrument a i r  is now provided f o r  

Checkart of the analyzer is not y e t  camplete because laboratory 

The secandary and top and bottom shield 02 analyzer w a s  also put in  
service. 
water will mask our effor ts  t o  determine 02 concentration. 
obtain a true value of 02 will continue. 

As reported last month, the aqueous ac t iv i ty  monitor low t r i p s  were put 
in service. 
by overloaded inverter power supplies o r  by the battery charger in the 
system, may require reducing the response time of the monitors t o  avoid 
unnecessary resctor shutdams. A higher capacity inverter is  currently 
under t e s t  and uti l izat ion of a new concept for powering the monitors 
is being studied. 

Indications are that the sulf i te  added t o  the secondary system 
Efforts t o  

Oscillation of the -tor indication, believed t o  be caused 

lzIe first factory reworked dump valve actuator was installed. The re- 
placed actuator has been returned t o  the factory f o r  chrosre plating. 
The dump valve plugs have sham signs of wear where they slide through 
valve body sleeves. 
t o  s t e l l i t e  coat portions of the plug. -ements t o  have t h i s  done 
are currently in progress. 

After consultation vith the factory, it w a s  decided 

Operating Standards and Rocedures. The major e f fo r t  during the month was 
the revision of the standards and proeedures pertaining t o  the quality and 
samples of the heavy water, l ight k t e r ,  and helium systems. 
standards and procedures will be subjected t o  a review and updating. 

Gl other 

The maximum impurity collcentratians of the three heavy water and the top 
and bottom shield system were established as follows: 
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W e r a t o r  and Top and Bottom 
Impurity Rimsry sy stem Reflect or Systems Shield System 

Chloride 0.2 ppm 0.2 Ppm 
Fluoride 1.0 ppm 1.0 ppm 

0.05 ppm -- Capper 
0.14 ppm Oxygen- 

Peroxide 
Total Solids 10.0 ppm 1.0 Ppsl 
Conductivity 80 micromho/cm 1.0 micromho/cm 
PH 9.5 - 10.5 6.0 - 7.5 

-- -- -- 

0.2 ppm 
1.0 ppm 
0.5 ppm 
1.0 PW 
1.0 ppm 

20.0 ppm -- 
9.5 - 10.5 

The impurity concentrations of the portions of the helium system 
were established as follows: 

Core B l a n k e t  and Primary Coolant 
Impurity Gas Balance System Pressurization System 

Chcygen -- 0. ole 
Nitrogen -- 0*5$ 
Nitrogen plus oxygen 0*5$ -- 
Deuterium plus hydrogen 2 4 0.7 - 1*7$(range) 

Thermal Hydrs u l i c s  Studies 

Natural Convective Cooling of the PRTR. An investigation of the problem 
of adequately cooling the PKlTR during a t o t a l  paver outage was completed. 
Previous studies have s h m  that natural convection circulation of the 
pr- coolant would be adequate t o  transfer heat from the fuel during 
a t o t a l  e lectr ic  paver outage without boiling. However, there are several 
meam by which the required convective head would be los t  (e.g., excessive 
evolution of helium fromthe coolant) and the water in the process tubes 
would then boil. The effects  on fuel element temperatures of t h i s  boiling 
was determined i n  the heat transfer laboratory. 

Experinrents were performed w i t h  an electr ical ly  heated mockup of a PRTR 
l9-rod bundle fuel element placed i n  a vertical  position. Hot water a t  
200 F was made available t o  the bottom of the t e s t  section a t  a constant 
head which would cover the top of the heat generating section with five 
inches of water. 
The experimental procedures consisted of gradually increasing the heat 
generstion rates in the t e s t  section while data were obtained of the 
natural circulation flow rate  and surface temperatures. 

- 

The outlet of the process tube was open t o  the atmosphere. 

When the heat generation rate  of the t e s t  section w a s  increased, vigorous 
bulk boiling occurred and a t  90 kw the flow rate  started t o  fluctuate a t  
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a frequency of five cycles per minute. 
ture  also started t o  fluctuate with the s a m  frequency as the flow rate. 
A t  150 kw the cycle frequency was nine cycles per minute with minimum f l o w  
rates of four gpm and maximum surface temperatures of 965 F. 
were terminated a t  this point t o  avoid damaging the test section. 

A t  120 kw the t e s t  section tempera- 

The t e s t s  

It was concluded f r o m  the experiments that it would be possible to remve 
two t o  four times 88 ‘nruch heat by natursl  convection boiling as w o u l d  be 
generated during the reector shutdown conditions, providing sufficient 
water was available t o  cover the fuel elenents. 

Developmnt of R-essure Surge Sugpressors for  PRTR Flow &tern. 
lit flaw iadicators used by the PKIlR t o  monitor Individual process tube 
f l o w  rates were  found t o  have a fluctuation or  from f 2 t o  f 8 percent 
while in use on the reactor. 
+ 10 percent from the operating tube fiow, the penellit fluctuations of 
;hose tubes with the larger fluctuatians were nearly aa large as is t r i p  
span and would cause occasional f l o w  t r i p s .  
in the sensing l ines  t o  the f l o w  metem were par t ia l ly  closed t o  suppress 
the -tude of tne fluc.cua~ioss. 
best practice, since the effect  of the valve closure on the response of 
the instruments vas neither fixed nor known. 
therefore performed t o  determine the response time of the meter as a 
function of the degree of valve closure, and, more important, t o  devlse 
an alternate miwtna of suppressing the flow neter oscillations. 

The Panel- 

Since the high and l ow f l o w  t r i p s  ere set a t  

As an interim llleasure, valves 

This w a s  recognized as not being the 

Laboratory experiments were 

A PRER flaw indicator and a f a s t  responding pressure transducer were both 
connected t o  a venturi. The flow through the venturi w a s  increased step- 
wise by use of a quick opening valve and the resulting changes in the 
pressure different ia l  as detected by the PRlX f l o w  monitor and the pressure 
transducer were monitored on a high speed recorder. 

The t e s t s  shared that the -Ut flow monitors a under-damped and can 
therefore undergo oscillations larger than those imposed upon it. 
closures t o  between 1/8 and 1/4 turn open were sufficient t o  provide near 
c r i t i c a l  damping and thus ellminate the gage oscillations. 
closures would not cause an undue increase in the i n s t m n t  response tine, 
but they are very close t o  a closure of 1/16 turn open which gave an un- 
acceptably long respome characteristic. 

The t e s t s  also showed that a better means of o b t a i n i q  the desired sup- 
pression of meter fluctuations would be t o  place about a four-foot length 
of 1/16-inch tubing in the meter sensing l ines.  
offered by this length of t u b a  w a s  enough t o  cause the m t e r  and sensing 
l ine  system t o  be very nearly c r i t i ca l ly  damped. This very nearly e l m -  
ated the IPeter oscillations without greatly affecting the response time 
of the s y s t e m  except t o  show that it is 0.5 second o r  shorter. This is an 
acceptable value. 

V a l v e  

These valve 

- 

The f l o w  resistance 

1 2 5 2 3 4 1  
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Plutonium Fuels Develapmnt 

PIiTR Fuel Elxamination. 
charged from the PRTR fo r  examination a f te r  aperating fo r  about two weeks. 
The maximum reactor power level during th i s  time was about 15 MU and the 
xmxlmm coolant temperature was about 530 F. 
revealed that the unautoclaved Zircaloy bands around the element were 
badly corroded and some had come completely loose. A closer examination 
of the bands showed that severe corrosive attack had occurred in areas 
where crevices w e r e  present. The corrosion was attributed t o  poor water 
quality. 
underwater periscope and p i t t ing  attack of the fuel  e lemnt  was observed 
in areas where the band8 were in  contact. One of the wire wrapped fuel 
roda was  cut from the cluster and has been taken t o  Radiometallurgy for 
further examination. 
the element will be examined fo r  crevice type corrosion under the wire 
wrap and i n  areas where the wire is  attached. 

An aluminum-plutonium spike fuel  elellaent w a s  dis -  

h underwater examination 

The surface of the elentent was then examined with the a id  of an 

The degree of p i t t ing  attack w i l l  be determined and 

It was decided that all of the original Zircaloy bands should be replaced 
before the fuel elements were recharged into the reactor. 
devised fo r  rebanding the fuel elements in the reactor basin. 
bandhg step, the vertically-hung elements were moved fromthe storage 
racks into an aluminum tray, the basin hanger mmber removed, and the 
element and tray pulled up into a horizontal position. With the element 
six feet below the water surface the radiation level was about 70 mr/hr. 
For the rebanding operation, the element depth w a s  adjusted ( to  about 
seven and one-half feet)  so the ac t iv i ty  level w a s  5-10 mr/hr. 
nique fo r  rebanding involved the use of a snare-like loop of autoclaved 
Zircaloy w i r e  (O.072-inch d iamter )  of which the cross-over sections 
passed through a small  two-hole Zircaloy block. 
in a tightening device. The wire loop was slipped along the fuel cluster 
t o  the proper position and tightened. 
mechanically secure the wire i n  the Wrcaloy block and the residual wire 
ends were trimmed off t o  within about one-fourth inch of the block. Three 
w i r e  bands were symmetrically placed on each element. 
sized t o  just clear the fue l  element brackets, was passed over each band 
t o  insure that  the band components did not protrude excessively. 

A technique was 
For the re- 

The tech- 

The w i r e  ends were held 

A crimping tool was employed t o  

A nylon ring gage, 

The corrosion p i t ted  area on the fuel rods w e r e  approximately one-eighth 
inch in di-ter and centered under the high pressure contact point of the 
bands on the rods. 
under the band a t  six points along i ts  length corresponding t o  the location 
of the original Zircaloy bands. The white corrosion product, identified as 

by x-ray diffraction, w a s  located a t  the border of the corrosion p i t ted  
area. This border would be a t  the interface of the s t a t i c  and the refreshed 
coolant surface. The corrosion w a s  more severe in the high flux positions 
i n  the reactor. 

A l l  twelve outer rods exhibited some corrosion p i t s  

The corrosion 
seven feet  of 
used for th i s  
cleaning on a 

p i t s  were cleaned in  the storage basin under approximately 
water. A rotary nylon 
purpose. The elemnts 
special rack which w a s  

b r i s t l e  brush and a water j e t  were 
were positioned horizontally during 
loaded vertically and then t i l t e d  

UNCLASSIFIED 
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90 degrees. 
visually with the aid of an underwater periscope. 
abled the exadnation of the t o t a l  cluster f o r  abnormal signs of surface 
b m g e  and f o r  the inspecl;ion of re-band tightness. 

The c q l e t e n e s s  of the corrosion product removal was masured 
!DxLs periscope also en- 

In an attenpt t o  elimina,te the w e a r  observed on the inside of the process 
tubes caused by the fuel  eldment end brackets, a special element has been 
assembled t o  be charged w i t h  the next PKIZR loading. The contact areas of 
the end brackets on this element have been increased by a factor of 30 by 
w e l d i n g  a Zircsloy pad ane-hslf inch long by one-fourth inch thick t o  each 
spacing gusset. 

Uhen handling the -1 elements fo r  the r e b w  and p i t  c l e w  opera- 
tione, some of the ball-lock pins which attach the element t o  the hanger 
aseenibly f e l l  out of place. Three of these pins were examined in Radio- 
metallurgy, and it was found that the 17-7 stainless s t ee l  springs inside 
the pins bad deteriorated due t o  corrosion. This necessitated replacing 
a l l  the pins on the hangers. 

Fabrication D e v e l v n t .  A rod swaged with prewelded ends t o  a density of 
90 percent theoretical  was opened i n  the analytical laboratory. m l e s  
tabn from each end and the middle were weighed and loaded into the vacuum 
gas coU3ction system within 1 5  minutes of the opening t ime .  These showed 
an average gas release of 0.57 cc/gram a t  1000 C. p l i s  is a greater re- 
lease by more than a factor of t en  than was measured ca the s tar t ing -20 
msh material. Since the gpra available t o  the oxide during swaging was 
limited t o  that contained in the tube void velum?, the m8ximum possible 
gas pickup (during swaging) can be calculated. 
0.03 cc/gram, not nearly enough t o  explain the unusual increase. There 
are tvo possible explanations for these results. 
logical one, is that the outgassing technique used is far .too short a time 
a t  too law a temperature. 
pewticle sizes w o u l d  shm an erroneous gas release on the low side. 
second possibi l i ty  is  that the swaging has increased the surface ac t iv i ty  
of the particles t o  the point where they readily adsorb gas. 
data support the former theory. 
-325) were sampled from the fused and crushed swaging stock and t o t a l  gas 
release a t  1000 C measured. If it is assunred for the sake of calculation 
that the average diameter of the -325 mesh material is  20 microns, and if 
it is further assupled that all the gas is released fromparticles of this 
size,  then it is possible t o  calculate an expected percentage gas release 
from each par t ic le  size. 
table along w i t h  the calculated values: 

This amounts t o  some 

The first, and most 

P l i a  would meap that the t e s t s  run on large 
The 

The following 
Three size fractions (-60 +loo, -100 +ZOO, 

The measured aata are presented in the following 
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M e A s u R E D A N D c A M ; r l T L A T E D G A s m  

Average basured 
Particle Gas 

Mesh Size Diameter Release 
'(micrcms) '(cc/@;ram) 

-60 +loo 197 0.54 
-100 +200 110 1.1 - 325 0.20 2.6 

The agreeraent between the calculated and 
or not th i s  is fortuitous will be proved 
however, lend considerable weight t o  the 
creased gas content of swaged rods. 

Normalized Calculated 
t o  Fractional 

- 325 Release 

0.21 0.27 
0.43 0.45 
1.00 1 .oo 
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Easured values is good. Whether 
by further experiments. It does, 
diffusion explanation fo r  the in- 

Ccrmpaction of U%, preliminary t o  U@-Pu@ studies, by hot roll ing sand- 
wiches of Ue, contained in stainless s tee l ,  was studied with various 
pmder combinations. As reported previously, a compact was rolled a t  
900 C and 50 percent reduction t o  obtain material which was 97.7 and 98.2 
percent of theoretical density. The O/U r a t io  of this material a f t e r  

The UQ povders used t o  obtain these densities were 
predmninnntly arc-fused with minor amounts of ceramic grade powder. 

A similar experiment w a s  run w i t h  ceramic grade only which had a tap density 
of 34 percent. 
ditions was 72 and 76 percent of theoretical density. Next, a 50-50 mixture 
of fused and ceramic grade U% was hot rolled a t  900 C and 50 percent re- 
duction. 
density obtained was 82.9 and 85.8 percent. There is apparently an optimum 
combination of fused and ceramic grade powders which w i l l  permit relatively 
high tap densities and result in high f ina l  density. 
w i l l  include a mixture of 80 weight percent -325 mesh fused U% blended 
with 20 weight percent Pu0;l t o  determine i f  high density mixed oxides can 
be obtained. 

. ro l l i ng  was 2.022. 

The density achieved with t h i s  puwder under identical con- 

The tap density of t h i s  powder w a s  33.5 percent, and the final 

Future exper-nts 

As previously reported, two methods of loading fuel  tubes t o  obtain uniform 
Pu% distribution along the length of a fuel  rod were developed. 
method consisted of preparing and m i x i n g  one tube batches of oxides with 
20 percent fines (-325 m) in the batch. 
ally loading the tube so that each small increment contains the required 
amount of plutonium. 
using UO, fines as a stand-in fo r  plutonium and .screen analysis fo r  evslu- 
ation. 

One 

The other consisted of increment- 

Both of these methods were developed and demonstrated 

The goal of both loading mthods i s  t o  obtain a plutonium distribution 
along the tube length within ? five percent of the nominal plutonium con- 
centration. 
elements f o r  the PRTR w i l l  be approximately 0.500 weight percent plutonium 

The nominal composition of the uniformly enriched UOpPu@ 

so tha t  the tolerance along the 
0.525 weight percent. Sicce it 
which is  capable of 100 percent 

length w i l l  be 0.475 weight percent t o  
i s  unlikely t h a t  a nondestructive tes t  
inspection w i l l  be developed t o  detect 
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these smal l  absolute differences i n  plutonium content, uniform plutonium 
concentration w i l l  have t o  be insured through process control, which may 
require extensive destructive evaluation of each process step. 

In the incremental loading method, the key control areas in the process 
require : 

1. of uniform plutonium content. 
2. A UOppuo2 fines lnixture of uniform plutonium content. 
3. A uniform batch (increment) mlx tu re  of coarse U% and PuQ fines. 
4. A loaded tube with uniform mixture. 
5 .  A swsged tube with a uniform mixture. 

For re-mmt one, the theoretical 88.4 percent plutonium in Pu% is not 
obtained in as-received Pu% due t o  the law and varying temperatures used 
in calcining the &ate. 
received Pu% gives approximstely a three percent w e i g h t  loss. Analysis of 
t h b  high temperature calcined PuC+ should indicate plutonium concentration 
close t o  theoretical. 

A 950 t o  1000 C calcination in  air  of the as- 

The second process r e q w n t  c a s  for mixing U@-Pu@ fines uniformly 
and two blending experimnts w e r e  completed. 
the first blend indicated a ? 30 percent variation in plutonium content. 
M k h g  techniques were modified in the second experiment, and six samples 
indicated a f 1.5 percent variation in plutonium content. 

Five grab samples taken from 

The thi rd requirement ca l l s  fo r  a device which will deliver uniform incre- 
ments of U%-puO, fines and -20 m e s h U % .  Several manufacturers were con- 
tacted, and a small  prototype machine which is capable of feeding smsll 
amunts of powders of the required par t ic le  sizes within $ two percent 
is being purchased f o r  test and evaluation. 

Investigation of requirements four and five are in progress. 

Although it is f e l t  incremental loading is inherently more accurate than 
the high percentage of fines method because of closer control, further 
evaluation of the l a t t e r  method is continuing. 
ing 0.5 weight percent Pu@-U@. 
length of the rod. 
varied from 0.399 weight percent t o  0.414-weight percent plutonium, o r  a 
variation of f two percent from the metin. 
analysis was 0.569 weight percent plutonium o r  approximately 40 percent 
above the mean analysis. 
modified l&ng techniques. 

A tube was loaded cantain- 
Five 2.5-inch samples were cut along the 

The plutonium analysis in the bottom four samples 

In the top sample, however, the 

Additional tubes w i l l .  be sampled with s l ight ly  

Attempts t o  cut five-inch irradiation capsules from f u l l  length swaged 
rods have thus far been unsuccessful due t o  decontamination diff icul t ies .  
An experiment i n  fabricating a five-inch capsule by swaging is now being 
performed using swagable end caps. 

1 2 5 2 3 4 5  
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Fuel Evalua t ion .  One rod of a Wrcaloy-clad aluminum-plutonium seven-rod 
cluster was intentionally ruptured while the element w a s  operating at  full 
power. This element and the operating conditions were as prototypical of 
the PKLR aluminum-plutonium spike elements and conditions as could be ob- 
tained. 
and the heat f lux  at  the point of rupture w a s  estimated t o  be about 
200,000 Btu/hr-ft2. 
brazed nrpture t i p  and exposed a 0.035-inch diameter hole through the 
cladding. 

The element operated for  about 18 full parer days prior t o  rupture 

Activation of the hydraulic mechanism broke off the 

Loop conditions at the time of fa i lure  were as follows: 

React or Power 175 bm 
Inlet  Temperature 466 F 
Out le t  Temperature 497 F 
Loop Pressure 1200 ps i  
Flar  55 ggm 

PH 11 
12 ft/second 

The rate of fission product release t o  the coolant and, hence, the degree 
of core corrosion was indicated by measuring the delayed neutron and gross 
gannna act ivi ty  i n  the coolant. Release rates were so small that ac t iv i ty  
increases were bazely discernible. 
the cleanup resin columns in the loop were by-passed in  an effor t  t o  obtain 
higher readings on the radiation monitors. 
indicated by one of the Instruments Increased slowly from 290 =/hour a t  
the beginning of the tes t  t o  a maximum of only 410 =/hour during the 47- 
hour period the element was aperazea afmr rupture. The t e s t  as approved 
permitted th i s  particular instrument t o  read an ac t iv i ty  level of 40 r/hour 
before the reactor w a s  t o  be shut dam. 
period a f t e r  rupture, the element was subjected t o  four parer cycles of 
the ETR and the coolant temperature dropped t o  about 400 F. 
ieveis would increase s l ight ly  while the loop temperature w a s  brought back 
t o  500 F, then the act ivi ty  would decrease again after the operating 
temperature w a s  attained. 
To accomplish th i s ,  the reactor power level w a s  reduced t o  less  than 1 Mi, 
and the loop coolant temperature w a s  reduced t o  about 100 F with the 
pressure remaining at  1200 psig. 
175 W i n  a period of about one hour and the loop temperature w a s  raised t o  
500 F in about two hours. 
naximum of 410 mr/hour and then decreased slightly. 
act ivi ty  level attained throughout the run.  
periodically throughout the couse  of the experiment which confirmed the 
presence of f ission products i n  the coolant. A complete analysis of these 
samples has not been finished ar; t h i s  t i m e .  

After about six hours of operation, 

The act ivi ty  in the cubicle as 

During the 47-hour operating 

Activity 

An attempt w a s  made t o  waterlog the element. 

The reactor power w a s  brought back t o  

During t h i s  time the loop ac t iv t ty  rose t o  a 
This was the highest 

Water samples were taken 

The element has been removed from i t s  stainless s t ee l  basket and examined 
i n  the GllR canal w i t h  the aid of the underwater periscope. 
evidence of swelling or distortion of t h C  element in the area of the 
rupture hole. Some discoloration of the Zircaloy cladding w a s  observed 
for  a distance of about one-fourth inch downstream fromthe hole. After 
a suitable cooling period, the element w i l l  be returned t o  W o r d  fo r  a 
detailed radiometallurgical examination. The center rod of t h i s  element 

There w a s  no 

UNCLASSIFIED 
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had an average d i e t r a l  gap between the core and cladding of 0.007 inch. 
The results of the aluminum-plutonium in-pile rupture t e s t  have been very 
encatraglng, and the behavior of the element in the reactor was similar 
t o  the results obtained with ex-reactor experiments. The results of this 
experiment have further demmstrated the v i r t u e s  of the Zircaloy-clad 
aluminum-plutonium fuel element concept for power reactor application. 

Of' all the 11 irradiated U@-Pti% capsules t o  be recharged into the MllR 
for additional exposure, the six low-density pieces were inserted on 
June 12, 1% (MPR Cycle 158). 
the power generation calculatlans for the remaining specimens in  the t e s t  
pmpoaal (HU-69156) were reviewed. 
me discrepancy between the values calculated at  the KER and a t  HAP0 appear 
to be due t o  the selection of the appropriate macroscopic f iss ion cross- 
eectians for the various fuel materials. 

A t  the request of the reactor personnel, 

The values w e r e  found t o  be as stated. 

Tbe AEC Form 22 authorizing the plutonium reactivity experiment (phoenix 
lkperiment) has been agproved, and the program w i l l  be designated GEH-21. 
Some prel3mlnary react ivi ty  measure=nts have been made Kith the samples 
In the Advanced Reactivity Measurement Faci l i ty  (ARMF) a t  the MIIR. 
data are being analyzed to deteradne i f  the accuracy of the measurements 
is sufficiently adequate t o  achieve the objectives of the experiment. 
It was found that the orientation of the samples in the ARbiF had a notice- 
able effect  -qan t he i r  reactivity contribution. 
then, t o  always orient the samples in  the same direction when making 
measurements in the ARMF. 
from the same extruded rod indicating very l i t t l e  segregation of the plu- 
tcmium. 
within one-third p k which is considered quite acceptable. 

The test proposal (aw-69281) for the in-reactor sintering studies on u%- 
PuQ and the direct  cwrparison of the radiatian behavior of UOpPu@ and 
enriched U%, operating under identical conditions, has been issued. 
The praposed t e s t  has not received Reactor Safeguards Committee approval 
at  the MPB as of this date. 
fuel elements was received in June, and fabrication of the required pel le ts  
bas been ini t ia ted.  
be irradiated in the MPR hydraulic rabbi t  f a c i l i t y  (VH-4) have been 
coqleted with the exception of the outer aluminum sheathing section. 

The 

It w i l l  be necessary, 

There was good agreement between samples cut 

Alsoy the accuracy of the nreasurexaents was reproducible t o  

The highly enriched UQ for use i n  these 

Jacketing components for these elements which are t o  

UOp Fuels Development 

Fuel Irradiation. 
W k  I I - C )  fuel  element that was discharged from GllR a f t e r  a f iss ion gas 

A three-foot lang prototypic nested tubular (P€U'R 

leak, w a s  disassenibled and visually e&ed in the MCR hot cel ls .  NO 
obvious cladding break was visible,  but blemishes were apparent on the 
cladding of the central rOq and on the inner cladding of the inner tube. 
Further investigations are scheduled. 

Au. fuel  elements which have been in-reactor were visually examined. 
h s t  elements exhibit s l igh t  surface scratches and s m a l l  deposits of crud. 

1 2 5 2 3 4 1  
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The second Hanford Uo;! defect t e s t  element (HD-2) successfully completed 
17 weeks of irradiation. 
being released t o  the coolant. 

Qlly very small mounts of fission products are 

The th i rd  Hanford U@ defect test  element (HD-5) was fabricated for  ir- 
radiation with a heat generation rate  approximately 2-1/2 times that  of 
the present t e s t  element. 

VBWR irradiation of a thin-walled stainless s t ee l  clad 9-rcd cluster U% 
fuel ele-nt continues without incident. 

Hydriding of Zircaloy. 
greater resistance t o  hydriding than does Zircaloy-2. 
comes from an irradiation t e s t  of a seven-rod cluster (GEH-12-20} that  
included purposely defected Wrcaloy-2 and Zircaloy-4 clad fuel rods. 
Post-irradiation examination of a Wrcaloy-4 clad rod, defected at  the 
center with a 0.006 inch diameter hole, revealed less  than 50 ppm hydrogen 
in the cladding near the defect. Barnination of a similarly defected, 
adjacent Wrcaloy-2 clad rod revealed greater than 500 ppm hydrogen. 
pre-irradiation hydrogen concentration in both cladding materials w a s  
about 50 ppm. 
days a t  a maximum surface heat flux of 275,000 Btu/hr-ft2. 
noteworthy that the hydriding of the Zircaloy-2 occurred without the 
presence of fluoride in the U%. 

Zircaloy-4 continues t o  indicate a significantly 
The latest evidence 

The 

The fuel elelPent operated f o r  17.8 equivalent full power 
It is also 

Hot Swaged Fuel Elements. 
hot swaged Zircaloy-clad fuel  rods was achieved using a new method of 

A marked improvement of the surface f in i sh  of 

lubricating. 
water suspension into the die cavity during swaging. 

The technique consists of periodically-spraying a graphite- 

me density t o  which fused Ut& can be hot swaged apparently depends upon 
the characteristics of the particular batch Recently, 
fuel rods containing -60 mesh fused U& fram one batch of material ylelded 
densities, a f t e r  hot swaging, of 87-89$ T.D. 
fused U@ have been hot swaged routinely t o  densities of 93$ T.D. 

of Uo;! being used. 

Other batches of -60 mesh 

Nineteen Zirealoy clad fuel  rods containing -60 mesh fused U Q  were 
successfully hot swaged f o r  assembly into a PRTR fuel  element. 

Nested 'pubular Fuel Elexents. Three W k  11-C PRTR nested tubular fuel  
elements are being assembled. Spacer r i b s  were attached t o  the eight- 
foot long tubes by high frequency resistance (Thermatool) welding, and 
the end caps f a r  the tubular conponents were attached by a double closure 
technique: resistance seam welding and TIG fusion welding. End closures 
were inspected by conventional radiographic techniques, and the spacer 
r ib  welds were inspected ultrasonically. Fused U+ w a s  crushed, sized t o  
achieve uniform high density i n  the central rod and i n  the two fuel  tubes, 
blended a f t e r  vacuum outgassing at  750 C, and vibrationally compacted t o  
approximately 88$ T.D. i n  the tubes, w i t h  excellent reproducibility. 
hkasurements of bulk density during compaction indicate uniform compaction 
of the oxide over the ent i re  length of each tube. Additional Ilr=asuremnts 
w i l l  be =de, using the gamma absorptometer, pr ior  t o  autoclaving and 
final assembly of the elements. - 
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Corrosion and a t e r i a l s  Studies 

Corrosion Evaluation. 
coolant temperature of about 225 C, corrosion was found in several parts 
of the syetem. 
w i t h  l i t h i u m  hydraxide. 
40 ppm chloride and 125  ppm fluoride present as the lithium salt. 
cont-ted coolant had a pH of 10.8 and a conductivity of 666 micromohs. 
B e  oxygen concentration is not known. 
and extent of corrosion has been started. 
system was seriously affected. 

After a short period of operation of the PIER a t  a 

me coolant was deionized water (WO) made up t o  pH 10 
Analysis of the coolant revealed approximately 

This 

An investigation into the cause 
lhly the primary coolant 

The f'uel cladding, in-reactor tubes and other Zircalay components showed 
evidence o f  a crevice attack characteristic of Zi rca loy  corrosion which 
occurs in the presence of fluoride. 
around tne PuAl fuel elenrats showed this corrosion attack most severely. 
Several 10-mil bands were c a q l e t e l y  penetrated in the tight crevlces. 

The unautoclaved Zircaloy bands 

The upper and lower gasket surfaces of the Wrcaloy process tubes showed 
r ings  of white corrosion product where the staiPless s t ee l  gasket ridges 
penetrated the autoclave film. 
inner sp l rs l  of the gasket unless the joint was leaking. 
this attack was anly qualitatively determined on one tube t o  be about 
three t o  five mils. The top-face gasket surfaces w e r e  generally m r e  
severely attacked thah the lower-face surfaces. 
w i l l  be evnmined in more  detai l .  
mechanically penetrated appeared normal t o  the unaided eye. 

This attack was usually confined t o  the 
The depth of 

A tube was removed which 
Mat autoclaved surfaces that w e r e  not 

Several part8 of the type 304 stainlees s tee l  primary s y s t e m  were examined 
for stress corrosion cracking. 
the dye-penetrant test. 
t o  be stress-cracked on the outer three stainless s t ee l  layers. 
gasket was le-, and when the deposit just  outside the gasket was 
analyzed, it w t u  found t o  contain 61s F- and 0.05s C1-. 
to-cap gaskets were found t o  have stress corrosion in the outer layers of 
the stainless steel gasket. 
sion appears in the nozzle-to-cap gaskets. 
gasket from Tube 1144 was cut apart by layers and fluoride contamination 
of the asbestos was found at leas t  out t o  the eighth layer. 
t e s t  on the bottam tube-to-jumper gasket for Tube ll& shared no appreci- 
able fluoride contamhation of the asbestos. 
the primary system have not yet been examined. 

The exanination was made optically or by 
!BE tube-to-nozzle gasket an Tube 1857 was found 

This 

Several nozzle- 

The highest incidence of gasket s t ress  corro- 
However, the tube-to-nozzle 

A similar 

Meny of the gaskets from 

The nozzles from Tubes 1144 and 1552 were cleaned of smearable contamina- 
t ion In 0.5 M diamonium c i t r a t e  and checked f o r  cracks by fluorescent 
dye penetrau:. 
inter ior  cracks were found. Several small manufacturing imperfections 
were found on the outside. The stainless s tee l  pieces are type 304 in 
the as-welded condition. 
suspicious areas on the outside. No cracking was found. 

The jumper from Tube ll& was similarly treated. No 

Four more jumpers were penetrant-tested in 

UNCLASSIFIED 
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An examination of the luwer jumpers revealed that the venturi blocks were 
severely cracked on many of the jumpers (15 t o  20). 
form of inter- and transgranular cracking i n  the vicinity of the welded 
instrument l ines.  
coolant t o  leak out, leaving craters over the cracks. k t a l lu rg ica l  in- 
vestigation of these failures shared cracks radial t o  the welded instru- 
ment f i t t i n g  which proceeded out as intergranular cracks with some trans- 
granular  cracking. "Cramgranular cracks w e r e  also found i n  the vicinity 
of the f i t t i n g  which proceeded inward fromthe outside. 
cracks were frequently associated with severe pi t t ing.  

The inside of the 3/16'' instrument l ine  shared severe rusting. 
strument f i t t ing  was 316 stainless steel. 
deep) were found in  two of three socket welds examined i n  another part  of 
the venturi. Thus, it appears the severe cracking is aSSOci8ted with the 
dead-ended inst-nt line. Visual examination of several other parts-of 
the system did not reveal any gross cracking of 300 series stainless s teel .  

The 400 series stainless s teels  used as valve t r i m ,  pins, and orifices 
showed extensive rusting and cracking. 
(annealed 410) shared severe p i t t ing  snd two cracks. 
have been mechanical i n  origin and are being metallurgically examined. 
Cracking was a l s o  observed i n  several hardened pins used in the primary 
system. However, examination of several unused assemblies a l s o  revealed 
cracked pins. Pin springs made of a hardened stainless s tee l  shared 
some cracking, 

The cracking took the 

Some of the cracks penetrated about 0.3 inch and allowed 

These latter 

The in- 
TWO very minute cracks (0.4 m i l  

A valve shaft from a P-11 valve 
mese cracks could 

The lower or i f ice  plates showed severe rusting. 

The oxygen content of the primary loop during the period when t h i s  corro- 
sion occurred is not known; however, it could have been reduced t o  a very 
low level because of the rapid corrosion which occurred. A low oxygen 
condition would explain the lack of s t ress  corrosion cracks on the in- 
t e r io r  parts of the system that were examined. Even though the venturi 
cracked a t  the instrument l ines from the inside, oxygen may have been 
present fromtrapped a i r  i n  the dead-ended l ine.  

PwlR Activity and Film Studies. 
moved from four  PR!lX nozzle caps, 

Some loose particulate material w a s  re- 
Two different forms of particulate 

matter were found: 
white. 
t o  be gamma Fe2%(or Fe3q)  and LiFe A stainless s tee l  nozzle w a s  removed 
from the PIQR an autoradiographed. The negatives shared radioactivity 
adsorption similar t o  other stainless s tee l  except that  there were several 
longitudinal marks indicating tha t  the fue l  elements may have scraped 
against the nozzle walls at discharge. 

one reddish brown in  color and the other a grayish- 
The results from the x-ray diffraction analyses shared the material 

Process Tube Monitoring - PRTR. 
were visually inspected. 
camera and 55 were examined with an M-2 borescope. 
exhibit localized corrosion at areas where the upper and lower fuel element 
end brackets contact the tube surface. Normally there were two corroded 
areas at  both the upper and lower fuel element end bracket locations. Five 
of the 55 tubes examined w i t h  the borescope had double marks a t  the fuel  

Eighty-four of the process tubes i n  PFU'R 
Thirty-nine tubes were examined w i t h  a Tv 

All tubes examined 
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elementgdbk'dsets which suggests that the fuel element had rotated 
s l ight ly  during operation. 
areas of contact betxeen the sp i ra l  wire wrap of the fuel  element and 
the process tube. 
along one side of the process tube and at axial spacings corresponding 
t o  the pitch of the spiral wrap of the fuel element. 
edge of a spiral corrosion mark v88 normally rather smooth w i t h  a 
sharp edge while the downstre- edge w a s  rough and Fagged. 
discoloration was noted a t  areas opposite the bands on the PuAl fuel 
element. 
be five mils.  

Localized corrosion occurred also a t  the 

Usually these spiral  corrosion marks were located 

The upstream 

Only film 

Depth of the most severely corroded areas is estimated t o  

The PR!CR tube sect los  in ELMD-7 and the single Tube Mockup i n  314 B u i l d -  
ing were both avnrnined t o  compare the extent of localized corrosion in 
these test loops with that observed in PKIIR. 
the lower fuel element end brackets appears t o  be soplewhat congarable 
t o  that ln PEER. 
upper end bracket of the fuel e l a n t  appears t o  be appreciably less  
severe than obeemed Fn ERTR. Ple reasons for this difference are not 
Imawn. The presence of chloride and fluoride ion in the PR!FR primary 
coolant may have contributed t o  the increased severity of corrosion in 
the PRCR process tubes; however, differences in mechanical. vibrations 
in the systems also may influence the variation 1p results. A t  least 
four tubes'- be examined in de ta i l  during each reactor snutaam t o  
maintain a m n t  record of the progress of this localized corrosion. 

The f re t t ing  corrosian a t  

'phe corrosion associated with the spiral wrap and 

A process tube has been discharged f o r  detailed exminaticm incl- 
measurement of localized corrosion, detection of possible hydriding and 
destructive testing. Ekplpmnt for in-reactor measurement of depth of 
penetration by localized corrosion is  designed and should be available 
far use before the next PRZR shutdown. 

Zircaloy Sheath Tub-. During the month 236 low-nickel Zr-4 tubes, 
0.505 inch ID, were inspected; 70 percent of the tubes were found t o  
be acceptable f o r  reactor use. (he hundred and nine low-nickel 2 - 2  
tubes, 0.495 inch ID, we= inspected and 80 percent were acceptable. 
This acceptance rate  is an iqrovement over recent months. Many of 
the acceptable tubes had minor blemishes on the outer surface which 
were removed pr ior  t o  I lnai testing. 
tinues t o  be impressed particles of Zircaloy. About 100 Zr-4 tubes, 
0.680 inch ID, fabricated by w h a t  promises t o  be an improved process 
were received. Testing w i l l  be complete next month. 

The major s m c e  of re jects  con- 

Though several thousand pieces of low-nickel Zr-2 have been produced 
with acceptable corrosion rates as measured by the 400 C steam tes t ,  
the product from W a h  chasg ingots IC and M have given questionable and 
er ra t ic  results.  Duplicate samples of tubing fabricated from ingot M 
were distributed t o  NUMEC, Babcock and Wilcox, W a h  Chang, and HAP0 f o r  
comparative corrosion tes t s .  
14 days in 400 C, 1500 psi steam. 

The following results were reported after 
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Laboratorv 

Babcock & Wilcox 

NUMEC 

HAP0 

w8h ChEng 

Weight Gain Surface Appearance 
mg/w 

30 t o  160 

24 t o  45 

Black with heavy grey streaks. 

A l l  l igh t  t o  moderate grey streaks. 

25 to 26 Black lustrous surface (two sanrples 
had one w h i t e  spot each). 

25 t o  30 Black lustrous surface. 

The HAP0 t e s t s  were performed i n  a refreshed autoclave and the others in 
s t a t i c  autoclaves. Other t e s t s  on t h i s  material a t  HAP0 have shown 
occasionally rejectable surface appearance. 
from these results: (1) the material has questionable corrosion resist- 
ance aad should be used f o r  short exposure fuel  only, and (2) many of 
the variables affecting'the corrosion of zirconium a l l o y s  i n  steam are 
not well understood. 

Two conclusions are drawn 

Non-Destructive Testing of Wrcaloy Sheath Tubing. 
operative Program on Nan-Destructive Testing of Sheath Tubing was begun 
t h i s  month. 

The USAEC-AEZL Co- 

To compare the response of the existing ultrasonic equipment t o  defects 
on the inside and outside surfaces of WrcaLoy sheath tubing, grooves of 
the same depth and orientation were machined i n  the inner and outer 
surfaces of 10-inch long sections with the Rec t ro j e t  spark machining 
unit. 
oriented paralleled, perpendicular and 45 degrees t o  the tube axis. 
techniques are being developed t o  reduce the width of the grooves. 

Defects one and three mils deep were machined. The grooves were 
New 

U s i n g  these calibrating standards, work w a s  in i t ia ted  t o  choose the best 
crystal  and operating frequency. Preliminary results indicate that the  
l ine  focused crystal  w i l l  be best f o r  transverse defects. More than one 
crystal  may be required t o  detect cracks of a l l  orientations i n  the tube 
w a l l .  

Thermal Decomposition of Freon-22. Water adjusted t o  pH 10 w i t h  LiOH 
was exposed t o  frean-22 at 100 ps i  par t ia l  pressure during a heating- 
cooling cycle. The water temperature was raised t o  225 C over EL period 
of one hour, held at  tha t  temperature fo r  15  minutes and cooled t o  room 
temperature i n  four hours. 
Considerable hydrolysis took place, resulting i n  about 5000 ppm each of 
chloride and fluoride i n  the water. The pH dropped from pE 10 t o  about 
pH 2. 
attacked the stainless s tee l  autoclave. 

The freon was  quite soluble in the water. 

The resulting hydrochloric and hydrofluoric acids severely 

The fu l ly  saturated freons are probably more stable than freon-22, but 
none were tested. Since freon-22 is  very unstable i n  the presence of 
pH 10 LiOH at  225 C, it should be used with extreme caution whenever 
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contamination of reactor water is possible. The use of heliumlea,k check- 
ing of atainLess steel - Zircaloy systems appears preferable to the use of 
frean, since no potential chloride or fluoride ion contamination is possible. 

Solubility of ikrcury in Water. Mercury is very slightly soluble in water 
with the oxygen content of the water being an important variable in the 
extent of mercury solubility. 
UOH saturated at room temperature with txcygen, the mercury solubility was 
7 ppm. When the oxygen content was reduced by spsrging wlth hydrogen, the 
mercury solubility at roam temperature dropped to 9.19 ppm for pH 10 U O H  
and 0.16 ppm for deionized water. 

When liquid mercury was shaken with pH 10 

&rcury-saturated aanples of deianized water were  passed through separate 
cation and anion ion exchangers, and the mercury-saturated pH 10 cia was  
passed thraugh sepsrate anion, cation, sad mixed bed (Li form) ion ex-. 
change resins. A l l  of the resins, regsrdless of type, reduced the mercury 
concentration to 0.02 to 0.05 ppm fo r  both pH 10 LiOH and deionized water. 
Since the solubility o f  liquid mrcury in deaerated water is reported to 
be 0.02 gpsn, it would appear the resins removed various ionized mercury 
species but were not effective in removing the non-ionized soluble ~ r c u r y .  

High !MfQ erature Oxidation of Zircelay-2. 
of Zircaloy-2 in the temperature range 6bO to 900 C in dried oxygen is 

The detailed oxidation behavior 

be* investigated. Distinct cyclic behavior is observed. The end of 
the first, second, spd third cycles occur at t W s  given by relationships 
of the form 

logt = A T + B  

where t is the time, T is temperature, and A and B are parameters. 
weight gains (or film thicknesses) at the cycle termiastians exhibit a 
ccxplex, unpredictable temperature dependence. 

The 

Corrosion of Stainless Steels in Supercritical Water. 
&30, 4% ,W6 stainless steel8 along with ASTM grade 212B carbon steel 

W l e s  of 304, 

are! presently being corrosion-tested in the new supercritical autoclave 
facility. 
corrosion in the supercritical temperature raage will eventually be de- 
termined. 

lzle effects of various steam pressures on stainless steel 

Following 14 dam of exposure at 550 C, 1000 psi, in air-saturated steam, 
corrosion of the various a l l oys  appears to be related to the chromium 
content. The penetration of 406 stainless steel a l l o y  with 13% chromium 
w a s  0.35 mil as campared to 0.007 m i l  for 446 stainless steel with 27% 
chramium. 
and 0.29 mil, respectively. 
mils for the s a n ~  exposure period. 
at 30 days, various n icke l  base alloys xi11 also be tested. 

The penetrations of 304 and 430 stainless steels were 0.26 
The penetration of ASTM grade 2 B  was 1.25 

Following the completion of this test 

Pu-A1 Rupture Test. 
termine the buildup of rupture products in the coolant fo1luwin.g a Pu-A1 
fuel element rupture. 

Atest was run in the GEH 3x3 loop in the Gm( to de- 

The test was rw1 f o r  approxhately two days, and 

UIJcLASSIFrn 
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only small amounts of rupture products were released t o  the coolant, 
indicating a very low corrosion rate  of the element i n  the 500 F, pH 10 
coolant. 
rupture t e s t  of an irradiated fuel  element performed i n  IRP last month. 
Radiochemical analyses are being performed t o  detennine the cancentra- 
tions of various isotopes i n  the coolant as a function of t i m e  a f t e r  the 
fuel element was ruptured. 

This lar corrosion rate  had been noted in  the ex-reactor 

Fretting Tests of PBTB Puel Assemblies. The U% wire-wrapped, PKlTR fuel 
elenrent and PKllR process tube were discharged fromthe -7 loop a f t e r  
seven weeks of continuous exposure in 300 C high purity, deionized water 
with pH adjusted t o  10.0 with LiOH. 
intervals had indicated that the fret ted areas i n  the process tube could 
not be realigned w i t h  the fuel element supports so that new fret ted areas 
were initiated after each discharge. The object of t h i s  t e s t  was  t o  de- 
termine w h a t  effect increased exposure time had on tne aepth of f re t t ing.  
V i s u a l  observation indicated that the depth of f re t t ing  a f t e r  seven weeks 
i n  tne process tube was not greatly different fromthe depth observed 
m e r  two weeks of exposure (1-4 mils deep). The width and length of 
the fret ted areas correspomiea t o  m e  width and length of the contact 
area on the fuel  element supports. 
element supports and on some areas of the outer w i r e  wrapping where it 
contacted the process tube. 

Previous examinations a t  two-week 

Fretting was also found on the fuel 

Radiometallurgical Examinations. 
during the irradiation of GEH-10-8, a three-foot long, vibrationally 

L i t t l e  chsnge occurred i n  the U% fuel  

compacted, seven-rod cluster. 
placed in the c e l l  t o  dissolve the outer aluminum w a l l  from nine 2 - 2  
clad U% fuel capsules t o  f ac i l i t a t e  f iss ion gas collection wi th  the 
lamprey unit. 

A caustic dissolver was fabricated and ' 

The System U(&-Pu(& 

Efforts during the past month have been spent on completing the U@-Pu@ 
mel t ing  work. 
t i n  HW-69832. 
compositions are l i s t ed  in the following table. 

The data have been summarized and w i l l  be reported shortly 
x-ray data from recent melting experiments on u@-Pu% 

Predicted Observed 
sample Composition P a r a t e r  Parameter 

c64- 5 
c64-5 
~64-6  
c72-1 
C69-4 
m6-2 
c67-3 
~76-I. 

5.403 A 

5.414 
5.414 

5 0403 

5.440 
5 *451 

5 465 
5.461 

5.415 0.004 A 
5.414 ; 0.006 
5.411 i 0.001 
5.4223- O.OOd, 
5.451 IO.001 
5.4567; 0.0005 

5.4684' 0.0007 
5.468 - 0.002 
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!&ere were no indications of plutonium sub-oxide phase, but it cari be see= 
that for  all congositions the melted l a t t i c e  parsmeters are s l ight ly  greater 
than an t ima ted .  
parallels Vegard's Law l ine  f o r  UOpPuOp, but with a 0.2 percent upward 
displacemnt. 
sion, nanaely a loss  of plutonium or a loss of oxygen during melting. 
the U@-40 Pu@ composition i s  considered, extrapolation of the melted 
l a t t i c e  p-ter t o  Vegard's l ine  would indicate a melted composition 
of UO2-25 Pu@, which is a considerable plutonium loss .  
of t h i s  campoeition gave 36.w puo2 in the melted sample, and it thus 
appears that the l a t t i c e  expansion is due t o  an oxygen evolution. 
puo2 content is s t i l l  s l ight ly  below 40 percent, however, and additional 
experinrents t o  determine whether preferential vaporization of' Pu from UOp 
Pue OCCUTS at  high temperatures are planned. From the data reported last 
month, it is presently postulated that the compound P u 4  62, which is iso- 
s t r u c t u d  with U%, is formed during melting and then f&ms a complete 
series of solid solutions with UQ. 
needs t o  be cl-led by additional work. 

When plotted, these data f a l l  on a straight l ine  which 

There are two possible explanations fo r  the l a t t i c e  ,?-an- 
If 

Chemical analyses 

The 

What occurs a t  U% rich compositions 

pltrtonium Carbides 

The majority of the 39 arc-melted PuC alloys used in determination of the 
Arc composition limits we= analyzed for carbon during the past month. 
The technique consisted of heating the sample in flowing oxygen and col- 
lecting the Co;! formed in ascarite. 
about two a/o less  than that calculated an making IQ the alloys. 
x-ray data reported previously are plotted versus these carbon contents, 
the PuC phase appears t o  exis t  over the range 42 t o  48.5 a/o C. 
photograppS below 42 a/o C yield some unindexed l ines which may be due t o  
the zeta phase reported by LML. 
presence of zeta are in progress. 

In general, the carbon contents were 
When the 

Debye 

Additional experiments t o  confirm the 

Plutonium Silicides 

The majority of the past xwnth was spent obtaining powder diffraction data. 
mor t o  loading the glass capillaries w i t h  the pyrophoric s i l i c ides ,  they 
are evacuated and f i l l e d  with argon. Data obtained indicate that a mixture 
of phases, yet unidentified, is the consequence of arc-melting solid alpha- 
plutonium apd compacted sil icon powder. Effort has been directed toward 
the synthesizing of a single phase product, having the composition Pu2Si3. 
Evidently the stoichiometric balance of the reaction is disturbed by the 
arc, vaporizing one o r  both of the reactants before a reaction can occur. 
Chemical analysis of these products has been requested but not yet received. 
Photomicrographs have been taken of two arc-melted specimens near the com- 
position Pu2Si3. These appear t o  canfirm the existence of a multi-phased 
product. 

During the next reporting period alpha plutonium powder and powdered 
Silicon wil l  be mixed and compacted Tor subsequent arc-El t ing.  
m r e  intimate contact of the reactants may minimize the loss of e i ther  
component and tend t o  maintain stoichiometry. 

This 
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Fuel Evaluation 

A- 37 

An irradiated capsule (GEE-14-193) containing high energy ixrxpact formed U% 
was metallographically examined. 
or  radial cracks i n  th i s  fuel  material. 
observed in  the outennost portion of the large columnar grab region. 
general, the grain growth patterns and extent of in-reactor sintering of 
this fuel  were similar t o  those observed i n  other forms of U@ a f te r  irradi- 
ation. 

There were surprisingly few circumferential 
An essentially void-free band was 

In 

Fis8ion gases from this fuel were l o s t  through cracks in  the Zircaloy clad- 
ding. 
sule was shrunk-fit pr ior  t o  irradiation, was dissolved t o  f ac i l i t a t e  
radionaetallurgical examination. 
cladding of several other capsules processed in a smlar mesner. 
have not been found in capsules which were not subjected t o  the dissolution 
step. The cause of these cracks has not been determined. 

Single crystals of U% (0.35" x 0.35" x 0.055") are being irradiated in the 
EPR core. 
the effects of irradiation an the Uo;! l a t t i ce .  

Capsules containing non-stoichiometric U% (O/U ra t ios  between 1.93 and 
1.98) are being irradiated i n  the MllR core. 

Hot swaged Wrcaloy-clad UC& was successfully irradiated in  the KFR. 
four-rod cluster element (GEH-4-60) attained an exposure of 550 MJD 5, 

The cracks were revealed when the aluminum can, into which the cap- 

Cracks have also been found in the Zircaloy 
They 

This irradiation t e s t  w i l l  provide basic information concerning 

The 

with a maximum surface heat flux of approximately 320,000 Btu/hr-ft h . 
A Th%-U% fuel  mixture was successfully irradiated in the MIIR. 
element (GEH-4-61) operated for  approximately 15 equivalent f u l l  parer days 
with a maximum surface heat flux of 580,000 B t u / h r - f t 2 .  The stainless 
s tee l  clad element was a single rod, 1.1 inches CX) and 12 inches long. 
The fuel,  which contained 10 w/o Th% + 90 w/o U@ enriched t o  1.38 w/o 
U-235 in U, was vibrationally compacted t o  86$ T.D. A second, similar 

86 w/o Tho;! + 14 w/o Uo;! enriched t o  10 w/o U-235 in U. 

The t e s t  

R element (GEE-4-65) is  being irradiated. The fuel  i n  t h i s  elemnt is 

ht e r i a l  s 

The microstructure of fused U% containing inclusions w a s  homogenized 
remarkably by annealing i n  dry hydrogen four hours a t  1700 C, as suggested 
by Dr. Rough of BKt. Inclusions 0.06 mm in diameter before annealing dis- 
appeared, leaving voids 0.006 PPP in disnreter or smaller. 
exhibit etching behavior similar t o  uranium metal inclusions i n  fused U@ 
identified by G. R. Cole of SHL with the aid of an electron microprobe 
analyzer. 

The inclusions 
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Spherical fused UQ single crystals were provided fo r  several European 
sites through Euratom. 
fusion rates of f iss ion gases in U%. 
hydrogen at 1700 C t o  relieve stresses and insure stoichiametry before' 
p i n d i n g  them into spheres, and were analyzed individually f o r  micro- 
stnrcture, O/U ra t io ,  density and purity. 
spheres were between 0.25 and 0.10 inch. 
fabricated froan electrodepoaited U% crystals and fromhigh energy 
impact ro- UOi. 

Ileac t or S w a t  ion Experiments 

A serles of three specimtns x88 tested under conditions which appear t o  
simulate in-reactor t h e m  hydraulic conditions. 
were four-inch segments of swaged PLCPR Are1 rods centrally heated t o  ob- 
tain surface heat fluxes between 0 and 310,000 Btu/hr-ft2. 

The crystals will be used f o r  measuring dif-  
The crystals were annealed in 

Dismtters of the finished 
Spherlcal specimens were also 

The t e s t  specimens 

!Fw of the specinms were heated continuausly from room temperature t o  
the temperature at which the tungsten heater E l t e d ,  which corresponded 
t o  8 maximum beat flux of 200,000 Btu/hr-ft*.  Sections of these speci- 
m e o ~  showed Uo;! sintering and grain grarth conparable t o  that observed 
in scam irradiated fuel cores. The extent of grain growth indicated a 
mrwlnnrm fuel temperature between 2000 and 2500 C. 

A third capsule was operated at 180,000 Btu/hr-ftZ fo r  30 minutes, after 
en i n l t i a l  abrupt increase t o  192,000 Btu/hr-ft2, corresponding t o  a 
nuaxhum tungsten temperature of 3400 C. The heat input was then in- 
creased u n t i l  the tungsten again reached 3400 C. The second temperature 
meximum occurred at  a heat f lux  of 3lO,oOO Btu, indicating-that the 
"smeared" thermal conductivity had increased significantly (an estimated 
&$), presumably because of sintering and ra in growth w h i c h  occurred 
during the 30 minutes at  180,000 B t u / h r - f t  8 . 
ELectron Microscopy 

Two general methods fo r  photographic correction of image distortion pro- 
duced i n  reflection electron micrographs were investigated. 
t i l ted image or  object planes in the normal photographic enlarger arrange- 
mept gives suitable correction but requires a very long depth of f i e l d  t o  
give sufficient image quality. The use of two crossed cylindrical lenses 
appropriately spaced appears more promising, on the basis of initial 
experiments. 

A hot stsge for  use in the electron microscope w a s  successfully heated 
t o  2000 C while observing behavior of a s q l e  of Uq2 deposited on a 
thin supporting carbon film laid on a tungsten grid. The sample was 
observed t o  recrystall ize at an increasing rate  as the temperature was 
raised, until rapid melting occurred. 
havior were reminiscent of those observed with the high temperature optical 
microscape. A series of micrographs and electron diffraction patterns was 
taken for  further study and evaluation. 
power input t o  the resistance heater spec-n gr id  are considered accurate 
t o  about 2 100 C. 

Use of 

C r y s t a l  patterns and xm?lting be- 

Temperatures determined from 

1 2 5 2 3 5 1  



UN-DIED A- 39 HW- 70165 

4. 

conductivity of uo2 
Initial the& conductivity, "L", measurements of single crystal U% were 
completed at BMI. Although conrparison with polycrystalline material shows 
nearly identical thermal conductivities at room temperature, "k" for 
single crys ta l  U% is 5 6  greater at 800 C. 
radiated sintered U% "k" curves are nearly parallel, approaching zero 
slope at 800 C. 

A curve of thermal conductivity versus teqerature in the range 0 - 600 C 
was defined for irradiated sintered U% (0.06 a/o burnup, 1.45 x 1020 nvt). 
Annealing behavior was similar to that of previous saqles of lesser ir- 
radiation exposures. 
ductivity at 600 C. Longer irradiations (constant nv) appear to produce 
more damage of the type annealed out at less than 200 C, but little dif- 
ference in the ''permanent" damage. 
damage decreases with increasing irradiation time at constant flux. 

Single crystal U& and ir- 

All specimens had essentially the same thermal con- 

Annealing temperature of the "temporary" 

Thermal conductivity of isostatically pressed disc specimens was appreci- 
ably higher than that of extruded rods at temperatures to 1000 C. 
irradiated samples (fabricated by isostatic pressing, die pressing or 
extrusion) appeared to approach a common thermal conductivity value at 
8b0ut 1400 C. 

All non- 

Electrical conductivity of irradiated sintered U was measured to 900 C 

temperature the respective conductivities were l/5 and 1/10 that of non- 
irradiated U% of similar density. 
(higher) value at 900 C, but relative differences reappeared upon cooling. 
Absolute values of all samples were appreciably higher after the heating 
and cooling cycle. 

on specdns irradiated to 1.16 x 1019 nvt and 3. % x 1019 nvt. A t  r o o m  

All samples approached a common 

Recent data from oalr Ridge do not agree. 

BASIC SWELLING PROGRAM 

Irradiation Program 

At the present time two capsules (Nos. 7 and 8), each containing three, 
hoUow, split, uranium cylinders, are being irradiated at constant 
temperatures of 525 C and 575 C, respectively. Simultaneously, two 
laboratory capsules containing specinens identical to their in-reactor 
counterparts are being annealed at teqeratures identical to the irradi- 
ation temperature of the in-reactor capsules. In-reactor capsule No. 9 
is now completed and is being bench tested. 
are being assembled simultaneously for future irradiation. The two un- 
monitored NU-filled capsules, GEH-14-281 and 282, each containing a pre- 
characterized U-U diffusion specimen, have been discharged from the MITR 
and are being shipped to Radiometallurgy for examination. 

Four additional capsules 

UNCLASSIFIED 
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Post-Irradiation -tion 

Radimtal lurgical  examination of the spec-ns from capsules 4, 5, and 6 
has continued, and a few replicas have been studied in  the electron micro- 
scope. More replicas have been received sad are in process. The pre- 
liminary exandnation of replicas from a sphere irradiated a t  a volume 
average temperature of 615 C t o  0.3 a/o burnup revealed a uniform dis- 
persion of pores having a size range of 0.2 t o  3.0 microns. By fa r  the 
greater number of pores are less  than 0.5 microns in di-ter. 
no quanti-tative messurements have yet been made, there appears t o  be no 
difference in ei ther  the size or the number of pores from the center t o  
the edge of the specimen. 
revealed no difference in pore size and nuiber. This suggests that  the 
fission gsees do not diffuse from existing pores t o  cracks, and hence t o  
the environmnt. However, the cxacks may have been formed subsequent t o  
the high temperature irradiation, perhaps during handling in Radiametal- 
lurgy. 
well-defined grain structure that did not merkedly d i f f e r  from the pre- 
irradiation structure. This is in sharp contrast, of course, t o  the 
severely worked structure that is obtained when irradlating uranium a t  
lower tenperatures. For example, the CEH-14-36 sample, discussed last 
nunth, that had been irradiated at  less  than 150 C t o  a burn* of 0.26 
a/o in the WIR showed profuae swirled twinning and lineage structure. 
Further examhatian of this low temperature s-le has revealed the 
presence of a few scattered pores 1000 A in dismeter in the core of the 
sample. 

Although 

Ekamination of areas in the vlcinity of cracks 

Examination of the speclmen with the l ight  microscope showed a 

This agrees with the change in density that was observed. 

Pore Size and Distribution 

Optical and electron microscopy are be- used as a direct  means for  de- 
tehdnirag the size and distribution of pores in irradiated uranium. 
fractions have been determined by the point count technique from optical 
micrographs fo r  a sample of uranium having a burnup of 0.41 a/o and sub- 
jected t o  post-irradiation annealing temperatures of 600, 650, 700, and 
880 C fo r  one and one-hundred hours. The values obtained are inconsistent 
with observed density chsnges as w e l l  as void fraction determinations made 
from electron micrographs. Further analysis of the data is required t o  
establish the applicabili ty of this  technique toward determining void 
fraction from optical micrographs. 

Void 

Comparison of Ih-Reactor and --Reactor Swelling 

The swelling that occurred in uranium spheres during irradiation in con- 
trolled teqerature capsules has been compared witn the swelling associ- 
ated with the high temperature irradiation of clad rods in themcoupled, 
N8K-filled capsules, and that associated w i t h  the long-time post- 
irradiation annealing of uranium that had been irradiated i n  a high 
pressure, high temperature, water loop. The data from the spheres f a l l  
on the temperature-swehing curve that had previously been derived from 
an analysis of the other trJo experirPents. This corroborates the previ- 
ously advanced concept that there may exis t  a much closer corresponaence 
oetween in-reactor and ex-reactor temperature effects man bas hitherto 
been thought t o  be the case. 

UNCLASSIFIr ;U 
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Fission Product b b i l i t y  

Two approaches are currently being pursued t o  determine the mobility of 
inert  gas i n  uraniwm. 
into uraniumby cathodic glow discharge. In the second, U-U diffusion 
couples are being studied that have fission products in one portion of 
the couple, but none, or very few, in the other. 
diff'usian couples has been completed. The specimens are 1/2" thick by 
1/2" diameter disks cut from an extrusion that has a core of depleted 
uranium (0.15s U-235) and a shel l  of enriched uranium (3.@ U-235). 
The shel l  was irradiated t o  8 calculated burnup of 0.3 a/o while the core 
acc-ated 0.015 a/o burnup. 
irradiated and after annealing by hardness and quantitative netallography. 
Uranium foil was shaped into a cylinder and subjected t o  "glow discharge" 
in two mm of krypton fo r  about a day. 
into eight sections and the krypton gas evolution characteristics of the 
sections examined by heating t o  above the melting point while continuously 
monitoring the gas evolved w i t h  a mass spectrometer. Surprisingly, the 
behavior of the sections of the cylinder was quite similar t o  tha t  of the 
disks discussed previously, i.e., a peak occurred in  the evolution rate  
in 300-500 C temperature range sad a second peak a t  the rPelting point. 
The "glow discharge" work is  being interrupted in order t o  build a new 
f a c i l i t y  and t o  redirect some of the effor t  t o  other phases of the 
progrem. 

In the first, krypton gas is being introduced 

Irradiation of the 

The specimens w i l l  be examined as- 

After the glow, the f o i l  was cut 

Restrained Irradiations 

Swelling experiments of Zircaloy-2 clad uranium fuel  rods with selected 
uraniumtemperatures, cladding thicknesses, and burnup are being con- 
ducted employing HaK-f i l l e d  temperature-manitored capsules. !Three more 
capsules, GEH-14-98, 14-104, and 14-105, have been opened. Q l y  one rod 
of the six taken from the capsules survived the  irradiation wi th  no 
apparent cladding damage. 
end caps missing and are so badly distorted that  dimensional measurements 
cannot be made on all of them. 
made on the two rods from 14-105. 
the rods and cutting for  metallography, burnup, and density has been 
started. 
14-98, 14-104, and 14-105 are respectively 0.43, 0.56, 0.62 a/o and 600 C, 
700 C y  and 375 C. 

The remining five have cladding splits and 

Length and diameter measurements w i l l  be 
Macro-photography is complete on a l l  

Burnups and estimated maximum outer uranium temperatures f o r  

5 .  IN-REACTOR - OF MECHANICAL PRoPExrIEs 

In-Reactor Creep bkasurements 

Two second generation capsules are now operating i n  the  reactor a t  
temperatures of 350 and 460 C. The stress has not been applied t o  
e i ther  specimen. 
tested simultaneous with the capsule startup. 
suffered the usual failures and malfunctions associated with new equip- 
ment. 

- 

The control and recording instrumntation is  being 
The i n s t m n t a t i o n  has 

A capacitor shorted on a controller t o  one capsule heater c i rcui t ,  
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a a m l l  transfonaer burned out in a magnetic q l i f i e r  and the data re- 
cording pr inter  shorted completely. 
has been returned t o  the manufacturer's plant for  warranty replacement. 
Test starhzp I s  not possible until thls unit is returned. 
one capsule I s  at temperature and the mechanical transducer is being 
checked for accuracy as a Rmctian of temperature and radiation w i t h  no 
stress an the specimen. 
behavior, and power is now being applied t o  the heaters t o  a t ta in  a level 
temperature, the final step before the creep t e s t  begins. 

The ent i re  data recording system 

In the interim 

The other capsule has been checked f o r  extensom?ter 

A visit t o  the vendor's plant was made t o  observe the final aased ly  of 
three of the six capsules being constructed. No significant changes or 
nmdificstiom in procedure w e r e  requested. 
schedule, and three capsules will be ready f o r  delivery this month. In  
addition t o  the calculations that have been made f o r  the thermal behavior 
of the new cqsules ,  a laboratory mockup is being weembled t o  determine 
the tbarappl characteristics In the laboratory. .small heaters are being 
iMerted In the w e .  
Vsight of the ctxnponoat t o  duplicate, as closely as possible, the gama 
heating effect .  The laboratory mockup is using the same camponents and 
mmterials, w i t h  the exception of the simulated gamna heaters, that are 
used in the assembly of an in-reactor capsule. 
mOl.-larp I s  t o  more accurately define the heat transfer parameters In the 
capsule. 

Work wem proceeding on 

These are proportional in power rating t o  the 

Thc purpose of the thermal 

Laboratory calibratiose are now being perfonned on the multiple-range 
variable permeance transducers used in the second generation capsules. 
R'eliminary calibrations, mede before the capsules were charged, indi- 
cated considerable thermal dr i f t  in the transducers, particularly when 
one range was correlated with another range. 
confirlh this, but also show that the effect can be greatly minimized if 
each m e  of the t m d u c e r  I s  considered as an independent and separate 
trarreducer. A very real d i f f icu l ty  with the multi-range transducers is 
their early failure when interrogated continuously. Interogatlon has t o  
be lfmited t o  a half minute duration no oftener than every five minutes. 
These nnalti-ranged transducers wi l l  not be used in the new series of 
cspaules. 
permeance transducer as par t  of the independent e lectr ical  system in the 
electro-mechanical system. 

The later calibrations now 

The new capsules contain a single range, lar impedence, variable 

Pre-Inadlation b t e r i a f  Characterization 

Activation energies fo r  creep of annealed 
and pre-determined strain rates of 1 x 10' /dn and 2 x 10- /min were 
found. The values observed were 21,500 cal/mole and l(, j00 cal/mole, 
respectively. 
creep strain has been developed for annealed Wrcaloy-2 i n  the 50 t o  200 C 
temperature range. 

rcaloy-2 a t  50 , 25,000 p s i ,  
' P E 

A short time relationship between time, temperature, and 

Equations of the form 
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where T = t i m e  
A, 6 , C, B C O m t 8 I L t S  

g = t o t a l  creep s t ra in  

can be used t o  predict the creep i n  annealed Zircaloy-2 for  tims up t o  
six hours a t  relatively high stresses. 
t o  periods longer than six hours, but might possibly be val id  over the 
ent i re  creep curve. The effect of stress has not yet been determined. 

The relationship was not extended 

6. GAS-GRApHITESTUDm 

EGCR Combustion Hazard Evaluation 

Experimnts were conducted i n  the EGCR combustion prototype t o  t e s t  un- 
coated graphite sleeves under a series of credible depressurization 
accident conditions. 
temperature, and after-heat decay for  the following conditione are dupk 

Reactor a i r  f low,  in le t  a i r  temperature, moderator 

l i cked :  

1. 

2. 

3. 

&actor a i r  flaw - 40,000 lb/hr 
I?hnr?nal air flow - 186 lb/hr 
Moderator temperature - 1095 F. 
Reactor air flaw - 85,000 lb/hr 
Channel air flaw - 394 lb/hr 
U e r a t o r  temperature - 1095 F. 
Reactor a i r  f low - 63,000 lb/hr 
Channel a i r  flow - 287 lb/hr 
M e r a t o r  temperature - 1200 F. 

With an in l e t  air temperature of 700 F, the fuel channel cooled under each 
se t  of conditions and no self-sustained burn- occurred. 

Further tests were run w i t h  both coated and uncoated fuel  sleeves a t  higher 
temperatures t o  determine conditions which would in i t i a t e  self-sustained 
combustion. 
assembly when moderator temperatures reached 1310 F w i t h  uncoated graphite 
fuel  sleeves and 1370 F with si l icon carbide coated sleeves. 

With 287 lb/hr channel flow, combustion occurred i n  the 

EGCR Graphite Irradiation 

The H-3-2 capsule containing EGCR graphite w a s  successfully removed from bhe 
GEllR and disassembled during the week of June 5 .  All samples appeared t o  be 
in excellent condition, and they are now being measured. 
posure received by the samples located at reactor midplane now to ta l s  
approximately 40,000 EGCR IWD/AT. 
recovered and are being counted. 
assembly of the H-3-3 capsule. 
the H - 3 - 2  capsule for  further irradiation, four  samples from the H - 3 - 1  
capsule f o r  further irradiation, and two new samples. 
stal led in  the GETR during the week of July 10. 

The maximum ex- 

All f l u  monitors in  the capsule were 
Preparations are under way for immediate 

This capsule w i l l  contain 18 samples from 

H-3-3 w i l l  be in- 

UNCLASSIFIED 
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A flux rmnitor capsule is being irradiated in the E-7 position of the GETR 
during the current cycle while the H-3 capsule is aut. 
add t o  the general understanding of the GETR flux as well as provide 
specific information fo r  the EGCR graphite irradiations. 

The monitors should 

a-Beactor Graphite C r e e p  

Five test assemblies containing graphite samples under a 150 p s i  compres- 
sive s3ress have been reassembled and are ready for recharging when the 
300 psi assemblies are discharged during the next reactor outage. 
150 psi ex-reactor samples have been measured fo r  length changes during the 
constant temgersture loading end the results are being analyzed. 
pel ax-reactor assemblies have been constructed and are being tested at the 
present tim. 

The 

Five 300 

The ahanp.es in a spacing and La, which occarred during the irradiation, do 
not seem t o  be -=uenced by the applied loads. 
x-ray lpcasuremepts w i l l  not be made on the compression t e s t  samples. 

In the future, routine 

EIicrowave Activation of Nitrogen Gas 

The intensity of the microwave glow discharge i n  N2 versus the gas pressure 
has been measured by a photocell. Ninety t o  one hundred percent of maxbmm 
intensity is observed throughout the pressure range 100 t o  4OOp of Hg. 
The peak intensity occurs a t  approximately 250 y Hg. 

' Gas-Graphite Reactions 

The use of H2 as a coolant for  high temperature, graphite-moderated re- 
actors has been considered. 
atmospheric pressure and 800 C wou ld  contain about S$ Caq, while a t  
temperatures above lo00 C, there! would be less  than l$ f o m d ;  however, 
the effects of in-pile irradiation and pressure are uncertain. 
several quartz capsules containing H2-graphite and H2-q-graphite mixtures 
in the pressure range 20 t o  400 ps i  were prepared f o r  reactor irradiation. 

An equilibrium s y s t e m  of *-graphite a t  

Accordingly, 

It appears tha t  If2 is a compatible coolant with graphite, although there 
is  a possibil i ty that HCX w a d  be formed i n  the presence of EQ. Conse- 
quently, sealed capsules were prepared for  irradiation containing N2- 
graphite and HpN2-graphite in the  press- range 80 t o  400 ps i .  

To investigate the effect  of pressure on the polymerization of CO, three 
sealed capsules of CO-graphite a t  20, 40, and 200 ps i ,  respectively, were 
prepared for  reactor irradiation. High pressures of these gases and gas 
mixtures were attained by condensation at l iquid helium temperature. 

Gas Loop ProJect Menag elnent and Design (Project CAB-822) 

Gas loop construction is approximately 89$ complete versus 975 scheduled 
predicted t o  June 30, 1961. 
the in-reactor section is installed,  which is  contingent upon successful 
completion of the blower tes t ing by the vendor, Bristol-Siddeley. 

Construction w i l l  be limited t o  92$ until 

The 
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J. A. Jones instal la t ion work is 86$ complete versus go$ scheduled (the 
work has been supplemented by the addition of piping insulation, emer- 
gency gas additim, control room lighting, and necessary installation 
work not included i n  the original package). The NaK heater, which w a s  
modified t o  reduce the NaK t o  an amount compatible with the maximum 
allowable reactor c o n t a i m n t  pressure, has been re-installed, and all 
Hastelloy-X welds on the equipment package have bean completed. 
testing of the piping and equipment t r i a l s  are in progress. 

Pressure 

IZK s tee l  shielding has been completed by Pacific Car and Foundry and 
shipped. The six, one and one-half 
ton sample casks are scheduled for  delivery before the end of the month. 

Tota l  weight was 136,000 pounds. 

Fabrication of the prototype in-reactor t e s t  section, which w i l l  be 
tested with the temporary blower in B Cell a t  rated temperature of 
l5OO F, is complete except for  instal la t ion of thermocouples which have 
not yet arrived. 

Component Test-. 
loop B Cell t e s t  assembly has been completed and radiographed and is ready 
fo r  Installation in B Cell. 
reactor use is  complete, and the welds are ready for  radiography. 
pletion of the sleeve fo r  use in the B Cell aid in-reactor pressure tubes 
has been delayed pending receipt of thermocouples. 

Repair of the pressure tube assembly f o r  the gas cooled 

Fabrication of the pressure tube fo r  in- 
Com- 

A l l  Hastelloy-X and stainless raaterial t o  be used in the nozzle support 
assembly has been received. 

Electron Microscmy 

Replicas prepared from polished graphite samples which have been cathodi- 
cally etched normally show systems of grooves. 
occur between the grooves in which structural  detai ls  are not evident. 
A cheaca l  etch (potassium dichromate-phosphoric acid) simply widens the 
grooves without revealing more detai l .  
850 C in flowing helium containing 125 ppm water) a f t e r  the cathodic 
etching revealed s m a l l  grooves i n  the regions between cathodically etched 
grooves. The structure in these regions was paral le l  t o  that revealed by 

during oxidation. No weight loss  was detectable. 
ana examination of identical areas w i l l  be continued t o  determine the 
amoullt of treatment required t o  develop structural  detai ls  more clearly. 

Relatively f l a t  regions 

Oxidation by a gas (one hour a t  

' cathodic etching. The sample w a s  suspended from a semi-microbalance 
Oxidation of the sample 

8. ATIVMCE EVALUATIO[EI STUDIXS 

COI'LCeptual Design - Fuel Element Fabrication plant 

The f ina l  draft  of Part 111, "Design Study of plants f o r  Plutonium-Enriched 
Fuel," has been completed and transmitted for  approval. 
plant and equipmnt costs have been received from Estimating Operation, and 

Information on 
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the final part of this study, "Estimates of Capital Costs of Plants; 
Estimates of Costs of Completed Fuel Elements," is  being prepared. 

Supercritical Pressure Water Reactor Study 

The final repor t  on the S q e r c r i t i c a l  Pressure Power Reactor, HW-68420, 
Baoncpnic Evalurrtion of a 300 We Supercritical Pressure Paver Reactor, 
is being c m l e t e d .  
costs m'e being prepared. 
c r i t i c s l  Pressure Power Reactor, Hw-69246, -being Incorporated on the 
drrrwings and in the calculations. 

Power Cycle. 
Electric Ccxupany) indicates a gross heat ra te  of 7180 Btu per kwh 
(Including boiler feed pump turbine operation and generator losses) f o r  
a gross thermal efficiency of about 47.5%. Based on station power re- 
quirenvnts of 5 m and moderator heat generation and losses of 41 MW, 
the plant net efficiency is about 43$, compared t o  41.2$ reported last 
month. Unfortunately, all fuel cycle cost studies have been run based 
on the later figure. 
at this late date vill be investigated. 

Find estimates of capital  costs ami fuel  cycle 
Cnmmr?nts from the interim report on the Super- 

The heat balance supplied by the turbine vendor (General 

The possibil i ty of incorporating the higher figure 

The turbine recormsnded fo r  use In the Supercritical Pressure Power Reactor 
study is a 3600/1800 rpm cross coqound double flaw unit with 38-inch 
last stage buckets operating with ini t ia l  steam conditions of 3500 psig 
and 1050 F w i t h  two reheats t o  1000 F. 

Fuiel Element Design. 
preparing his proposal, t o  the preliminazy proposal f o r  the fabrication 
of the pressure bearing member in the fuel element. 
curred in the feas ib i l i ty  of the design. One vendor suggested that the 
bundle components could be fabricated by microbrazing the entire assembly 
in a furnace. 
For lots of 1000 units complete with inspection one vendor quoted $1330 
each. 
figure caupar@d with an estimate of $2000 used in  establishing the fuel  
element fabrication cost of $75 per pound of U%. 

The Calculations t o  determine comrpstible pressure drops through, and 
maximum temperatures in the Supercritical Pressure Power Reactor fuel 
elements were continued t o  insure that temperatures and pressures are 
less  than the maxbwm allowable values determined by stress limitations. 

Two vendors have replied, and a third vendor i s  

Both vendors con- 

Their proposal contained only two pressure bearing welds. 

The second VePdor's quotation has not been received t o  date. This 

The pressure drops and tube w a l l  temperatures were i n i t i a l l y  determined 
using a step-wise hand calculation. 
due t o  the number of variables in the design (i .e. ,  peaking factors, tube 
diameters, bulk temperatures, e tc . )  which necessitated that the calcula- 
t ions be revised frequently, often requiring several days per reactor pass. 
Also, the calculat ion requires the assumption of a pressure, Bnd the 
results are often very sensitive t o  the value assumed, and, therefore, 
an i terat ive calculation process is  required. 

However, t h i s  proved impractical 
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To simplify the processJ a computer program w a s  written. 
bugging period a hand calculational method was devised which averages 
the f lu id  properties a t  the boundaries short-cutting the step-by-step 
procedure. The results presently being obtained show t h s t  the pressure 
drop through the reactor w i l l  be l ess  than 1000 ps i  ( r y  150/150/650 per 
stages I, 11, and III, respectively), and the maximum wall temperatures 
w i l l  be less than 1300 F, which are allowable. The luwer pressure drops 
than those reported last month were'arrived a t  by adjusting the tempera- 
ture rises i n  the three passes and by gaining a bet ter  understanding of 
which flux peaking factors affected pressure drop calculations and which 
influenced the "whistle effect" limit. 

During the de- 

Reactor Pnysics. 
Supercritical Pressure Power Reactor ce l l  and reactor configurations is 
near completion. 
such a survey by building a specified gamut of cases whose compositions 
are based on changes i n  an or ig ina l  c e l l  and reactor. 
being varied in t h i s  study are enrichment, coolant density, moderator-to- 
fuel r a t io ,  control rod material, and reactor loading zone configuration. 
Fina l  debugging of the modified ccde is i n  progress. 
computer program w i l l  be used t o  verify and expand the previous hand 
calculations on which the Supercritical Pressure Power Reactor design has 
been based. 

A survey of the reactor physics of several possible 

The "SWAP" reactor code has been modified t o  perform 

Some conditions 

Results of th i s  

mant Layout. 
diespeter containmsrt hemisphere upon release of the primary coolant in  
the Supercritical Pressure Power Reactor is less  than two psi .  
smaller turbine instal la t ion it hss been possible t o  locate all equipment 
within the containment shel l  with ample operational and maintenance space. 
The vessel size is comparable t o  the BOIESUS reactor. 
should not be unlike those incurred in the B m S  reactor construction, 
which are available for  comparison. 

The revised estimate of the pressure buildup in a 180-foot 

With the 

Construction costs  

Corrosion Studies 

Testing continued on the corrosion of x-8001, Zr-2, and sensitized 304 
stainless s tee l  a t  300 C in water adjusted t o  a pH of 4.5 with W O 4 .  
Data a f t e r  900 hours indicate a corrosion rate  of 0.20 mil/month fo r  
X-8001 aluminum and 0.004 mil/zwnth for the 304 s/s. 
corrosion occurred on the Zr-2 samples. 
black oxide crud occurred on the aluminum coupons a f t e r  about six weeks. 

No measurable 
Considerable spalling of the 

Except f o r  the in-reactor piping, instal la t ion of the Inhibitor Study Loop 
has been completed a t  C 
200 C a t  which time the loop pump apparently failed.  
examined t o  determine the cause of failure.  

Reactor. The loop w a s  operated for  30 hours a t  
The pump w i l l  be 

The preliminary project costs  estimated for  the H-1  in-reactor corrosion 
loop are being revised i n  accord w i t h  changes i n  loop modifications t o  
reactivate the loop. Bids fo r  deionization equipment f o r  supplying high 

UNCLASSIFIED 
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purity backup water have been received. 
the pruposed equipnmnt, and the specificatiuns w i l l  be sent out for another 
bid rev iew.  
another month. 

Wdificaticms have been made in 

The project proposal cost estimate w i l l  be firmed up in  

D. RADIATIa CN BBTAIS - 5000 PROGRAM 

Radiation damage - in vsrfoua mstals, including ahn inum,  copper, iron, molyb- 
denum, nickel, titanium, zincalum, and type 347 stainless steel, is being 
studied by a Lwmber of techniques. 
and ~pechanical properties measurements are the primary lPethods being used. 
!the variation of properties with irradiation and the kinetics of property 
recovery upon annaaling are be- analyzed t o  arrive at  a damage model. 

Electrical  resistance, x-ray diffraction, 

Recovery studies have been terminated for  iron, nickel, copper, and zircondun. 
Irr cases where micrahardness and e lec t r ica l  resistance recovery stages occurred 
over the samc t q r a t u r e  range, the activation energies determined by the two 
mees-ts were often not in agreement.. In addition, the activation energies 
determined by micrahardness nrssurem=nts ror processes thought t o  be self- 
diffusion were about 20% higher than accepted values for self-diffusion. 
probable cause of these discrepancies is the camplex nature of a microhardness 
mcasurcment. The techniques used in arriving at a value of the activation 
energy of a process are based cm the assunptiolls that the recovering property 
is l inear ly  prwportiaal  t o  the number of defects and that the defects are 
uniformly distributed. These a s e q t i o n s  are probably valid fo r  e lec t r ica l  
resistance measurements at temperatures below 300 K on specinens irradiated 
a t  low temperatures, where there is a limited amount of clustering of defects 
or chugas in distributia during irradiation, both of which presumably occur 
during irradiation a t  50-80 C. It is, therefore, f e l t  that reaction kinetics 
determined f o r  specimens irradiated at  reactor ambient temperatures have an 
accurecy of about f 20% for microhardness measurements and are sl ight ly  more 
accurate in the'case of e lectr ical  resistance recovery. 

The 

Yield points have been observed i n  electrolyt ic  nickel, type "A" nickel, 
capper, and zirconium a t  exposures of 1.3 x ld-8 nvt (electrolytic N i  and 
"A" N i )  and 7.0 x 1019 nvt (copper and zirconium). Capper, which contains 
from 1-25 foreign atoms introduced by transmutations at th i s  exposure, and 
"A" nickel, with about 0.8s impurity atoms present before irradiation, respond 
similarly t o  d e f o m t i o o  and aging treatments in tha t  they appear t o  s t rau-  
age. 
does not. 
will not strain age. 
t o  be independent of purity f o r  face-centered cubic and close packed hexagonal 
metals. 
in determining the exposure a t  which a yield point is first developed. 

_ -  

Unirradiated "A" nickel also shows th i s  effect ,  but unirradiated copper 
Electrolytic nickel, with about 0.2s impurity atoms, and zirconium 

The developnmnt of a yield point upan irradiation appears 

It is possible that the stackfng fau l t  energy of the m e t a l  is important 

The analysis of x-ray diffraction effects in strain-free single crystal  
surfaces is being continued. Primary and secondary extinction effects are 
being studied by d i f f rac t ior  measuremxts w i t h  two o r  more x-ray wavelengths. 
Rixuary extinction f o r  a given crystal  varies but s l ight ly  with wavelengths 
while secondary ext inct ion-is  greatly affected. The Al single crystals being 
used in this study show predominantly primary cxtinction, suggesting co- 
herently diffracting domains so large that  most of the diffraction t a k e s  
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place within a single domain. 
ranging from 2.5 microns t o  about s ix  microns. 

The domain sizes vary from crystal  t o  c rys ta l ,  

Arrangements are completed fo r  irradiating selected specimens. 
radiation, the diffraction measurements w i l l  be repeated. 

Following ir- 

Radiosretallurgy Service 

A non-uniform film an one elemnt w a s  the only abnormal feature observed during 
the v i s u a l  examination of two overbore elenrents (RM-410). 
diameters and cladding thiclmesses of one of three self-support elements from 
PT-Ip-272A Indicate that  the most serious corrosion occurred in the central 
portion of the elements between the se t s  of supports (RM-425). 

. Measurements of 

ktallography Service 

A Zlrcaloy-clad fuel  element with a five percent beryllium braze closure which 
had been subjected t o  temperatures of approximately 1300 C for  one hour in 
circulating a i r  was e-ed metallographically. 
most of the Wrcaloy can was gone, having ei ther  alloyed with the uranium or  
scaled off as oxide. 
degree of alloying or the integri ty  of the cap braze. 

The examination shared that 

Ekamlnation I s  not complete enough t o  determine the 

Uork has continued on developnrent of a tecbnique for  examination and identifi-  
cation of oxides formed during autoclaving of zirconium alloys. As reported 
ear l ier ,  it has been possible t o  expose an island of oxide surrounded by 
Wrcaloy-2 by gently polishing away the =tal. 
the crystal structure and preferred orientation of the oxide by x-ray back 
reflection techniques. 
diffract  the pinhole collimated x-rays. 
oxide island with a diameter of greater than 0.016". 
x-ray diffraction w i l l  be made by focusing on the larger island. 

An effor t  w a s  made t o  determine 

The 0.008" d i w t e r  oxide area w a s  too small t o  
Additional polishing has exposed an 

A second attempt a t  

. Other work during the month w i l l  be reported in  connection with the respective 
research and development programs served. 

Samples Processed During the Month: 

To ta l  Samples 548 
Replicas 58 

Photographs : 

Micrographs 
Wc rographs 

940 
135 

Electron Micrographs - 230 
1305 
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Fabrication and assembly of all mechanical components is estimated to be 955 
complete. 
Electrical work was started during the month and is estimated to be 15s complete. 

Ustallation of hydraulic components is estimated to be 85s complete. 

A work order was received for fabrication and installation of the mockup to be 
used in testing the machine. 
to be 159 complete. 

Work was started on the mockup and is estimated 

Assistance was given in testiag magazine tube and liner assemblies. 
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PHYSICS A D  IIVmUMEKC RESEARCH ANXI DEVELOPMEElT OPWATION 

MOBTELY REPORT 

m 1961 
. .  

FISs1- MATERIALS - 02 PROGRAM 

mTHs 

lhrclear Safety in FPD 

Awaiver of the nuclear safety specification cover 

waiver permits the maximum Quantity of 0.9% U-235 enriched uranlum in a r a i l -  
road car t o  be increased fran 5,300 lb .  up t o  19,875 lb .  Wmits are placed on 
the packaging of the ntel elements and on loading the car. Approval of this 
waiver is based on revised c r i t i c a l  parameters for  W o r d  0.9% U-235 enriched 

material buckling of s l ight ly  enriched uranium tubes in light water 

the shipnent of reJect 
0.9% U-235 enriched, I and E uranium cores t o  Nu) M , w a s  approved. The 

fuel elements, w h i c h  is in turn based on an Improved method or  calc 

REACTQR 

Exponential Measurements for  IJPR 

The inf ini te  multiplication factors measured in the PCllR for the mockup and 
condensed l a t t i ce s  and the material buckling results were wed t o  derive the 
migration area fo r  bath la t t ices .  The bucklings and in f in i te  multiplication 
factors were determined for  0.946s enriched uranlwn rUel with water coolant in 
an air atmosphere. 
migration area of the condensed l a t t i c e  is  297 cm2. 
t ion area frun mockup t o  condensed l a t t i c e  is 350 f 36 &. 
in the change in 
in & and 4 x 
which ccmpares favorably with a calculated r a t i o  of 2.19. 

The migration area of the mochp l a t t i c e  is 647 a#. The 
Thus the change in migra- 

The uncertainty 
ation area was calculated as- uncertainties of 0.003 

The r a t io  of migration areas is 2.17 in the buzkllngs. 

PCTR Measurements for  IJPR 

A correction t o  the l a t t i c e  parameters measured in the condensed l a t t i c e  has 
been made t o  cmpensate for  the luuer graphite density re la t ive t o  the moclrup. 
The corrections were calculated by the program IDIUI. 
for the condensed l a t t i c e  with an air atmosphere are given in Table I. 
values of 16p for  the condensed and mockup measurements agree t o  within 0.001. 

The corrected parameters 
The 

(1) Specification IVS 3.10 a, Nuclear Safety Specificatloas - Fuel Element 
Manuiacturlng Processes, aW-47019 , December 19%. 

(2)  BraSn, C. Lo, A Semi-Bnpirical Method of Est+ting Materlt 
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TABLE I 

Wet - - Dry 

16, 1.074 f .003 1.016 f .oo2 

f .881* .003 .943 f .003 

N P R P l e l T m  eture C a f f  lcierrt 

samr experiments have been analyzed which yield the change in  L w i t h  ruel 
temperature am the sum of a volume term and a surface term. The result8 may 
be expressed in the 

&AT) = 

w h e r e  R 

form ! 

Ts is the temperature of the surface of the fuel, Tf is the volume-weighted 
aversge temperature of the ruel, and To is the rOOm temperature iaitial condi- 
tion, 8 l l  are in OK. This fonrmlatlon permits canputation of & ( T )  fur 
very pan-uniiorm radial temperature distributions in the fuel. 

rphe p r e l b b a r y  numerical resul ts  f o r  the dry NPR l a t t i c e  are the following: 

It may be possible t o  express 0s in t e r m  of a surface-to-mass rat io .  
contkmlng on this aapect of the problems. 

Work is 

General. ~ o n e a t l a l  Pile Studies 

A canplete l i s t i ng  of physical and nuclear parameters for past buckling meas- 
urements a t  Hanf- has been submitted for publication as a formal document, 
m-69525. 
LBttice Parameters roo. Large Diameter M s  

An experlmnt t o  determiae the resonance and thermal flux distribution for a 
2.5 inch diameter solid ursniuu rod in a 103 inch l a t t i c e  was s t h e d  in the 
pcll~. 
analyses. The residual background of saw gold and uranium f o i l s  was measured 
in prepcat ion for  the ifiadiatioas in the PCTR. 

Values of 7 f o r  the 2.5 inch solid. and tube-in-tube fuel in a 103 inch l a t t i ce  
have been derived. 
effective neutron temperatures were obtained fran lutetium ac t iv i t ies .  
values of g and s4 frcm Westcatt@s la tes t  canpilatian (CXRP-960) were used w i t h  
c r o ~ s  sections fran aaG325 (Supplement 1 t o  second edit ion).  
canpared t o  the values of 7 fran ki,,/fpr. in the table below. 

~ h c  256 channel analyzer w a s  set up and checked out f o r  use in f o i l  

Copper cadmium rat ios  were used t o  determine r and the 
The 

The results are 
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2.5" solid, water 1.275 1.289 

2.5" solid, air 1.256 1.282 

Tube- in-tube, water 1 *295 1.306 

Tube-in-tube) air 1 3 0 4  L .300 

Optimization of RetGbed C-Pile Lattice 

An 8-foot m o n e n t i a l  p i l e  w i l l  be constrdcted next month f c r  safety rod measure- 
ments with both s tadad  and merbored fuel in the C-pile l a t t i ce .  
tube blocks are being bored out t.0 permit flooding measurements with the mer- 
bored fuel. Flftesrz tnlTldred standard fuel pieces have been received f r o m  FPD. 
The aluminum cans for the overbored f i e 1  have been shipped $0 Fm). 

Graphite 

N o t e  on the Resonance Activation Integral cf' Natural Copper 

Dahlberg, e t  al, of Sweden have reported(3E a new v a h e  of the "resonance integ- 
ral" of natural capper, It is define6 as w 

j' 0.5 ev 
a$UE. 

a p ( E )  4 ami has a v d u e  of 

and 0 ~ 6 6  and the the& cross sections 
of 2.54 f 0.10 bn. 

of 1.62 f 0.05 and the 
W o r d  and Eri t ish values do 

This value was found fran cadmium 

not include spectral uncertainties and are based upon an assumed 1/E epithennal 
s p e c t m .  The Swedfsh resul t  is based zpm nrearmred spectra, with and without 
cadmium, and in this respect may be sigaificantly better.  Frau the published 
data, howeverp it is s& possible t o  check the i r  calculatiaos. 
more detai ls  is being madeo 

The sieSpificance Gf +,hie difference in reaoaance integrals can be seen in cal- 

An InqpIry for  

of the fast t c  s13w flux ratio',  p: x~fng  Swedisk eqpper aai? gold cadmium 
rat ios  c;rlat ir& and H C U I ~ O ~  or me&& resozmnce integrals. (The resonance integral 

(3)  W b e r g ,  Re, K. Jkluw, 
Activation Integrals?', Reac*or Science d Technology (J .N.E.  Parts A and 
B) 14: 53-54> Aprfl, lgbl. 

(4)  Bennett, Re A., "Effectisre Rescnance Bt.agraLs of he a d  &If, Nuclear 
physics Resesrckz Quarterly Report 

( 5 )  Tattersall,  R. B., H. RQBe3 S o  Ku Pattenden, and D. Jasitt, " P i l e  Oscillator 
Measurements of Resonance Absorption Integrals", Reactor Science ( J.IVeE. 

( 6 )  JoWson ,  Eo, E. -pa3 a& 1. C... Sjcstrand, ''A Fast Chapper and Its Use 

E. J O ~ S S O I ? ,  "Measurements of Sane Resonance 

October, Novemberp December= HW-68389. 

Parts A ad. B) 3.2: 32-46, my, 1960. 

the Measwement of Neutrlrn Speetrawp A r k o  19w0, 18: 51fip 1960. 



for Au has b taken, by Hanford, British and 

entire difference is due t o  the 58$ dlfference 
ami Punerance T )  7 .) !QE w o r d  B is 0.0% and 

Swedish, fra 
the Swedish @ 

a review by Macklin 
is 0.040. The 

in resonance integrals. It is 
expected that calculations of p which were based upon resonance integrals of 
Cu would reflect sane uncertaiaty because of this difference. 
error evsluation is be- deferred unti l  additional data are received. 

A l l  additional 

Neutron Rethemalization 

The abemption rod experiments (5-5/16 inch dia. copper rod) described in the 
gsril snb 

detectors have been counted. 
IBM 7090 codes. 

Monthly Reports have been c averse8 were taken of the 

The data are presently being decay corrected w i t h  

D l g l t a l  COmprrt er Programs for Reactor Apalysis 

Developrrent of m, the multi-group neutron diirualon theory code, is contiauhg. 
The generalized input routine, mentioned last m o n t h  is debugged. The portiom 
of the program w h i c h  calculate fluxes and react ivi t ies  appear t o  be in working 
order. 

EFR hae successntlly ccmputed both direct  and adjoint fluxes and eigenvalues 
using ople-dimcnsiansl slab and c y l l d r l c a l  geometries. 
spherical g e d r y  hare not been attgnrrted. 
program which calculates the flux gradient fran the resul ts  of the nux calcula- 
tian. 

The FIT-1 descriptive document(8), w i t h  a supplement containing the program 
listings and test case input and output, has been released. 

Calculations using 
A bug exists in the section of the 

This bug hag nat been definitely located. 

Canputational Pro- Services 

An Informal document, HW-68807~ entit led,  "CQFIT2 - A 709 Program for  Determining 
Extrapolation Length fran Horizontal Traverse Data," w a s  issued. This document 
is intended t o  s m e  as a manual. for the users of the code, as well as a record 
of the fanmtlation and procedure used by the code. 
is in rough dr&t form. 

The w e  of the FORTFUN tape-selection subroutine, (IOS), with non-FQRTRAH 
programs was investigated. The binary input-output subroutines WTBX/RTBX 
are being converted t o  use (10s). 

The HW document on 

(7)  
* 

M 8 C k l i n p  Et. L. snd H. S. Panerance, "Resonance Capture Integrals", Prog- 
ress ia Ruclear Energy, Series 1, Physics and Mathematics, Vol.1: 1 . r  
I W ,  Pergemon Press, London and New York, 1956. 

(8) Lilley, J. R ~ ,  "correlation 
Few Group Neutron Diffusion 
(~u re  7, 1961. 

of Erperimental Activity Traveraes Us- 
m o r y  - Ccmputer program  FIT-^," ~~-698%L,  
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Fast Source Correction for Brponentid P i les  

The Green's f'unction solution f o r  an exponential p i l e  with an age theory s w c e  
gives an expression for the fast source correction different frau that currently 
in use. This difference arises primarily from using a fiaite medium age source 
in the Green's theory formulation rather than the l e s s  exact in f in i te  medium 
age source in current use. 

- 

. .  
The new expression-is being prepared for inclusion 

- -  in the code VTOCL in order t o  evaluate its - - _  significance. - -  -- I 

*- - I  _. - -  - 
__-- _.  llastrumentat ion 

All circui t  developent was ccmpleted on the prototype experimental Fast and 
Slow Scanning Type Fuel Failure Monitor. 
canpleted in fabrication and t e s t s  w i l l  c m n c e  shortly. Modificati&- -me 
being made on the s l i p  ring dsembly t o  prw'ent high voltage bred@= which 
could occur due t o  lmpruper design, and if the modifications are considered 
inadequate, an alternate amroach method of supplying high voltage t o  &e 
phototubes w i l l  be used. 
t o  date is 7% done. 

Nearly a l l  t e s t s  have been satisfactorily-canpleted on the two experb<ntaJ. 
prototype Logarithmic and mar (&ti-range) sc in t i l l a t ion  Transistorized 
Building R a d i a t i o n  Monitors. 
error, temperature, l i ne  voltage variation, transient effects, vibration, 
accuracy, response time, and recorder t e s t s  have all been satisfactory; 
Uait is s t i l l  undergoing satisfactory day-to-day calibration checks on-all 
scales, and the second unit  w a s  moved t o  lOOZD Area for  demonstration a d  use. 
A t  th is  point, it would seem that a satisfactory building radiation m a t o r  
has f ina l ly  been designed fo r  reactor areas and general HAP0 use, and the units 
seem t o  be appreciably better than any of the many camnercial monitors of this 
type previously evaluated. 

Bcperimental data were reviewed concerning canmercial in-core flux modtors 
for  Instrument Develaplrent, IPD. 
ment, and new types w i l l  be similarly tested later. 

Nearly all circuitry has now been 

The report on-the system portiGns canpleted &d tested 

A l l  t e s t s  t o  date including d r i f t ,  calibration 

One 

The units were installed for the Kw experi- 

A brief investigation w a s  made, at the request of KER personnel, concerning the 
possibil i ty of developing a gas chroma66graph type fuel  rupture monitor for  KER 
experiments. 
problem would be more promising. 

Methods were studied and devised in d e h i l  for instrumentation for monitoring 
the NPR graphite for  poisons, measuring dif-ion length, and performing 
special reactor startup monitoring. Possible techniques and prel- cost 
estimates were presented t o  Operatianal physics, IPD. A report is being pre- 
pared. 

A number of instrumentation discussions were held w i t h  Instrumentation Design, 
C B U O ,  and several ccnmnercial manufacturers cancersling 
intermediate range f lux monitors, and critical. mass monitors. 

It w a s  concluded that, theoretically, other approaches t o  the 
Further work on the problem is scheduled in 

ply-62. - 

instrumentation, 
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The detection head and enclosure t o  be used fo r  surface uraniim contaminatim 
monitoring of certain IVPR r ~ e l  elements w a s  80$ ccmpleted in experimental 
form. Tests should be cunmenced in early July. 

Continued advice and assistance was rendered t o  Instrumentation Design, 
CEWO, and t o  various manufacturers on the electronics and detector assembly 
wheel portions of the l!PR Fuel Failure Monitor. 

A aer ies  of tests were performed w i t h  the l!PR process channel optical travers- 
ing meahan.lnm. The t e s t  
channels were built t o  copfonn t o  the worst possible configurations expected 
in the reactor. 
t ion  a d  zero reedlng. 
the readings were repeatable t o  within f O.OO5 inches per eight inch length, 
The contour of the cha.nnels was indicated within the accuracy of the i r  construc- 
tion. 
8l.l persona who were likely t o  be interested on June 9. 
sau the demonstration. 

'phe unit was run through two wooden tes t  chnnnP1s. 

The t e s t  runs calibrated the unit as t o  effective m f i c a -  
Several optical arrangements were tested. In a l l  cases 

A dexnonstratian of the use and operation of , th i s  equipnent was given t o  

Design drawings w i l l  be made of the Unit t o  be used a t  
About twenty persons 

and a new unit w i l l  be constructed according t o  the d r a a s .  

Fiasl adjusthents and calibrations are being nan on the Reactor Moderator 
Radiation Ratio Pyraueter. In the course of this work calibration of the 
FPD Radiation Ratio Pgraneter waa rechecked and found unchanged from the cal i -  
bration of las t  December. 
pyraneters **th the beem of radiation fran the Radiation Standard. This stan- 
dard source emits in a =-degree cone which is just able t o  fill the aperture 
of the lens of the pyraneter. The proper operation of the pyraneter requires 
that the lens aperture be f i l led w i t h  the radiation beam. Slight misalignments 
give incorrect temperature readings With careful focus adjustment, t h i s  diffi- 
culty can be overcane. 

Sane di f f icu l ty  was experienced in aligning these 

The specificationa and prints  describing the optical instruments fa r  NFR were 
reviewed mer receiving camments concerning the design fran those who normally 
use this eqpi-tt. 
it xill be necessary to make sane major desi- changes. 
written giving the estimated costs of the r e w e d  deaigr. changes. 

If the suggestions incorporated r;l the caanents are adopted, 
A l e t t e r  has been 

systems studies 

loesrly a l l  of the necessery circuitry for the variable transport lag for the 
lopR plant sinrulator has been developed, including a fast vc l twe  ccxuparator. 
Present observations of the breadboard circui t  cf the canparator indicate a 
ccmparison time of l ess  than one microsecond. The ccmplete system is now being 
assembled, and further evaluation of accuracy and temperature s tab i l i ty  w i l l  be 
made as soon as the necessary parts arrive. 

- 

The series of pseudo-autanatic reactor control t e s t s  in which the control rods 
were moved mamaaUy in accordance with a prescribed set  of rules, the rules 
being those r e w e d  t o  slmulate the action of an autauatic coatrol device, 
were caupleted during the month. The final t es t s  consisted of dividing the 
reactor i n t o  s i x  sections, three in the top half and three in fhe bottcna half, 
and us- temperature measureqents in these sections as the basis for controll- 
ing the rods assigned to each section. Two values of "controller" deadband were 

1'2 5 2 3.1 5 
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used t o  determine the relative effects on s t ab i l i t y  and speed of control. 
changes in power level setpoint were Introduced, in both directions, t o  obtain 
information on the feas ib i l i ty  of using this type of control t o  make graduaJ. 
parer level changes. 
since a smooth stable response t o  small parer level  setpoint changes w a s  ob- 
tsined. 
Additionel tests were made at the 100-D reactor in support of theoretical 
studies which are aimed at developing an approximate mathematical model of the 
reactor dynamics. Several five-inch rod movements appraximating impulse m c -  
t i an  disturbances were made while conkinuously recording six outlet tube tem- 
peratures. 

The results of the t e s t  were essentially as expected, 

. .  The results of these t e s t s  w i l l  be sunnnarized in a forthccming report. 

The specifications for  an experimental d ig i t a l  control ccmputer were sent by 
ATE Purchasing t o  prospective se l le rs  for  their caments. 
me!nts returned by f i f teen  ccmputer manufacturers are being evaluated by Systems 
Research and glectranic Data Processbg Operations, after which revised speci- 
fications w i l l  be prepared for  f b a l  bid proposals. 

Proposals and ccm- 

The lqpR confiner pressure buildup study w a s  completed and the resul ts  for- 
warded t o  Reactor Design Analysis. The problem consisted of simulating the 
pressure transients in the confiner vessel t o  determine whether the venting 
w a s  adequate for preventing pressures fran exceeding the f ive ( 5 )  psig build- 
ing design pressure upon introduction of variaue high pressure s t e m  distur- 
bances. 
after each disturbance started at which the roof vents could be safely closed. 

With the analog simulation, it w a s  also possible t o  determine the time 

The analog computer portion of the NpR power conversion study has been canp- 
leted. The problem here 
w a s  t o  determine the effects of load changes on the secondary loop. Control 
parameters were varied in an att-t t o  obtain approximate controller settings 
for optimum loop response under various conditions. The system can be made 
unstable under certain conditions. A m o r e  detailed study will have t o  be'con- 
ducted on various system canponents t o  determine the effects of simplifying 
assumptions on the response. 

Other studies of this type w i l l  be made in the future. 

Plutonium Cri t ical  Mass Bperiments 

Pre-startup t e s t s  of the control instrumentation and solution handling system 
for the mtial c r i t i c a l i t y  experiments were canpleted, 

The processlng of selected uranium in the R e d a x  Plant t o  obtain plutonium with 
a lower than average PU-240 content f a r  the initial c r i t i c a l i t y  meriments  w a s  
canpleted. During the month 20.1 Kgs of concentrated plutonium ni t ra te  solu- 
t ion were received at the Facility; the average concentration of plutonium In 
the solution w a s  300 The mass spectrameter isotopic analyses which 
were run on this material shared the Pu-240 content t o  be about 4.6 percent. 
The plutonium was received i n  I2 PR cans. 
w a s  transferred into the storage and mixing tanks at the Facility. 
t ion  problems were incurred during the tr82;sfer operations. 
tained in  two of the PR cans w i l l  be sent t o  the 234-5 Bullding for  further con- 
centration. 

Pu/l. 

The plctonium frcm 10 of these cans 
l o  contamina- 

The plutonium con- 
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an added precaution for nuclear safety, neutron multiplication measure -B s 
were made as the plutonium w a s  being transferred into the mixing tank. 
maltiplication curves showed the mixing tank t o  be w e l l  sub-critical when 
fi l led t o  capacity w i t h  the Pu(N )4 solution at the cancentration of 300 e p ~  

6.3. 
A.lmnnnigps of, 2.5 x 23.5 x n.5 inches. Further checks w i l l  be made on the 
nuclear saf'ety of the mixing tank as solutions of higher concentrations becane 
mallable.  
the Facil i ty t o  be s d e  for concentrations 2 ,  t o  at leas t  700 gm Pu/1, under 
contiltions of a 
or l ess  of w a t e r ) .  9 
check on the calculations. 

The 

pu/l. 4Pu ra t io  of the solu 9 ion was, 64; the n l t r i c  acid molarity w a s ,  
vohne of the mixing tank is, 68.8 liters; this is a slab tank xi th  

previous calculations have sham the 2.5-inch thick slab' tanks in 

ref lector  ( a  neutron reflector eqplvalent t o  one inch 
These measurements are being msde only as an additional "pIp"1 

On ~une 29, the c r i t i ca l  experiments were begun with the unreflected 14-inch 
diameter spherical c r i t i ca l  assembly vessel. 
PU(N+)& solution  he H/PU atan ra t io  f o r  
the solution w a s  -64; the n i t r i c  acid molarity w a s  6-3. me vessel contained - 6.95 Elg of plutonium when filled. The system w a s  sebcrit ical  by an unknown 
smount; however, the extrapolation of the multiplication w e s  indicates the 
vessel w o u l d  have been c r i t i ca l  l f  the diameter were about 14.8 inches. These 
resul ts  are in qualitative agreement with mult i -graq diffusion calculations 
which predict a c r i t i ca l  aameter of about 15 inches for the above solution. 

Thls vessel was filled with 
a concentration of 300 epn AJ1. 

On June 30, a second c r i t i ca l  approach was d e  w i t h  the 14-inch sphere, but 
w i t h  Pu(H03)4 solution adjusted t o  a concentration of - 2 9  @ Pu/l. 
H/Pu r a t io  w a s  AI 78 and the acid m o l a r i t y  w a s  again - 6.3 
similar t o  the first experiment with the vesael being subcrit ical  when f i l led 
t o  capacity. w, *he c r i t i ca l  dismeter was estimated t o  be about 14.8 
inches. Before beginains the reflected experiments w i t h  this vessel, another 
attempt will be made t o  reach c r i t i ca l i t y  in the unreflected s ta te ,  but 
P u ( N q ) 4  solution w i t h  a rmm'ler acid molarity w i l l  be used. 

The 
The resul ts  were 

Thzs far only one leak has been found in the plutonlun so lu t im  system. 
Ssnrples of air taken fran the c r i t i ca l  assembly hood indicated an increasing 
emaunt of air  opte em in at ion. 
on the pedestal supporting the vessel had be,- t o  leak. 
arrested by covering the fault in the support with scotch electr ic ian tape. 

In checking for leaks, it w a s  noted that a weld 
The leak w a s  

In Situ Neutron Multiplication Measurements w i t h  plutonium Metal 

=her in s i t u  &ran rmrltiplication measurements were made w i t h  plutonium 
metal discs ln the 234-5 Bullding. 
of JUne ll and J b e  25. 
planned with Pu metal have now been cmpleted. 

Bcperiments w i t h  2.75-inch diameter discs of a phase metal were cmpleted in 
mo The l a t e s t  experiments were conducted w i t h  Pu metal discs of diameter, 
3-625 inches. !Chese larger pieces were used t o  more acmrately mock up the 
geanetry of the plutonium in tke molten s ta te  Fn the melting crucible. The 
purpose of these experimeats has been t o  obtain c r i t i ca l  mass estimates for 
Pu metal under the operating conditions encouPtered in the P l a s t .  The data 
w i l l  be used t o  establish mass limits for nuclear safety. m e  measwements 
were undertaken as a cooperative effor t  with perscanel of CIlp a& C r i t i c a l  Mass 

The meamrements were made on the weekends 
The series of multiplication measlulements as originally 
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physics jointly participating. 

Crit ical  mass estimates were obtained for two s l ight ly  different geanetries 
of a phase Pu in the melting f'urnace of Hood No. C-20. 
discs were positioned in a 3/32-inch thick tantalum crucible for  placement 
within the melting ftmmce. 
stack contained a 1.94-inch diameter cylinder of length 1.57 inches located 
at the bottan of the 3.625-inch cylindrical array. 

In both cases the Pu 

However, in one case the 3.625-inch diameter 

The criticalmass estimate for the 3.625-inch diameter cylinder w i t h  the small, 
cylinder positioned at the bottan w a s  9.4 Kg Pu. The estimated c r i t i c a l  mass 
fo r  the 3.625-inch discs alone in the melting furnace w a e  9.0 Kg Pu; this w a s  
the smallest c r i t i ca l  mass estimate obtained in the series of in s i t u  experi- 
ment s . 
Multiplication measurements were also made of the Pu m e t a l  discs t o  determine 
the c r i t i ca l  mass for  an unreflected stack outside the f'urnace. In this case, 
the PU m e t a l  w a s  positioned on a l ight m e t a l  support so as t o  minimize neutron 
reflection f ran  the hood w a l l s .  U n d e r  these conditions, the c r i t i c a l  mass 
w a s  estimated t o  be 11.3 Kg Pu. 

Measurement of l6, in the PCTR for Dilute Pu (H03)4 Solution 

Irradiations were completed in the FC!l!R f o r  determining the limiting concen- 
t ra t ion  of a PU(H+)~ solution; this is the concentration for  which & = 
unity. The data are under analysis, however, diff icul ty  has been encuuntered 
in evaluating the effect of the stainless s t ee l  containers on the measured 
reactivit ies.  

The volumes, solution concentrations, and thicknesses of stainless s t ee l  of 
the tanke used in the measurement are shown in tabular form below. 
for the stainless s t e e l  thickness of the tanks does not include the jackets 
which were all 1/16-inch thick. 

The figure 

TBnk 

Annular Buffer Tank (A) 
R e a r  Ebd Buffer (REB) 
Front End Buffer (FEB) 
Core Tank No. 1 (C-1 ) 
c-2 
c-3 
c-2 I 
C-2n 
Helium Tank (He) 
He ' 
He 

Vol . - Conc . w a l l  Thickness 

11.4 @n/l 
11.0 
ll .O 
10.4 
11.4 
12.5 
11.4 
11.5 - 

U s i n g  these tanks, react ivi ty  measurements were made at three reactor load- 
ings--"fast", "intermediate", and "thermal"--to give the differences i n  reac- 
t i v i t y  (a) between C-1, C-2, and C-3 and the He tank--all of l/81t stainless 
s teel .  In addition the reactivity differences were measured between C-2' and 
He' (1/4" S.S.) and C-2" and He" (1/2" S.S.). 



B-10 

A t  all three loadings, the values of 

and k - 2 ,  He" versus the thiclmess of stainless s tee  between the buffer 
solution and the core solution, i.e., buffer tank, buffer jacket, core tank 
jrrCl#t,and care tank, shows the stainless steed in these tanks t o  have a large 
non-linear effect on the measured value of Ap. The effect  causes CIhe core tanks 
t o  appear less reactive than they actually are, and this results in an apparent 
limiting concentration w h i c h  is too high. 

-1, & -29 and & indicated a 
limiting concentration Of 12.0 gDI,/l, 3 a pI.2 of dpE-2,%, 4 - 2 1 ,  He' 9 

It was previously thou@& that a plot of Ap v e r m  S.S. thickness c a d  be used 
t o  correct the values of dp for the e i iec t  of the stainless steel, however, 
the effect  is so large that the corrections t o  &I remain questionable. A pro- 
posal t o  build a core tank and helium tank of much thinner stainless s tee l  
and thereby get &her point mch closer t o  zero on the & versus S.S. thick- 
ness curve is under consideration, and -her work is being done in an attempt 
t o  evaluate the data. 
for the limiting concentration is 9.7 * 1 gm P U / ~ .  

At present the none-too-good "best" prel- value 

After the reactivity metlsurements had been canpleted on the core tanks, they 
w e r e  sent back t o  the 200-West Area t o  be prepared for the second part of the 
experiment--the foil irradiations. The jackets of C-1, C-2, C-3,1 (2-2') and 
C-2" were cut offp and all but C-2 had the i r  spouts cut open. 
in C-1 and C-3 were then mixed together and the tanks ref i l led;  the h e l i u m  
tank w a s  filled with solution f'rcm C-2s and C-2". This then gave four core 
tanks at a concentration of close t o  11.4 gm/lo 
the foils were placed in the traverse tubes and new jackets were welded around 
them. 
some1 of mutoSrium Metallurgy Operation, and the solutions were transferred 
by personnel of the -shed Products Operation, CPD. 

The solutions 

The tank spouts were re-welded; 

The work of openlpg and Closing the tanks and jackets was done by per- 

One tank contained three sets of bare Au and Cu foils doubled up at  positions 
1-1/4" fran each edge and at the center of the six-inch diameter tank t o  give 
a l a t e ra l  traverse through the tank. 
sets  of cadmium-covered Au and CU. foils. 
tank during the react ivi ty  measurement paFt of the experimect had established 
thst daubling up the gold and copper foF1s would have no effect on t he i r  
cadmium ra t ios . )  The third tank contained two sets  of bare phitonium-vsanium 
235 foils, one a t  the center of the taak, and one appraclmately 1/2" fram the 
edge, and the last tank contained the corresponding two sets  3f cadmium-covered 

A second tank c o n t e e d  corresponding 
(Previms irradiations in the He 

plUtOnium-Uranium 235 foils 

The foils were irradiated a t  the "thermal" lo-; the jacket8 were cut off 
the tanka in a hood at the 305-B Building, and the fofls were countered there. 
The data on the plutoniun uranium-235 foils have nct yet been evaluated, but 
the gold and copper traverses ahar a defini te  peakkg of the cadmium rat ios  
in the center or  the tanks indicating that the incident flux: on the core tanks 
waa not thermal enough. 
and 14.89 f o r  the copper. 

Cri t ical  MESS Calculations for Hanogeneaus RL-239 - EQO Mkturee 

c e d e r  cadmium ra t io  values were 4.83 f o r  the gold 

'phe c w e  of a disagreement between the c r i t i c a i  masses of P u - S O  system as 
calculated a t  W o r d  snd the Los Alamos sc ien t i f ic  laboratory has been br ie f ly  

. -  1 2 5 2 3 1 9  
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explored. Prior calculations were summarized i n  the Monthly Report for  qpril 
1961. 
fusion code f o r  two different cases of input data change. I n  the first case 
the fission cross section w a s  adjusted upwW by 1% in the resomace region 
(groups 2-8 inclusive), and the removal cross section of water was also adjusted 
upwsrd by loqb. 
thermal fission cross section w a s  taken as a constant 620 b (about lO$ lower 
than the previous values). 
the following table. 

The c r i t i ca l  masses were recalculated using the 9-Zoom Wtigroup  D i f -  

For the second case (In addition t o  the abme changes), the 

The results of these c a l c u a t i m  are s-ized in 

0 

2 
3 01 
5 -3 

.86 

I2 
25 
32 
43 
65 
131 
264 
529 
872 
1325 
26 51 
3536 

pu( P / C C  1 
19.6 
I2 
8 
6 
4 
2 
1 
.8 
.6 
.4 
.2 
.1 
005 
03 

.02 

.01 
9 0075 

Mc( - 
9.66 Kg 

19.94 
20.84 
20.24 
16.36 
11.79 
10.43 
8.79 
6.16 

1.92 
1.152 
.961 

1.015 
2 -82 

3.46 

43 -3 

10.1 Kg 
15 
18.5 
20.5 
20.9 
16.3 
10.4 
7 99 
7 -0 
5 -2 
2.8 
1.56 
1.02 
-92 
1.08 
4.4 
N.C. 

Mc(~ 

19.4 Kg 
20.1 
19.2 
15.3 
11 e 1  

9 *8 
8.3 
5 98 
3 -3 
1.8 
1 .I2 
-93 

1 .oo 
2.74 
38 9 

Mc (4) - 

19.4 XG 
19 -9 
19 .o 
14.8 
10.3 
8.9 
7 *6 
5.8 
3.7 
2.2 
1.31 
1 .I2 
1.24 . 
10.C 
N.C. 

(1) Previously calculated, Monthly Report April 1961. 

(2) Lo8 Alamos Calculations, estlmated from curves of Ref. 1. 

( 3 )  Calculated assuming u re (i = 2 t g  8) l@ higher and G3’ (i = 2 t o  8) 
loqb higher. 

( 4 )  Sane as (3) but c$39 = 620 b. 

N. C. - Not c r i t i c a l  within the range of calculation (& < 1.0). 

a20 

The calcuJ.ations under (3)  of the table appear t o  agree with the Quoted (and 
plotted) experiments (PW. 34 and 35 of reference (lo)), as w e l l  as the LOS 
Alms calculations for  concentrations of 400 d1-a up. Bcperimentd data 
fran the P-L1 project are being prepared t o  make a more detailed check on the 
asstmrptions. 

Multi-Group Diffusion C o d e  - AIM-6 
The AIM-6 multi-group diff’usion code has been assembled; the first debug run 
has sham that the subroutine modification which w a s  recently canpleted resulted 
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in a memozy averflcw. The possible changes t o  overcane this difficulty are 
presently be- investigated. 

A visit t o  the Bettis Atanic Power Laboratory w a s  msde on inane 8 t o  discuss 
the poesible use of the fortran versions of their SOFOCATe thermal matron 
spectrum code and MUFT-4 fast neutron spectrum code in conjunction with AIM-6. 
The fartran code (SOFCEm) w o u l d  rurnish thermal group constants and 
the 
functions for -6. The &antages of this procedure aver the presently used 
data l ibrary are: -(1) the thermal group ccnstants, w h i c h  -e presently m e n -  
dent only on the concentration of neutron poisons in the medium, w i l l  also be 
deyendent on the temperature of the medlum, a,ud (2) the resonance self shield- 
ing effect c811 be calculated direct ly  for  a large number of isotopes based upon 
m a w  resonance theory. 
be Quite simple t o  use the TEMpesT code with the AIM-6 code, but t o  u t i l i ze  

code (Mtmc-4) w o u l d  calculate the fast group canstants and transfer 

The conclusions drawn *an this visit are that it w o u l d  

would r e w e  a good deal of modification. 

Inflnlte Hanogeneaus Monte Carlo Code - HISE 

!Che calculation of tlie age of f iss ion neutrons in water using the RBU randan 
number generator haa resulted in the location and correction of an error in 
the neutron birth selection scheme. 
selection of appraximately two neutrons per hundred having a bir th  energy 
of 15 MEV w h i c h  resulted in  an age for water that was too  large. 
t ion of the age of fission neztrans in water is now being carried out. 

Interactions of Subcritical @stems 

We study of the interactions of moderated subcrit ical  systems by an approxima- 
t ion method continued. Ccmparison is being made of predicted c r i t i ca l  height 
vs. separation curves with expezimental measiements (ORNL-2389 1 on several 
systems of lateracting slabs and cylinders of U-235 solutions. The calculational 
technique being used I s  t o  determine the react ivi ty  of the interacting system 
relat ive t o  one of its cauponents by M e  of the approximation method. The 
reactivity of the isolated c a n p e n t  is in turn determined by a 2-group diffusion 
theory calculation using AIM-5. 
appropriate f o r  c r i t i ca l i t y  c a l c u l a t i m  of reflected cylinders, as reForted in 
WAm>-?SI-244. 

This particular error resulted in the 

The recalcula- 

The =clear parameters being used are those 

Resuits obtained sa far by this  procedure are reasonably good. 

M u s  Spectrametry 

Isotopic analyses were provided on four additional samples of plutonium fo r  
possible use as f'uels in c r i t i ca l i t y  studies. 

Another RCA 6810~ electron multiplier phototube was instal led in the mass spec- 
traneter fcr this program af te r  remmisg the glass emrelope, Electrical  lealrage 
and dark current in this multiplier are low e n u a  t o  operate it d e r  high gain 
and meximum sensi t ivi ty  conditions. m e  ccnstancy of i ts  3ain as a function of 
output current has not been determined becaue of ingroper operation of the res t  
of the mass spectraneter. 
focusing properties of the magnetic analyzer depend hpruperly an Ion source 
focusing conditions t o  the a n e n t  that it is currently impossible t o  find a 
satisfactory condition of focus 

For reasons cot uderstood at present the ion bean 
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The sample sensit ivity of this mass spectrameter using a single filament has 
been increased t o  a value caparable t o  that of the triple fil-t mass 
spectraneter by carbonizing a trough-shaped filament. 
developed by D r .  M. H. Studier of ANL, is t o  bake a clean degassed rhenium 
filament at l5OO"C in an atmosphere of benzene vapor for 5 minutes. 
zene pressure is that of its vapor at dry ice temperature. 
a sample of 10-7 @ls of natural uranium t o  be successfully analyzed using 
metallic ions with no interference froan a i d e  ion emission. 

The carbonizing process, 

The ben- 
This process allowed 

Instrument at ion 

Investigations were resumed on the CFD t racer  lathe control systems. 
of failure t o  find a "qpick and dirty" immediate solution, the recent "cut 
and t ry"  a t t e s  were abandoned and a canplete system w i r i n g  and grounding 
cleanup w a s  started. 

Because 

Plans were ccaupleted for the assignment of an Instrument Research and Develop- 
ment engineer t o  be in-residence at the Cri t ical  Mass Laboratory. 
establish an instnrment maintenance program, develop new instruments needed 
for  the experimental program, and plan instrumentation system needs for  the 
possible Phase I1 expsnsion of the laboratory. 

He w i l l  

Nuclear Safety Consultat ions 

!&e nuclear s e y of shipping 1736 Icg of 1.47s U-235 enriched uranium t o  ORIVL 
w a s  approved. %j The shipnent consisted of f ive hundred, 1.336-inch diameter 
fuel elements. 

T a l k s  were presented at two safety meetings. 
of Power and Mechemical Design, C W O ,  and the second t o  the Engineering Opera- 
tion, FPD. The subjects presented were: 
Causes", and "The Variables That Effect Crit icali ty".  

The first w a s  given t o  personnel 

"Past mclear  Accidents and Their 

NEJ!CRON CROSS SECTION PROGRAM 

Slow Neutron Cross Sections 

More trouble w a s  experienced with the deteriorating masonite sections of the 
neutron beam defining plug for  the lO5-DR crystal spectrometer. 
necessary t o  vacuum out the hole and clean the gas seal window. 
bemmade t o  attempt t o  repair o r  replace the faulty plug in the  near future. 

It w a s  again 
Plans have 

A study w a s  in i t ia ted of the effects of thermal shock on the perfection of 
germanium single crystals. 
the reflection efficiency of the germanium crystal  by providing an increased 
mosaic due t o  induced imperfectionso 
sudden quenches fran teruperatures of 680"~ t o  830°C t o  roan temperature. 
quenches were carried art in a vacuum furnace by introducing argon gas or plung- 
ing the heated crystal  i n t o  si l icon oil. 

The purpose of this study is t o  attempt t o  improve 

One crystal  ingot w a s  subjected t o  three 
The 

A factor of two increase in reflected 

(11) Letter fran Po F. Gast t o  F. J. Zelley, Nuclear Safety of 1.47 Percent 
u-235 Enriched Uranium Shipnent, Jwx 5> 1961. 
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intensity w a s  achieved with no observable broadening of the crystal  moasic 
within the precision of the measurement of about two minutes of arc. 
puench produces drast ic  effects on the macroscopic s t r u c t u e  of the crystal: 
fracture lines, chips, and possible step dislocations. These studies are con- 
tirnr.i.nn* 

The o i l  

Messuremcnts were made with a gumanium single crystal  manochrcmstor of the 
shape a i  the fission cross section of ~ ~ 2 3 9  at low neutron energies. prelim- 
iaruy results confirm the absence of any s i w f i c a n t  fraction of second order 
reflection frun the (ll3) diffracting planes. 
t o  be the best available crystal  t o  use for fission measureraents in the range of 
0.02 t o  0.1 ev. The reflection efficiency is s t i l l  too low, however, for use 
as a monochranator a t  higher energies or in scattering measurements. 

The present crystal is indicated 

Slow Neutron Scattering Cross Sections 

The series of meemurexnents of e las t ic  neutron scattering by vanadium a t  liqyid 
nitrogen temperatures t o  determine the spectrameter resolution and efficiency 
mctions is still in progress. 
interpretation of the resul ts  of measurements of slow neutron inelast ic  scatter-  
ing fram water. Energy analysis runs have been made at 0.10, 0.15, 0.20, and 
0.25 w. Angular distribution mna have been made a t  0.10 and O,25 ev. 
addition, a few roam-temperature runs were made during periods when the auto- 
matic lispria nitrogen filling system was imperative. 
f icul t ies ,  mostly involving icing of the filling control system, oaly abaut 
one-half of the attempted cold runs have been successful. 

These measurements are desirable for the 

In 

Due t o  a variety of dif- 

Data *am last suuuner's measurements of the quasi-elastic scattering of 0.147 
ev neutrons f run  water have been processed using the IYELASCA!2 data reduction 
program. 
gauesian peek shapes using the GAUSSFIT program. 

The processed data are being prepared f o r  quantitative f i t t i n g  t o  

IBst Neutron Cross Sections 

The vernier chronotron has edhibited three different types of nommiformity 
in -1 width in the past: (1) A monotonic change of width w i t h  channel 
number, (2) a localized an-;, and (3)  a periodic fluctuation whose ampli- 
tude increases severely towards large delay times. 
present t o  8- extent even when the Mark II chronotron w a s  cmpleted two 
years ago. 
led in March. 

Types (1) and (3) were 

Type (2) first appeared when the new time-mark generator w a s  instal- 

Qrpe (1) w a s  sham in Agril t o  3e due t o  a definite waveform controlliPg one 
of the biases in the start-loop circulating emplifier. 
t o  a fraction of 1 percent by correct setting of the DC biases. 

It has now been reduced 

D u r a  June an intensive stw of Types (2) and (3 )  was canpleted. 
w a s  traced t o  iaadeqpate decoupling of the parer supply t o  the time-mark 
generator, and has been cured almost completely. 
l e t e ly  understood, but a variety of control measures have decreased its ampli- 
tude several-fold. The different ia l  l inesrity is now constant vithin 0.5 per- 
cent uver 180 m, .%-@ w i t h i n  2 percent for another 50 m. 
i ty is an order of magnitude better,  since the perturbations average out over 

! I y p  (2) 

TSrpe (3)  is s t i l l  incaup- 

The integral  l inear- 

I 2 5 2 3 8 3  
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nearly the entire range. 

Testing of the new pulse-shape discriminator is  being extended t o  a wider range 
of operating points. A coinc$dence cir-  
cuit  has been installed in the chronotron t o  permit slmltaneous height and 
shape c r i t e r i a  t o  be applied t o  each pulse accepted. Its performance is satis- 
factory. 

A study w a s  canpleted of the problems attendant with using l iquid sc in t i l -  
l a to r  with neutron and gemma pulse shape difference characteristics as a fast 
neutron detector. 
expected from the sc in t i l l a tor  detector system and the aver-all resolution 
problem for t o t a l  cross section measurements in the region of 2 t o  14 MeV. 
As a result  of these studies two liquid sc in t i l l a tor  ce l l s  were designed t o  
operate with the 56~m and 5 8 ~ ~  p h o t d t i p l i e r  tubes. 

Results t o  date are inconclusive. 

Studies were also made of the energy resolutions t o  be 

Instrumentation 

Tests were made with a mercury relay l ight  flasher on the 9 A V P  multiplier 
phototube. 
cathode, a canplicated electron optical system, and a 14-stage electron multi-  
p l ier .  
capabilities . 
m e  r i s e  tisne, in terms of mil l iamps  per nanosecond, is about twice as fast 
as the 6810~ type tube which is nuw in use. A more important parameter, for 
time-of-flight work, is the variation in time of the output pulse as a func- 
t ion  of the originating point on the phcrtocathode. With th i s  tube, the elec- 
tron optics can be adjusted t o  give a spread of about 13 nanoseconds over the 
four-inch-diameter usable cathode. For a three-inch diameter, the spread is 
negligible; i.e., l e s s  than one-half nanosecond. 
than the 6810 series tubes and t h i s  tube should be of valce in improving fast 
neutron time-of-flight instrumentation. 

This tube is naninally a five inch size, with a curved photo- 

It is designed t o  have a fast t i m e  response, and high output current 

These figures are much bet ter  

PLUTONIUM RECYCLE PROGRAM 

S m a l l  Source Theory Analysis of PRm Flutonium Loading 

The nmn'l'l source theory analysis of the PRTR subcrit ical  tests using only plu- 
tonium fuel w a s  continued. 
is being used and fuel element parameters are being evaluated fram infinite 
mediun ce l l  calculations using a cylindricized version of the l9-rod cluster 
fuel elements, For reasanable ranges of values of the material parameters, 
the calculated react ivi t ies  for  the experimental l l - rod loading and two postu- 

The relat ive insensit ivity 
of the incremental react ivi t ies  t o  these values indicates that these increments 
can be determined with reasonable accuracy in spi te  of the low over-all accuracy. 
To aid in th is  analysis, the heterogeneous l a t t i c e  code, €El!, vas improved and 
enlarged. 
and a routine t o  calculate flux traverses along a specified direction w a s  added. 

A 2-group diffusion theory model of the moderator 

' lated =-rod loadings are high by several percent, 

The input routine w a s  m o d i f i e d  t o  f ac i l i t a t e  i n t r a c t i o n  of data 
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PRZB Startup Bcpcriments 

The data w h i c h  were obtained fran lutetium foils mounted on the center element 
of the reactor loading for Cri t ical  Test 1.5 and 21 have been analyzed. 
sets of data were obtained in Crit ical  Test 15. 
the moderator contained N 19 mg of boron per l i t e r  of %O. Two other sets  
were imadiated with no boron but a t  two different h e a t s  in the reactor. 
The foils In Crit ical  Test 21 were irradiated w i t h  shims in the reactor but 
w i t h  no boron. 
have been determined in the analyses. 

Three 
Om set  w a s  irradiated when 

Cadmium ra t ios  of the lutetium isotopes and spectral Indices 
The resul ts  are listed In Table I. 

TABLE I 

Position of Foils 
(inches abme zero 

moderator lev& 1 
47 .6Ir 

49 n 

Reactor Cadmium Ratios 
configuration Lu-175 LU-176 

CP 15; no shim; no 1.43&0.010 78 f 9 
boron; Crit ical  
level 61.6" 

Same as above 1.427&0,.006 84 f 3 , 

CT 15; bora ;  no 1.437*0.004 81 f 3 
nhimn; c r i t i ca l  
level 93.1" 

CT 21; no boron; 1.3g6i0.007 70 f. 2 
shims; c r i t i ca l  
level 101 

Spectral 
Index (OK) 

361 f CJ 

359 f 10 

Wtichannel  Analyzer 

One type of nickel f o i l  w h i c h  has been used with plutonium and uranium f o i l s  
for spectral index measuremepts has been suspected of being contaminnted w i t h  
mangaaese. Another tyee which has been used more recently w a s  believed t o  be 
made fran more pure nickel. A contaminated f o i l  is not easily detected since 
the prednn.tnant manganese and nickel ac t iv i t ies  which are produced by neutron 
capture have the same half l i f e .  Foils which were made fran the two types of 
nickel have been irradiated and analyzed with the multichannel analyzer In 
order t o  determine the relat ive purity of the foils. 

rum of both types of nickel contains peaks characteristic 

manganese and apprcucimat- 718 ~ n d  1/0 of the t o t a l  counts were *an manga- 
nese and nickel, resgectively. 
percent is sufficient t o  produce .the observed ac t iv i t ies .  
waa observed w i t h  a half l i f e  < 2 weeks. 
Intensity that it w i l l  not cause any special problem. 

The-=Tt? of manganese (I& ) . Each type of nickel has about the same proportion of 

A mangesese contarninntion of only about one 
Another contaninant 

This act ivi ty  w a s  of such a low 
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Effect of Absorbing Rod on Neutron Euergy Spectnrm 

m e s t i g a t i o n  of the neutron flux in the vicini ty  of an absorbing rod is continu- 
ing. Blackness boundary conditions on the Surface of the rod are used t o  des- 
cribe l / v  absorption w i t h  Breit-Wigner resonance terms. 
Carter, Atlee, and KBhan (HW-62727, HW-67219) has been advanced t o  include the 
resonance term. An analytical solution has been found t o  the d i f f icu l t  integ- 
rals that this term presents, and the solution is being programmed. 

The previous work of 

C o d e  Developnent 

MEl;eAGER Code 

Minor changes in the code were made prior t o  the AAJR canputations. 
extension of the resonance self-shielding expression t o  include them non-l/v 
cro8s sections and introduction of an empirical t h e m  flux-depression factor 
t o  imprwe calculations of thermsl ut i l izat ion and spectral index. Effects of 
these changes are normally small but nay be important in cases w i t h  high pluto- 
nium content in the fuel. 

They include 

Wessex- I1 

Reactivity endpoint convergence appears t o  be extremely difficult t o  achieve .in 
this code, and w a s  removed frun the program. 
t ing  procedure, which w i l l  a l so  serve t o  pravide more data fran each run of the 
code. 

It w i l l  be replaced by a curve f i t -  

RBU 

Input has been par t ia l ly  constructed for a cslculatlon of the PRTR core. This 
consists of a 30 degree ver t ica l  sector, containing all regions i n  full deta i l  
except for  the shims, w h i e h  are symmetrized t o  sane extent. The NPR c e l l  problem 
received further detailed analysis t o  determine effects of cross section changes. 

- 

C-6 - 
A xumber of minor bugs in the C-6 code have been located and corrected. A sub- 
routine has been coded for  C-6 which w i l l  punch the calculated group constants 
in a form acceptable t o  HETI. This subroutine has not yet been debugged. Work 
has begun on a code t o  generate a 100-group cross section library tape f o r  C-6 
frcm the RBU data tape. 

The Cri t ical  Facil i ty of the PRP 

a. PRP-CF Fuel Elements Data have been canpiled for the fuel  elements which 
are available for  use in the PRP-CF. These data Include the percent of 
theoretical  density for  each of the U0;r elements, ncpniaal values of the 
isotopic canposition of the Pu-A1 alloy, and the amount of Pu i n  each Pu- 
Al element. 
the theoretical  UQ density, t en  between 82 and 84 percent, and five between 
85 and 88 percent. 
between 258 and 264 grams per element for  8 Mark 1-H elements and between 
267 and 274 grams per element for  22 Mark 1-G elements. The Mark 1 - H  and 
Mark 1-G di f fe r  in the thickness a d  type of Zircaloy cladding used on the 

Two of the UQ elements varied between 76 and 79 percent of 

The plutonium content of the ~ u - f i  elements (30) varied 

1 2 5 2 3 5 b  
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b. Photoneutron Problem In DpO Moderator 

One of the problems which w i l l  be encountered in the heavy water experi- 
ments will be a large contribution of photoneutrons fran the (y,n) reaction 
between the fission-product &amma rays of an irradiated element and the 
heavy-water moderator. Although this contribution could be greatly reduced 
by making the mesauranent in QO, there I s  M e r e s t  in making the measure- 
ments in @O also. 
the (7,n) effects fran the usual reactivity effects w h i c h  are t o  be determ- 
ined. Three of these are: 

Various methods m e  being considered t o  help separate 

i) Using cylinders of lead or  binnnrth t o  marruund the irradiated fuel ele- 
ment and Feduce the fission product gaxma rays. 

U) react ivi ty  measureaents a t  various times when the fission-product 
gama rays hare different M e n s i t i e s .  

iii) react ivi ty  measurements a t  various parer levels. 

C. 

Lead is a l i t t l e  more effective than bisnnxth for reducing the gama rays, 
w i t h  an energy > 2.23 Mev, which psrficipate ia the (7,n) reaction. Lead 
1.9 inches thick and bismuth 2.2 inches thick w i l l  attenuate the gamma rays 
by a factor of 10. 
of lead. 
d is tor t  the neutron spectrum l ess  when it is Inserted in the c r i t i ca l  fac i l i ty .  
Informstiozl hss been requested on the p i t y  of lead and bismuth which is 
available camercially, and also on the sizes of tubes w h i c h  can be extruded 
frun lead, bisrmrth or an a l l o y  of the two materials. 

For short irradiation times, the intensity of high-energy gannna rays axe 
reduced by a ractor of 10 during the period of one week t o  six weeks sf ter  
the irradiation. 

The absorption cross section of bismuth is 0.2 of that 
!Ibis makes bismuth a l i t t l e  more desirable than lead since it w i l l  

Other laboratories have obtained react ivi ty  measurements on smaU irradiated 
samples in %O moderator by making the measurements a t  more than one power 
level. On this technique the ( y g n )  neutron source can 'lie determined and i ts  
react ivi ty  effect  separated fran the measurement. This method of measure- 
ment has not been a t t e e d  OIL full sized fie1 elements where the photo- 
neutron effect  would be mch larger. 

ARMF-KCB Ekperiment 

Re8UltS of react ivi ty  mea8uremepts on the unirradiated fbel Samples for the 
ARMF-MIIR experiment have been received. 
were made on a single samgle as well as measuranents fo r  each semple in 
order t o  detennine the accuracy which can be obtained in the ARMF. 
set  of measurements the orientation of the sample w a s  a lwws reproduced. 
For arrother set  the sample w a s  rotated fran its normal position. 
reactivity of the samples when caqared t o  the empty reactor Was 
Reactivity values agreed t o  w i t h i n  
sample. 

Several reactivity measurements 

For one 

600 pk. 
The net 

1 pk f o r  three measurements on a single 
Rotation of the sample had no effect on the value of Its reactivity.  
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same d i f f icu l t ies  have been encountered in the fabrication of the plutonium 
sanples which w i l l  contain boron. The value for  the amount of boron put in 
the plutonium alloy is much larger than the value determined in a spectral- 
chemical analysis of the sample. It is not known whether the problem is 
metallurgical or analytical. 
non-uniform dispersion of the boron in the allay or by fa i lure  of the 
analytical technique. 
analyzed by spectrographic techniques. 

The inconsistency could be caused either by 

To help resolve the inconsistency a sample w l l l  be 

Low Exposure plutonium Lattices 

The f o i l  activation data fram the three graphite l a t t i c e  experiments (63, 
8-3/8 and le inch pitch) have been analyzed, summarized and tabulated. 
c o n t w  t o  resolve several inconsistencies In the dSt8. 

. 
Work is 

plutonium Fuel Temperature Coefficient 

Fabrication of the heating device and the insulated c e l l  for  this experiment is 
about 20$ canplete . 
Advanced Pressurized Water Reactor Study 

The AAJR cangutations were caapleted at the end of the month. 
results t o  temperature, thenaal uti l ization, slowing down power, and fuel density 
w a s  determined by variation of these parameters independently and in a few can- 
binations. 

Instrumentation and Systems Studies 

Enriched uranium (9346 $35) w a s  received t o  permit fabrication of several 
experimental "last ditch" safety f'uses for  the PRPCF. 

Sensitivity of 

Analysis of results is currently under w a y .  

Technical support and assistance continued concerning the PRTR Fuel ELement 
Failure M o n i t o r .  
be- incorporated by PRTR maintenance personnel as time permits. 
tests and modiiications w l l l  be camnenced as soon as the changes have been satis- 
factor i ly  incorporated 

Advice w a e  rendered concerning improvement of .several types of building and 
effluent radiation monitors now in use a t  FR@. 

The required changes and improvements requested are slowly 
Flacrl system 

A scaling system ha8 been develqed for  the Cri t ical  Facility. 
camposed of two one-microsecond resolving time scalers, a slaw scaler t o  act  as 
timer for  these two fast scalers, and a double scaler t o  act  as a pair of stop- 
watches t o  be used in measuring the reactor period. 
solid state,  w i l l  be adaptable t o  printout, and w i l l  have N i x i  readouts. 
one-microsecond scslera are being desimed as flexible, general purpose Instru- 
ments with applications t o  many counting systems on plant. 

This system IS 

This system wlll be all 
The 

Linearity t e s t s  were &e using the 1.0 x 0.5 inch active surface mea trans- 
ducers, which were purchased t o  measure the w a l l  thickness of the PRTR process 
tubes. The tes t s ,  using a model 14 Vidigage w i t h  gating attachment, and an 
auxiliary integrating amplifier, were made over the existing w a l l  variations of 
0.140 t o  0,170 inch, a d  a l inear  o lmtp r r t  of 1.76 volt/0.001 inch w a l l  change W a s  
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observed. 
sensitivity and l inear i ty .  

This would indicate that these transducers can prcvide required 

pani&u& Gpp A u d u a  Gauge, w a s  fabri- 
cated t o  evaluate the mechanical problem associated w i t h  passing a borescape 
through the probe assembly. This mockup served a second f'unction, in that it 
w a s  partially fabricated f r a u  a special Daw-Corning m o l d i n g  caupuund, a radia- 
tion-resistant raaterial whose machinability required evaluation. 
caaiinned ear l ie r  susplciane that the addition of a borescope w i l l  present 
sane rather diff icul t  mechanical design problem, and that several such mockups 
w i l l  probably be required before a satbfactory design is obtained. 
mechanical properties of the m o l d i n &  canpound are such that it shapes nicely on 

a. "tougher" filler can be found which won't appreciably reduce the present 1 3' B 
a lathe, but thin sections of the material are qulte b r i t t l e .  

in-reactor l i f e  of the material. 

GQtJ JW&E y3ar we w & t b  &be 

. . 
The mockup 

The 

It is hoped t 

A paper, "An lady cufient Technique for Measuring the Tube-to-TUbe Anrmlu in a 
Rucleeu? Reactor" (HwSA-2213), w a 8  written and subndtted for clearance for presen- 
ta t ion at the mrational Convention of the Ndes t ruc t ive  Testing Society in 
October, 1961. 

The HlTR Gas ^F\rl.nnce -tea -is is in progress. 
is t o  determine the values of the system parameters necessary t o  improve the 
mer-& s tab i l i ty  of the system. Of M e r e s t  is the undamped natural frequency 
of the system cauponent sections. The *andamped natural frequency of the gaso- 
meter has been detexmlned t o  be apprcncimately 0.12 cycles per second. This agrec 
closely with the calculated wsLne. The n a t u a l  frequency of the system as a 
whole, as determined the d o g  canputer, is approximately lol cycles per 
second. 
meter is its damping coefficient. 
for  this coefficieat mathematically has been found. 
determination of this coefficient by making experimental measurements on the 
a c t u  system w i l l  be & m e w .  Another factor having a considerable bearing 

gasometer must be greater thas about 350 a b l e  feet in order f c r  the moderator 
level  t o  be raised t o  its normal operating point a d  t o  maintadn stable cpera- 
ti= around this point. 
tatal weight of the gasaneter piston and ccnuaterbalance, tke sizing of the or i -  
fices, and the nanlnal gasaneter pressure. 

A request has been received fc mske same additional. analog runs fcr  the PRTR 
Cri t ical  Facility. W s  additional study has t o  do with the operation of the 
poison injection scram systemo 
becapne available making It necesssry t o  r e m  this part  of the or iginal  work. 

The purpose of the study 

One of the most important unkscrwn quantities associated with the gaso- 
No method cf arriving a t  a reasonable value 

It appears likely that a 

ap the system stabil i ty has emerged rram this study. The initial volume of the 

Other parameters which are  t o  be studied include the 

Hew information relating t o  this system has 

n bTWRl(0n EUJX MONITQRS 

!Lbe sensi t ivi ty  of apt- neutron detector compositions w a s  exmined as a func- 
t ion  of time and variable in-coxe environments. The various cases, as sirmrlated 
with the Meleager caDIputer code, showed the plutoniun isotope detector neutron 
flux sensi t ivi ty  t o  be newly independent of mode of burnout throughat the use- 
f'ul l ifetime of the detector material. 
not hold, however, for canbination uranium-plctonium isotope detectors. 

The effect of constant sensi t ivi ty  does 
Such 
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canbination units produce unacceptable vsriatione in sensit ivity for various 
burnout modes throughout tke detector lifetime. Because of the foregoiag and 
of the following considerations, it becomes apparent that a plutonium isotope 
detector is superior t o  the canbined type. 
tend t o  eliminate the ccmbination type  from -her consideration are as 

The addi t ional  features which 

c rouaws : 

1. 

2. 

Changes in sensi t ivi ty  acc- abrupt flux level shirts; 

Difficulties in predicting detector sensi t ivi ty  for  even 
conservative lifetime predictions; 

3. The l a w  value of expected detector sensitivity, a smal l  signal 
magnitude, and a poor neutron t o  in-core gama signal ratio;  

4. The theoretical determination of only one-half the expected l ife- 
time 88 canpared t o  a plutonium detector. 

Theoretical computer investigations are proceeding t o  refine the plutonium 
isotope detector into acceptable form f o r  experimental fabrication. 

Electrauqnetic Testing 

Investigation of pulsed eddy current techniques has heretofore been concerned 
primarily with methods t o  accurately detect small variations in the response 
function due t o  parameter changes. O f  the technlqqes considered for this, it 
presently appears that those providing the most sensi t ivi ty  t o  such changes 
involve description of the response function on sane orthogonal basis. 

The next problem, now under study, is t o  determine with sane degree of accur- 
acy the system parameters once the response variations are detected. This is 
a very d i f f icu l t  problem, because it is necessary t o  process the response func- 
t ion  t o  provide Mependent estimates of the parameters of interest .  In 
real i ty ,  it is qzzite likely that changes in one parameter may be appraximately 
equivalent t o  a combinstion of changes in others, so it w i l l  be necessary t o  
Introduce constraints, probably empirical, in order t o  instrument paremeter 
C h a n g e s .  
means of providing these constraints and is exploring optimizaticn of problng 
signal and response function processing 3y techniques w h i c h  show considerable 
pr@se e 

Professor Huggins at Johrrs Hopkins University is exploring s t a t i s t i c a l  

A t  HAP0 various new and rapidly developing disciplines are be- reviewed for 
techniques which might be applicable t o  this problem. 
control is receiving special attention i n  t h i s  respect, since process identi- 
f ication is basic t o  it. 

C i r c u i t s  similar t o  those proposed by $. Mishkin, Brooklyn Polytechnic Inst i tute ,  
show promise of making descriptions of response functions on orthogonal bases 
much more practical  by ellmlnating the necessity for time-reversal of the res- 
ponse function. These circui ts  are  more complex than those ased with the time 
reversal technique, and the extent t o  which the advantage of eliminating the 
need f o r  a t i m e  reversal unit may be reduced by added circlzit ccmplexity must 

The f ie ld  of adaptive 

b ned 
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The two lOO-section, 100-microsecond delay l ines  returned t o  the manufacturer 
for  proper tapping at each section have been received and are ready t o  be w i r e d  
into the Hanford a r t i f i c i a l  t r d s s i o n  l i ne  type time reversal device. 

A n  invention disclosure on a scheme t o  s tabi l ize  the temperature of eddy cur- 
rent t e s t  coils w a s  written and forwarded. 

A report jointly written by R. Le Brown, Jr., and H. L. Libby titled "Detection 
of Anisotropic Conditions using EUY Currents", HW-692~1, was written ~ n d  
issued. Clearance has been requested f o r  presenting this paper at the National 
Convention of the Society fo r  Nondestructive Testing in Detroit in October, 1961. 

A formal report, "Broadband Electranagnetic Testing Methods - Ptwt 2 ,  signal 
Aaalysis" by E. L. Libby and C. W. Cax, HW-67639, was issued. 

Heat Wansfer Testing 

Heat transfer t e s t s  on a co-extruded Zircaloy-2 clad uranium h e 1  element shared 
extremely poor core t o  cladding heat transfer quality on one side m e r  the entire 
length. 
unbonded areas in the regions of poor heat transfer.  

Metallographic studies have indicated that plasma arc heating of x-8001 alumi- 
num alloy cladding during heat transfer tes t ing does not change its microstruc- 
ture. 
resistance had not changed, and that a metallographic t e s t  was the best method 
available without an actual in-reactor corrosion t e s t .  This resul t  is  not sur- 
prising since the surface temperature drops t o  l ess  than 8 5 " ~  i n  less  than 1/30 
second a f t e r  application of the heat. 

Feasibility experiments in connection with development of an emissivity inde- 
pendent infrared radiometer are underway. 
meter, auxiliary heat source, optical band pass f i l t e r ,  and heated surface t o  
be measured were placed i n  positions indicated in invention report HW-68574. 
The results were found t o  be c r i t i ca l ly  dependent on placement cf ccolponents e 

Initial results could not be reproduced, probably because positions of canponents 
were not fixed rigidly enough in position. 

A sonic damping t e s t  applied t o  t h i s  fuel element indicated massive 

Corrosion and C o a t i n g s  Operation f e l t  this resul t  indicated the corrosion 

A canmercial high sensi t ivi ty  radio- 

Zirconium w i d e  Detection 

Hall Effect voltage measurements were made using six standard samples t o  estab- 
l i s h  the relationship between Hall voltage and concentration of hydrogen con- 
tained i n  the samples, 
measurements shared the relationship w a s  not monotonic. 

A t r i p  w a s  made t o  the University of California at Berkeley, Stanford University, 
and Varian Associates in Palo Alto, California, t o  discuss the feas ib i l i ty  of 
applying nuclear msgnetic resonance t o  hydrogen detection. 
Zircalay were Aumished V a r i a r r  Associates for  determination of the relaxation 
times of hydrogen in Zirconium. mowing the relaxation times w i l l  enable the 
signal-to-noise r a t i o  for  different concentrations of hydrogen t o  be calculated. 

Between zero and 1000 p p  by weight of hydrogen, the 

Two samples of hydrided 
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A high uniformity Varian electranagnd was used t o  check the H a l l  voltage meas -  
urements made using a mal l  permanent magnet. 
se t s  of measurements was very good. 
coefficient of Zircdoy-2 is 4.4 x 10-13 , appraimately 1/3 as great 

as the reported value 
due t o  the concentrations of elements other than zirconium in the Zircaloy-2. 

The agreement between the two 
A t  zero concentration of hydrogen, the H a l l  

emp 
the l i t e ra ture  fran pure zirconium. This is possibly 

J 

Becuae the shape of the m e  connecting the values is not single valued, 
zircaloy-2 seunples with hydrogen concentrations between 1,000 and 15,000 ppn 
have been prepared. With these samplesp measurements should establish whether 
some trend of Hall coefficient versus sample hydrogen concentration exists for  
samples with higher concentrations of hydrogen. 

The first draft of the report of the effect  of low hydrogen concentrations on 
Hall Effect in zirconium has been caupleted. 
ccmpleted when the higher hydrogen content samples are measured. 

The report will be revised and 

A preliminary experimental setup is being made t o  see i f  any change in Young's 
M o d u l u s  occurs in Zircalay-2 as a fianction of hydrogen content when the sample 
is placed in a -etic field.  
inches have been prepared by the machine shop. 
t o  a 16-microinch finish. 
t o  500 ppn H by w e i g h t .  
transducers, the first t o  pulse one end of the sample and the second at the other 
end of the sample t o  look for  a w e .  in the velocity of the canpression wave 
when the sample is placed in a magnetic f ie ld .  

USAX,/AEZL Cooperative hrogram - Nondestructive Testing of Sheath Tubing 

The developnent program for  ultrasonic tes t ing of fuel  sheath tubing was author- 
ized and begun in early J b e .  Developnent of the ultrasonic t e s t  method, equip- 
ment, and theory is the responsibility of Physics and Instrument Research and 
Dwelopent Operation. 
characterization of flaws, ami related metallurgical studies are the responsi- 
b i l i t y  of Reactor and Fuels Research and Development Operation. Objectives of 
the program are as foI.I.uws: 

Five samples with dimensions by 13 by 44 
The ends have been ground psra l le l  

The initial plan is t o  use two ultrasonic barium titanate 
m o g e n  concentration in the samples ranges fran 0 

Develgment of methods f o r  preparing test standards, 

1. 

2 .  

3.  

4. 

Develop equipnent requirements and techniques fcr sensitive and 
re l iable  ultrasonic iietecticm of defects in Are1 sheath tubing. 

Prepare standard calibration and tes t ing procedures for suitable 
application in a tubing fabrication plant. 

Demonstrate the effectiveness of the developed test methods, theory, 
eqyipaent, and procedures by testing a variety of tubing types of 
interest ,  and by canparing the results with those of other nondestruc- 
t i ve  t e s t  methods and destructive examinations. 

Advance the theoretical  and experimental &erstanding of -ultrasonic 
energy propagatloo in t h in  wall tubing t o  the extent needed t o  achieve 
the above obJective6 
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I n i t i a l  work on this program is establishln6 characteristics of the defect 
types desired t o  be detected, defining tubing variables which may affect  the 
t e s t  results,  and beeinning experiments t o  choose the best ultrasonic crystal 
and t e s t  f r e m c y .  Structwal Materials Develapment Operation of RAFRAD is 
preparing groove type s r t f f i c i a l  defects f o r  t e s t  s t m  by Electrojet 
sp=k - 0  

PEYSICAL -CH - 05 PROGRAM 

Mechanism of Graphite Damage 

Measurements of electron radiation damage t o  graphite continued. 
that use of thlnner samples of m p h i t e  resulted in thermal cycling that gave 
&leading results. 
Flfth Carbon Conference. 

It w a s  found 

Bel- resul ts  of these studies were reported a t  the 

Aaospherlc Physics 

Work continued into the theoretical  formulation of atmospheric diffusion e p -  
tianis t o  describe the chsracterist ic shear f l w  found in most of the experiments 
coarducted during temperature inversions. 
d e s a e d  t o  account for  w i n d  direction shear with height were developed joint ly  
with A i r  Force Geophysics Laboratories' personnel and were presented t o  the Ameri 
can Meteorological Society this manth. Dosage messurements made on the cylindri- 
cal  surface formed by the horizontal and vert ical  sampling grids a t  a given arc 
distance were fourd t o  exhibit maxima in the ver t ical  w h i c h  changed i n  height 
with azimuth angle, such that the l i ne  jo in ing peak dosages sloped upwards t o  
the right or l e f t  depe- upon the sense of the wind direction shear. In a 
hamgeneaus, turbulext meditrm, one would expect that isolines of dosage in a 
vert ical  plane perpendicular t o  the mean R w  would be ell ipses,  with the axes 
horizontal and vertical .  To account for the t i l t e d  appearance of the observed 
isolines, it w a s  bypathesized that the dosage in the cylindrical surface w a s  
given by the normJ frequency Arnction of two variables, with correlation between 
the horizontal and vert ical  positions of the par t ic les  on the cylinder. When 
the correlation is zero, the m o d e l  becomes the conventional diff;ssion formula. 
Both the Green G l a w  and Prairie G r a s s  data lend plausibi l i ty  t o  the model in the 
prel- w - e s  made t o  U t e .  

The elements of a diffusion model 

In Air Force-supported prop-, the first ser ies  of diffusion acperiments a t  
cape Canavere, ~lorida, w a s  canpleted on 16, sane two weeks ahead of 
schedule. A t o t a l  of twenty-three f i e ld  trials were cunpleted, of which twenty 
were subjectively assessed as successful, two were marginal, and one w a s  poor, 
the l a t t e r  serving primarily as a training exercise f o r  f ie ld  personnel a t  
startup of the experiments. 
ments ranged i ran strong atmospheric s t ab i l i t y  t o  strong atmospheric instabi l i ty ,  
characteristic of the East Coast "sea breeze" climatic regime. 
membrane f i l t e r  samplers were received a t  Hasford and were processed on the Han- 
ford developed ass- equipnent t o  determine the mass of zinc sulfide tracer 
material collected on each f i l t e r ,  in preparation for  more cauplete analysis of 
the diffusion data. 

Meteorological conditions embraced by these experi- 

All of the exposed 
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Startup of diffusion experiments a t  Vandenberg A i r  Force Base,, California, 
proceeded on schedule wtth the first f i e ld  trial ccmpleted on J b e  12. The 
Martin Canpany's f i e ld  operating forces were fu l ly  trained by General Elec- 
t r i c  C m p q  personnel during the previous week. 
eKperiments had been canpleted. 
experiments were received on-site and assayed for  t racer  loadings. 

By month end, eighteen 
Samples collected during the first nine 

The f ac i l i t i e s  at the whole body counter for  m e a s u r i n g  P-32 were calibrated 
by counting two patients frm the Division of Brperhental Medicine, University 
of Oregon Medical School, both before and after receiving injections of known 
mounts of P-32. 
t i om.  The sensit ivity of the 
counter w a s  found t o  decrease by 4oqb due t o  redistribution of the isotope in 
the subject during the first three days. 
were counted bath before and a f t e r  acquiring a body burden of P-32 that amounts 
as &mal l  as 25 nc could be detected. The studies began last month of the back- 
ground counting rate fran human subjects and indicated considerable variations 
between individuals. 
previous count on a subject +,hat only amaunts as emall as 290 nc of P-32 could 
be detected. If it becanes possible t o  correlate the background counting rate  
with measured quantities of other isotopes in the body it should be possible 
t o  detect smaller amounts without a previous count. 

Both patients were counted abaut f ive hours a f t e r  the inJec- 
One of the patients w a s  couated again l a t e r .  

It is estimated that if a subject 

A t  the present time it is estimated that if we had no 

The positive ion Van de G r a a f f  operated satisfac3orily during the month. 
leak in the high pressure system was found and repaired. 

A gas 

The counting system for  the large neutron moderator was cmpleted. Studies are 
underway with plutonium sources t o  determine the errors i~ measurement of the i r  
neutron emission produced by uncertainty in posi+,ioning the source and the 
rmultiplication of the neutron emission by neutrons absorbed through f iss ion 
in the source itself. 

While w a i t i n g  f o r  the Sb-124 neutron source t o  be activated an investigation 
w a s  made o f t h e  heat amplifier concept that w a s  conceived several years ago. 
The heat amplification is produced in the thermistors used f o r  measuring the 
calorimeter temperature. For a fked voltage on the thermistor, in%roduction 
of heat into the calorimeter reduces the thermistor resistance which results in 
extra heat being obtained fran the thermistor power supply. Heat amplification 
w a s  shown t o  actually take place. A n  amplification factor of 7 w a s  achieved. 

A persoaslly carried "pocket" experimental indicating dosimeter w a s  fabricated 
i n  a seven ounce package of 1.5 x 2 x 6 incnes volume. 
fied, autamatically recharging pencil-%y-pe ionization chamber. The circuitry 
comprises three transistors, a capacitor c b b e r  voltage supply, a miniature 
d ig i t  register, one shelf- l i fe  reference battery, an& a single mercury power 
battery. 
ing t o  about 10 m r .  The capacitor chsm'ber voltage sagply is charged i n i t i a l l y  
t o  about 180 V with a pencil charger or power supply. The stored energy is ade- 
quate f o r  a t  least 12 hours of operatior;, and the sf igle  power mercury battery 
w i l l  last fo r  about 50 huurs of contim.ms operation or  f o r  fm recharge cycles 

The detector is a m o d i -  

The register indicates accumulated dose w i t h  each regis ter  d ig i t  equat- 
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of the capacitor voltage supply. 
miniature, accumulated dose indicating and registering dosimeter using an 
ionizaticxi chamber detector. 
operational limits, l i f e ,  and cauplete characteristics; nevertheless, the unit 
was successful in  i n i t i a l  t e s t s  and is of the desired "pocket size". 
the unit incorporates digital  readout on a miniature electruuechanical register,  
aqy desired alarming features can be easily added, and the circuitry is directly 
applicable t o  telemetry ideas. 

The Unit represents the first lolown workable 

Zxtensive t e s t s  remain t o  be done t o  determine 

Since 

-cation of final-fonn trassistorized circui t ry  a d  cabinet w88 canpleted 
far the experimental sc in t i l l a t ion  airborne plutonium monitor which uses co- 
incident count techniques t o  e l h i n a t e  radon-thoron b-aund effects. 
fabrication of the mer?hanical removable shroud aasembly for the two detector 
phototubes remaim t o  be done before demonstrations of the system can begin. 
Corrtixarous 1711lp1sg t e s t s  hsve been auccessfully conducted for several months 
on the canplete system in experimental facm. 
satisfactory and as good as predicted sane f ive months ago. 

Only 

Performaace t o  date has been 

Considerable improvement w a s  made in the ci rcui t ry  and ianization chamber 
assembly for the second approach t o  the pocket personnel alarming dosimeter 
problem. 
using a light for f iber  illuminatian, a lens, a C d 3  photocell detector, and 
transistorized circuitry.  
was designed using thermistors t o  obtain proper phatocell readout. 
the le- system w a s  reoriented t o  imprme the signal-to-noise r a t i o  by a 
factor of four mer the previous rat io .  
for application t o  the t ransis tor  amplifier and alarming circuitry.  

The second approach emplays a m o d i f i e d  self-re- pencil dosimeter, 

A successArl temperature canpensated bridge circui t  
In addition, 

The detector-bridge circui t  is now ready 

The newly designed sc in t i l l a t ion  detector probes f o r  the transistorized cclpbined 
Alpha, Beta, Gamma Hand and Shoe Counter were cactpleted, assembled and tested 
satisfactorily. 
after which only final checkout t e s t s  remain before the instrument is sent t o  
the 200 Areas for demonstration. All readout is via registers.  

Instal la t ion of the probes in the instrument is nearly caapleted 

Fabrication, assembly, and t e s t s  were canpleted on the sc in t i l l a t ion  detector 
probes for the qer imeptal  Wototype transistorized Eeta-Garama Check-Out 
Station Monitor for 100 Area use. The electronics portion of the Instrument 
I s  90$ ccmplete in fabrication. This unlt uses rate-meter iadication with 
alarme, gamma background suppression, and it has addenda c lo thkg  and =ea 
monitor probes e 

Extensive trcnrbleshooting and t'de3uggingtt wark w a s  carried out concerning the 
PJrtcxnatic Film Badge Densitaaeter System. 
ieolationj and f i l t e r ing ,  it appears that the ccanplete system is nearly free 
of the transients which caused faulty operation. 
were caused by certain caumercial portions of the system such as the d ig i t a l  
voltmeters and the card-punch. 
has performed correctly in t e s t s  t o  date. 

After strenuous effort  in grounding, 

The actual transient problems 

@.I. circui t ry  developed and fabricated on s i te  

A new preparation of CaF2 w a a  made for fabr ica t im of more experimental 
C q : -  garmpa thennoluminescent dosimeters, 
button used t o  hold tke CaF2:m w a s  made t o  imprave the magnetic coupling w i t h  
the induction heater work coi l .  
ance with each modification aevised. 

Modification of the metal mounting 

Cont.inued tes t ing ehms Fmprovement in perfom- 
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A summary report was prepared concerning developnent progress on the si l icon 
surface barrier detector diodes over the past f i s ca l  year. The Information 
w a s  presentedto Finished Products Chemical Technology, CPD, who are interested 
in rendering further support on the developnental project for alpha and neutron 
detection and energy analysis work applicati&s. 

Bcperiments were made with various large air-coupled light pipes f o r  use in 
inexpensive gross alpha manitoringo 
t i v e  area and one phototube produced an average geunetry of 22s with a 
signal-to-noise r a t io  minimum of 3:10 
mental Laundry Monitor System. 

One unit using an 8 x 8 inch z n ~  effec- 

Such units w i l l  be used for  the experi- 

WASHII?GTON DESIGNKCED PROGRAM 

Isotarric Analvsis 

No analyses were provided on program samples this month. 

More data were accumulated from analyses of uranium standard samples i n  order 
t o  study the nature of the recently observed intensity bias of the ion detection 
system. 
s t a t i s t i ca l ly  for goodness of f i t  t o  a proposed bias Rtnction. 

The results of 29 analyses on 5 uranium standtwds are being tested 

TEST REACTa OPERATIONS 

The Hanford Operations Office of the A E  conducted a one-day review of PCTR 
operations on June 19. 
PCTR had been significantly modified since i ts  hazards s- report w a s  
written in 1954. 
m o d i f i e d ,  and that operations under the old report are s t i l l  permissible. 
supplement t o  the old report is being prepared t o  ref lect  up-to-date knowledge 
of PCTR operating conditions. 

The purpose of the review w a s  t o  determine whether the 

The conclusion reached was that it had not been significantly 
A 

The PCTR operated routinely during the month and there were no unscheduled shut- 
dawns. 
any contamination problems. 
investigation w a s  canpleted. 
reactor core and inside a large copper bar. 

The plutonium ni t ra te  solution &,, determination w a s  canpleted without 
A neutron thermslization in heterogeneous rods 
Neutron f l u e s  were measured in the graphite 

The las t  ditch saiety shutdown mechanism of the PCTR is provided by melting 
of the highly enriched hollow driver fuel. 
measure t h i s  reactivity lose w a s  canpleted. 
induction furnace. 

A ser ies  of acperiments delsigned t o  
The fuel pieces were m e l t e d  in an 

The data are being analyzed. 

One limit on reactivity reproducibility has always been inexact reposition of 
the mwing face of the reactor. 
differences of 0.0005 inch. 
Mechanical changes t o  the mwing face carriage w i l l  be made i f  the position 
indicator shows it t o  5e worthwhile. 

Reactivity measurements easily detect position 
A sensitive position indicator system w a s  installed.  

Two se ts  of f o i l s  were Irradiated i n  the TTRr one se t  for  standardization and 
one t o  check for possible containation, There were no unscheduled shutdowns- - 1 2 5 2 3 9 b  



Weather Forecasting and Meteorological Service 

Consultation servlce w a s  rendered on meteorological and climstologlcal aspects 
of 1) determinstian of atmospheric dust loadings for f i l t e r  system design, 2) 
NPB ~Optainmexrt, 3) sit- of a chenlcal processing plant now under feasibility 
study, and 4)  r u t i v e  vulnerability of certain areas of the wahl~ke =ape t o  
production plant emergency releases t o  the atmosphere. 

Short-range forecast of Columbia River f l o w  continued t o  be included ia tape- 
recorded messages throughout the month. 

of Forecast Number Made $ Reliabil i ty 

85.6 
86.1 
82.9 

A m r a n  temperature of 74.0 established the past month as the second wannest 
a oi record. 
high of 108 during the past month has been exceeded in J b e  only in 1912, the 
first yeaz of record in the W o r d  Area, when the temperature went as high as 
110. 

of 1922 (the w a n n e s t )  had a mean of 75.4. The extreme 

Precipitation for the pest month totaled 0.42 inch, which was 6% of normal. 
All of this occurred during the first eleven days. 

Wind speeds averaged a l i t t l e  below normal although there were several days with 
very strong speeds for brief periods. 

Instnmrentation and Systems Studies 

The ccmbined Alpha-Beta-Gama Cell mt Monitor f o r  Chemical Research Opera- 
t ion  325-A Building waa cungleted and sat isfactor i ly  tes ted for three weeks. 
The instrument w a s  demonatrated t o  interested cR0 personnel. 
of 5 C N  per section, the sections w i l l  each alann in 12 mixnztes f o r  a i r  concen- 
t ra t ion  levels or  2 x pc/cc alpha and 1.6 x 
product 8 .  

For a flow rate 

pc/cc for  mixed f iss ion 

Both High Level Alpha Air Monitors of the vacuum-tube type f raa  234-5 Build- 
hg, w h i c h  had not been performing correctly, have been corrected, improved, 
and returned t o  the field. 
200 West throughout the month. 
stalled in one unit snd the circui t  prints were changed accordingly. 
suggested in a memorandum report that the new supply be incorporated in a l l  
similar monitors in HAW use. 
concerning maintenance of the vacuum-tube units t o  forestall  Ajture problems as 
were observed in the two units. 

Both were in ccmpletely satisfactory operation in 
A more dependable high voltage supply w a s  in- 

It w a s  

The report also presented detailed instrclctions 

Discussions were held w i t h  peF30n11el from the 327 Building concerning operation, 
adjustment, maintenance, and sensi t ivi ty  levels of the recently installed proto- 
tJrpe moving tape beta genm~a air monitor which uses t r w i s t o r i z e d  circuitry 
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throughout. 
fabricated now that correct operation has been attained with the initial prato- 
type, 

Operation w a s  satisfactory for  the month. S i x  more units w i l l  be 

meriments  continued concerning the canbined alpha-beta-gamma conveyor t y p e  
~aundry M o n i t o r  for the Laundry Operation. 
area alpha probe w a s  successftrllytestedo Fabrication w a s  started on several 
t e s t  channels, all transistorized, for the system, aod a new type of contami- 
nated clothing drop device w a s  fabricated and tested. 

The m239 wound Monitor system, for detection of imbedded Pu239 in w o u n d s  using 
detection of the 17-Kev X-rays, was  successflrlly tested for the month and w a s  
installed in the Medical Wding,  200-West Area. 

Fabrication continued in the 328 Electronics Shop on the following instruments 
developed for  specific application use: 

A prototype air-coupled 8 x 8 inch 

- 

1. A special sensitive sc in t i l l a t ion  Beta-Ganmrs. Portable Field Monitor 
for  the Biology Operation. The unit, all transistorized, includes 
amplifier, pulse height analyzer, scaler, count-rate meter, and assorted 
pmer supplies 

2 .  Two experimental prototype transistorized G.M. portable survey instru- 
ments incorporating a count-rate meter, high voltage supply, and the 
amplifier and resonant air column type loudspeaker. 
a f t e r  evaluation, will be fo r  Radiation Protection Operation. 

mese units, 

3.  Two miniature "palm-size" gross alpha monitors using si l icon surface- 
barrier diode alpha detectors, and transistorized amplifliers and 
resonant air column speakers. These units are for Finished Products 
Chemical Technology, 0. 

A special heavily shield& sc in t i l l a t ion  detector plus transistorized circuitry 
instrument w a s  designed, fabricated, and successfiilly tested f o r  Coolant Systems 
Develapment Operation a t  KER. The un i t  includes detector, high voltage supply, 
amplifier, and count-rate meter. 

Advice and assistance w a s  rendered t o  Envirmmental Studies and Evaluation, HLO, 
concerning the Columbia River Monitor which consists of a sc in t i l l a t ion  detector, 
high voltage supply, sol id  s ta te  amplifier, and chart recorder. 

Installation of the hydrogen detectors cn the 333 Building autoclave is cmplete, 
Sane problems may exist during calibration s i m e  it is not knowc exactly how 
much hydrogen w i l l  be given off during a r u p t w e .  There is  a possibil i ty that 
the detectors w i l l  not shm any substantial I.lydrogen increase since the rupture- 
produced hydrogen may be insignificant colnpared t o  the normal autoclave hydro- 
gen emission. 
monitor on the autoclave condensate l i ne  t o  detect any small uranium particles 
In the condensate. 

If this occurs, a possible solution m i g h t  be a sc in t i l l a t ion  

Fabrication of the prototype model of the Panellit-Heise gage readout device has 
been started. 
the last part of July. 
minor canponents remain t o  be delivered, 

If no unusual problems are encountered, it shozld be finished by 
m e  adding machine has been received and only some of the 

Tbe breadboard model has yet t o  be tested 
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with the adding machke, since fabrication of *&e solenoid drive circui ts  is 
nut ccmplete. 

~n external signal device w a s  fabricated, and delivered t o  the Data Processing 
Operation. 
an effort t o  determine the time required by the IBM 7-0 t o  process selected 

'phe device is a generator of precisely shaped pulses t o  be used in 

p o z c t i o ~  or p r ~ g r a m ~ .  

Calibration of micro-displacement systems, t o  be used by Physical Metallurgy 
Operation for in-reactor creep measurements, has continued during June. The 
characteristics and capabilities of the 'elevated t eqe ra tu re  reference system 
have been adequately determined and the system is being turned over t o  physical 
Test- Operation for operational purposes. Physical Measurements Operation, 
will cantlnue t o  supply engineering supporct in the calibration of micro-displace- 
ment readout systems. 

- 

Calibration o f  a physical Science three-range transducer system w a s  ini t ia ted 
&tug JIU!, and is now apprcprimately 5% cunplete. 
are that although this system is capable of fairly good reproducibility, it 
exhibits a marked temperature dependence resulting in both zero shift and range 
expaasion. 
placement w a s  0.130 inch at 30°C and 0.275 inch at 2OO0C, while a zero shift of 
about 0.050 inch w a s  observed between roun temperature and 2OO0C. 
a range expansion of about 0.145 inch f o r  170-degree temperature change. This 
effect I s  also observed on the medium and high ranges but is considerably less 
pronounced. 

Preliminary indications 

!!!his is m i c u l a r l y  true of the low range whose f'WL scale dis- 

This indicates 

m e r i n g  assistance was given m s i c a l  Metallurgy in the  aperational evalua- 
t ion  of a recently purchased transducer excitation system. The Physical Science 
corporation DC/DC translator waa bench tested and its characteristics were found 
t o  differ sanewhat fran those supplied. 
?lack box" designed t o  provide a pulsed excitation t o  a transducer, and generate 
a recordable dc output signal, when cperated fran a 7 - 2  volt dc inptzt. 

The translator I s  a transistorized 

pbysical Testing 

Testing work  continued at a high level  this month, mostly as a consequence of 
lopR pressure tube testing. These t e s t s  
were made on a total. of 4,53.0 items. The length of material represented by 
these items amounted t o  131,9?l. feet;  again the greater pa.rt of t h i s  footage, 
measuring in miles, w a s  IVPR pressure tQbing. actoclavlngj 
borescoping; dimexmianal measurements (micrometric); 
tion; penetrant (fluorescent O.D. and I.D.); radiography (gama-ray and X-ray); 
surface treatment ( a i n e  cleaning, pickling for  autoclaving and conditioning, 
steam detergent cleaning, and vapor degreasing); and ultrasonic (flaw detection 
and thickness measurements) 
represent- most of the operating departments and service organizations at  
HAPO. 
applications 

A t o t a l  of 2,415 tests were made. 

Test work included: 
current; leak detec- 

Work was done for 24 organizational cmponents 

Advice w a s  given on 35 different occasions on general tes t ing theory and 

SuccessfU operation of the tube shop in the tes t ing and treatment of NPR 
pressure t ibes,  at high throughwt rates,, has r e s a t e d  in about half tfie re- 
quired. number of tubes accepted a,nti ready ror reactor installation. 
production indicates successful canpleticn cf the work on schedule on a five- 

Projected 
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day-week basis, and the corresponding change has been made. 
shifts w i l l  be continued. 
w i l l  remain on a five-day week through canpletion of the tube testing, i f  the 
present production ra te  of canpleted tubes is maintained and no emergency con- 
ditions arise. 
This canpletes the radiograpby required unless 5-mil ultrasonic flaw indications 
requiring X-ray are found on the remaining tubes t o  be tested. 
penetrant tes t ing of the p i lo t  tubes and 1% of the production tubes received t o  
date has been canpleted. 
canplete one cycle per week which recpires only 28 tubes pickled per week. 
Testing has proceeded routinely with minor eqyipnent maintenance problems. As 
a result  of the reduced schedule, two of the technologists on loan t o  Pbysical 
Testing Operation w i l l  return t o  t he i r  respective groups July 1, 1961. 
now appear possible t o  start the tes t ing and treatment of F'RTR spare pressure 
tubes f o r  ut i l izat ion at the PRTR reactor. 
done on the third shift  and, w i t h  the assigrment of two technologists, w i l l  can- 
mence immediately * 

Days and swing 
It is anticipated that the IPR pressure tube work 

JSLJ. butt weld X-rays on mpR presswe tubes have been canpleted. 

Fluorescent 

On the five-day operational basis each autoclave w i l l  

- 

It w o u l d  

It is anticipated this  work w i l l  be 

The f ie ld  testing ac t iv i t ies  have been largely involved ia X-ray and gamma-ray 
work at 1706 XER, the PRTR s i t e ,  and on pump impeller f o r  the reactor areas. 
The fluorescent penetrant examination of averbored nozzles is proceeding rou- 
tinely. All  preliminary work has been canpleted on the s t ra in  gages (rosettas 
and single gages) for  instal la t ion of 50 channels on the rear face of lo5 KE 
reactor. Reactor operations have been notified and instal la t ion w i l l  begin a t  
the first available rear face down time, 

Fbel element sheath tube work on ncxninal half-inch-diameter tubing remained a t  
low ebb during the month due principally t o  lack of material. In addition t o  
the above work, testing is being done on the assorted sizes of tubing f o r  use 
in nested tubular fuel elements. 

Contincing the evaluation of eddy current eqyipuent for application t o  the fuel 
element sheath tubing work, 102 0,&5-inch-I.D. Zircaloy tubes were run through 
the Radac unit .  The machine w a s  adjusted t o  re jec t  on a w a l l  thinning standard 
only. 
w a l l  thinning standard w a d  activate the alarm circui t .  Nineteen of the 102 
tubes had signals equal t o  or greater than the standard. These tubes are now 
b e k g  run thraugh the normal prcduction t e s t s .  
t o  the eddy current indications. B addition, seven 0.680-inch-1.1). Zircaloy 
tcbes were also evahated. 
Cmparisons are presently being m,&e with production 
tainecl on these tubes. 

Tubes which have signals greater o r  equivalent t o  the si& fran a lo$ 

Tlze results w i l l  be canpared 

Again, the lo$ w a l l  thinning standard was used. 
5ata prearimsly ob- 

Assistance w a s  given t o  Plutonium Metallurgy Operation in the evaluation of the 
radiographic image sharpness ror  resolution of' the flcoroscopic unit originally 
acquired by t h i s  grmp. 
exceed the speciffed f 0.0025 inch. It was recumnended that a new fhoroscopic 
screen with higher definition be p r o w e d  before f a t h e r  acceptance t e s t s  are 
made 

Initial work shows the wkarpness  i n  all t e s t s  t o  

Routine calibration t e s t s  axe being matie af micrc displacement readcut systems 
for  Physical Measurements Operatim. 
measurements . The readcut systems are for in-reactor 
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A w i d e  band converter w a s  leased t o  continue devel-nt work on the IpD Pa;rker 
f i t t i n g  problem. 
inspection will detect the prepared f i t t i n g  defects as w e l l  as 25 megacycles. 
A t  this point further innaersion inspections were discontinued and emphasis 
placed on adapting the test t o  contact testing. V a r i o u s  canbinations of crystals 
and c a t a c t  wedges have been tried. 
flnding a suitable wedge that would reliably detect the fabricated defects in 
both the thread relief area asd at the thread root. A t  month end it appeared 
that a Buitable wedge design had been found and w o u l d  allow field testing of the 
fittings. There is t o  be a reactor outage in mid-July for replacement of pig- 
tails, at which t ime the mailable Pdser fittings would be tested. 
t o  find, more portable e q p l m t  than the  Buneracope or the wideband converter, 
a Bransoa Sonoray w a s  evaluated. vnfortunetely, the Sonoray appears t o  have 
limited gain and could not detect reliably either of the fabricated defects. 
is probable that the initial tests w i l l  be made using an Immerscupe working 
thraugh contact wedges. 

An *sed test showed that 10- and 15-megacycle u l t r a s a c  

Considerable d i f f icu l ty  was experienced in 

In an attempt 

It 

Six tubes w i t h  a t o t a l  o f  33 ribs were tested .for tube-rib boding using the 
techniques developed last month. 
any of the tubes tested. A method for  radiographic correlation of the ultra- 
scmlc tests w a s  dwelaped by inclining the  rib tube interface a t  a root angle 
t o  give detection of the unbond area. 

100 sinnificazxt unbond areas were found in 

optics 

Occasional assistance is being given in the installation of the periscopes in 
the mfTR examination cel l .  

A Davidsan Optronic Model D600 Autocollimator has been received. This unit  
w i t h  its accessory equipnent (apt ical  f lat  mirror, optical square, polygon) 
w i l l  permit us t o  check the squareness of machine tool  ewpnent ,  the psra3lel- 
ism of surfaces on finished pieces, angular positions of dividing heads, and 
prism aagles. 

A t o t a l  of 520 man-hours of shop work w a s  performed during the five-week period 
( ~ e ; y  28 t o  JULY 2) included in this report. 

The work 

1. 

2, 
39 

4. 

5. 

6. 

7. 
8. 

included: 

Fabrication of t en  mnnniftrinn viewers t o  examine snap rings 
on the faces of the K resctctrs. 
An AcMl borescope w a s  repaired for  Plutonium Fuels Developtent. 
Two microscopes were repaired a d  40 sass sample holders fabricated 

The process tube borescope w a s  repaired for  Irradiation Testing 
Operation. 
Parts for the traversing mechanism for the old reactors were 
fabricated 
Parts f o r  the PRTR process tube w a l l  thiclmess measuring probe were 
fabricated e 

Psrts for ‘an experimental gas gap probe fo r  PRn were fabricated. 
Four aluminum oxide insulators were fabricated f o r  Ceramic me l s .  

for 327 BALL-. 
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9 .  

10. 

Three a l m u m  a i d e  flumace sleeves were altered for  chemical 
Separations. 
Two cylinder lenses were fabricated for  Ceramic Fuels Developent 
Operation. 

Analon Catmuter Facil i ty meration 

Studies 

The major analog ccmputer problems considered during ;rune include: 

1. mpR Confiner Pressure Analysis. 
2. IOPR Power Comrersion study. 
3 .  PRTR Gas Balance System Analysis. 

EQuipment Operation 

The caaputer operation w a s  as follows: 

GErQA 56 h a r s  up EASE 141 hours up 
ll0 hours scheduled downtime 31 hours scheduled downtime 

4 hcurs unscheduled dam- 

0 hours idle  time 

10 hours unscheduedl downtime 
0 hours idle  time time 

hours t o t a l  
I76 hours t o t a l  

Maintenance 

The oven conversion of the GHlA w a s  s tarted on June 9 and has continued with 
very l i t t l e  interruption. 
plan of instal la t ion which serve t o  ease and f ac i l i t a t e  the maintenance of the 
resis tor  cards and connectors inside the oven. All of the wiring has been c a p -  
le ted  and the resis tor  cards are having insulated shims glued t o  one side t o  
prevent possible shorting when they are inserted i n  the card trays. 
cards are installed and the amplifiers placed back in the cmputer, the checkat 
w i l l  begin t o  determine how well the new arrangement of the oven w i l l  work. 

The EASE l o s t  *he use of twelve multipliers when the selenium rec t i f ie rs  of 
the multipliers plate parer scpply burned out. 
dered immediately and have subsequently been installed. 

Instrument Evaluation 

Recycling t e s t s  continued on an ai-Cd rechargeable battery of the 12 VDC, 
250 ma-hr size. 
no degradation of performance. 

A number of changes have been made i n  the original 

Once the 

The replacement parts were or- 

Twenty-two charge-discharge cycles have been ccmpleted with 

Extensive evaluation tes t ing continued on the two prototype Log-nea r  Scin- 
t i l l a t i o n  Transistorized Building Radiation Monitors for reactor area and other 
HAP0 applications. 
calibration, temperature, l i ne  voltage variation, transient effects, vibration, 
accuracy9 response time, and long-term recorded source t e s t s ,  
nearly canplete, and one unit was delivered t o  100-D f o r  demonstration and use. 

All t e s t s  t o  date have been successful and include d r i f t ,  

The testing is  

% 1 2 5 2 4 0 2  
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Advice and assistance w a s  rendered t o  PRllR mintemace personnel concerning 
the canmercial Victoreen Area Monitors that were installed a t  pRTR. 
majority of the units have ialled due t o  cabling shorts, burned out canponents, 
and l e u  pressurized ionization chambers. 
suggested courses of action pertablag t o  further use of the units. 

Acceptance t e s t  methcx3.a were devfsed and written conceraing fifty higb level  
(5 ,000 r/hr) CP-P type portable instnrments and far t h i r ty  Model II Scizrtran 
line-aperated transistorized i n s t m n t s .  

A 

A l e t t e r  w a s  written concerning 

The indicated Upits are on order 
exrd s h a d  be received soon for HAP0 use. 

A lecture on the types and uses of HAP0 portable radiation monitor 
w a s  presented t o  the l a t e s t  "class" of AFC Radiological Fellowship 

instruments 
students. 

PF Gast:mcs 
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CHEMICAL m m e x  AND DEVELOEMENT OPERATION 

RESEARCE AND ENGDEERWG 

FISSIOXABIE MAmIALS - 02 PRoCzRAM 
IRRADIATIOIV PRGCESSES 

New Production Reactor Effluents 

Work was completed on the application of tbe steady-state groundwater flow computer 
program to  determine the influence of the 100-1p disposal cr ib  on the performance of 
the nearby sanitary t i l e  field. 
HW-70058. 
solve two-digPersional boundary value p-wblems describing the flow system. 
analysis indicated that the disposal c r i3  would be expected to diminish the avail- 
able capacity of the t i l e  f i e l d  by less  than 0.2 percent. 
of the f ie ld  was estimated to  be ten times the maximum sanitary effluent design 
flow. 
between the cr ib  and the tUe f ie ld  was also examined. Based on the conservative 
assumption thet the barrier w a s  completely impernreable, the computed interference 
of the c r ib  on the t i l e  f i e ld  decreased from 0.2 percent capacity reduction t o  
0.18 percent capacity reduction. 

The results of t h i s  study were published in 
Electric analogs were used in conjunction w i t h  the computer program to 

This 

'The remaining capacity 

The relative effect  of constructing a barrier w a l l  of less permeable material 

The! improvement in scavenging cerium, strontium, zinc, and cobalt from I"R decon- 
tamination wastes by the addition of iron and/or calcium vas studied. 
contaiaing these isotopes was neutralized phosphoric acid cleaner and mixed three- 
step decontamination solutions in  appropriate com5ination. 
improved the sceveagiag of zinc. 
a five-fold incease  in cerium scavenging and a ten-fold increase in strontium 
scavenging. The addition of 200 ppm iron mre than doubled the scavenging of 
cobalt, probably as a result of i t s  reaction w i t h  part of the EDTA in the system. 

The solution 

Both calcium and iron 
The addition of 200 ppn calcium ion resulted in 

Reactor Inflwnt-Effluent Weaksent 

The isotope interfering with the continuous m n i t o r  measurement of As-76 in fresh 
reac+,or effluent w a s  Mentiffed as C l - 3 8 .  
effectiveness of coclant trea+-;ments, +,he instrument was calibrated and used as a 
batch sample comter rather tkan as a continuous monitor as originally intended. 
A decay of three to  f o u r  hours IQSUZ-~S that C l - 3 8  iniiclally present w i l l  decay to an 
insignif lcaat amount 0 

. As an interim procedure for checking 

Laboratory studies of P-32 adsorption on beds of minerals neared completion. 
of the minerals examined removed as much as 90 percent of the P-32 from simulated 
reactor effluent passed t h r o w  laboratory columrzs. Rock phosphate and Florida 
pebble phosphate adsorbed 65 to  70 percent of the P-32, probably by an isotopic 
exchange process. 
did not give improved P-32 remval. Welther t,k addition of 10 ppm of sodium 
sulfate nor 10 ppa of sodium ni t ra te  t:, the influent sufficiently increased the 
oxidation rate of elpiCote 31 pyrrhotite +A provide appreciable inrproveraent i n  
P-32 removal by lede of %Lese minerals. 

None 

MUxed beds of minerals chosen t o  promote replacement reactions 
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Trace Elements in Columbia River Water 

Activation analyses were completed for arsenic, zhc, lanthanum and uranium on 
e i a t  Columbia River water samples f r o m  near 100-B reactor taken between February 
and June, 1960. 
at 1.4 and 0.36 parts per billion, respectively. 
erratically from 0.04 to 0.22 ppb, v u e  the  zinc showed an increase f r o m  15 ppb 
in February to 28.7 ppb in April, folloved by a decrease in June. Analyses of 
laom semrples f o r  more elements are underway to characterize the fluctuations in the 
Columbia River salt concenmtiona Vith season. 

The araenlc and uranium concentrations remained relatively constant 
ThC lanthaaum values varied 

U r a n i u m  Oxidation and Fission Ruduct Volatilization Studies 

An uniFzgdistad ltpB prototspc fuel elenmnt Vith beryllium alloy brazed end caps 
vas heated in air at 1300 C for one hour to datermine the extent of destruction. 
No external floving of uranin occurred. 
uranium orlde formed on the upstresln csp shortly after the s t a r t  of cooling. 
oxidation indicates ertenslve uranium alloyins vith the brazing alloy. 
inspection revealed that the initially circular cross-section of the elenrnt upon 
cooling was distorted into an ov&?il shape except near the thick end caps which 
maintained their original shape. An analysis of the off-gas filter deposits shoved 
7 . 2 ~  of  beryllium indicating significant release of this extremely toxic elemcnt. 

U n l i k e  the element having velded end caps, 
This 

A visual 

Particle size diatributione vere obtained for  uraniun or ide formed during the 
hesting of uranium in air at air velocities of 500 and 1000 cnl/mln (STP) 
the  -raturea investigated (400, 500, 600 and 800 C) -re is an increase in 
psrticle size vith i n c m ~ i n g  temperature. 
aad remrina largely intact. 
99, 134 e9d 1539 at 400, 500 end 600 C, respectively. 
of the o r i d e  vas l e e r  than 230p shoving the ppass mcdian diameder to be considerably 
greater than for oxide formed at lower temperatures. 

For 

A t  lo00 and 1200 C a dense oxide forma 
SediPacntation techniques gave mass media diameters o f  

At 800 C, only 25 percent 

Tima at temperature has a marked effect on the resultiDg particle size distribution 
in the 400 to 600 C range. The m a i n  reason can be attributed to thcrmal-cycling at 
vhich tinr the specimen temperature can rise 300 to 500 C above the furnace tempera- 
ture. 
mad* change f r o m  58 to 99 p on thermal-cycling. 
duration of thernml.-cycling varies, the resulting size distribution would be 
expected to vary from ruzl to run. 
to the two-fold air velocity increase from 500 to 1000 cm/mln. 

Comparison of eedimsntation data for tuo experiments at 400 c shows a mas6 
As the frequency, magnitude and 

No effect on particle size could be attributed 

Measurement of Uraniwn Contamination on Zircaloy 

A non-destructive method, sensitive to sub-microgram amunts of uranlum, vas 
obtalned by counting alpha tracks on nuclear track emulsion films vrapped around 
2-caloy, lW€f fuel element Jackets. 
particular concern. 

Urarrirnn contenriaation around w e l d s  vas of 

SEPABATIONS PRocFassEs 

Purer 2D Column Scrub Section Studies 

Two 12-foot stainlees steel nozzle plate cartridges vere tested vlth a water 
ecnab as possible high capacity cartridges f o r  the 2D Column scrub section in the 
Purer process. Cartridge A had 10 percent free area, 1/8-11~h holes, 2-inch 
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60-mil-depth nozzles pointing down. Cartridge B had 6 percent 
holes, 2-inch plate spacing, and 29-mll-depth nozzles pointing 

down. 
a 2DS/2DX flov ra t io  of 0.17, and an organic feed of 87 g U / l  a t  volume velocities 
up to 900 gph/ft2. A t  70 cycle/min frequency, the cartridge B produced a somvhat 
finer dispersion than cartridge A. 
obtained a t  80-100 cJrcles/min. 

Both cartridges perfoAmd w e l l  a t  70 cycles/min, O.6-iach pulse amplitude, 

The optimum performance of csrtridge A vas 

Evaluation of Purer Dilcents 

Solutions of 30 percent t r ibutyl  phosphate i n  Shell E-2342, Shell Code 85030, 
Soltrol  170 and n-dodecane have been subjected to  four cycles of n i t r i c  acid - 

I nitrous acid degradation and carbonate-permanganate vashing. Polloving each 
degradation a small portion of each solvent vas carried through the so-called 
"use test" w h i c h  simulates ex*traction, scrubbing and stripping i n  the first Purer 
plant cycle. 
indicate n-dodecane as the best, as expcte@, w i t h  Soltrol  170, Shell Code 85030 
and Shell E-2342 follcwing in &escendilzg order, 
about midway between n-dodecane and Shell  E-2342. 
thoroughness of remom of' radioactivcky durbg  washing and disengaging times 
Vere also made w i t h  the degraded solvents. 
cases) through washing was i n  the order E-2342, 85030, 170 and n-dodecane i n  the 
rat ios  2300:320:25:1. Increase i n  disengaging time after degradation w a s  signific- 
ant for  E-2342, preselzt but not as marked for 85030 and absent or  negative for 
170 and n-doSecane. 

The resirlts confirm previously reported single cycle testing and 

Qualitatively, Soltrol  170 falls 
O t h e r  comparisons such as 

Retention of act ivi ty  (Zr-Nb in a l l  

Diswsal t o  the Ground 

180 significaat changes i n  groundvater contamfnation pat5erns were shown by w e l l  
sempies taken i n  the vicini ty  of the 200 Areas duriag this math. 

A progrm w a s  established for analyziag groundwater sasples for (28-137 on a "group 
testing" basis. If successful, savings on analytical services are estimated a t  
50 t o  75 percent OE about 300 samples a year. 
-the analytical resul%s are usually negative (belov the routine detection l i m i t )  
as is  the ease vi th  Cs-137 analyses. Sone sacrifice of the sens i t iv i t  of the 
routine detectioa l W t  w i U  result, even so, the ncv limit of 2 x lo-% p / c e  
vill be one-tenth of the current groundwater control level. 
uaing group testfag on other Psctopes is being studied. 

Group testing is applicable where 

- The possibil i ty of 

* Tri thm analysee were obtaine8 for  earzpks cf Separations plant waste discharged to  
the ground and samples of grou5wat;er &am from wells. 
from 0.05 to 0.33 y.e/cc tritium, and the t r i t i u n a  content of groundwater saxupies 
ranged from 'background (O.O03pc/cc) to a high of 0.i.O JIC/CC near the SX tank farm. 
These results indicate that tritiua eonesntratfon nay be u s e m  for Identifying 
fhe origin of wastes e m o u t s r e &  i n  groudiiazer monitoring. 

Waste samples contained 

I?ae adsorption of plutonium from ckez&x?.L decontamination waetes from the T-Plant 
by local  soils w a s  measusdo 
wi5h a soil saaple f r o m  v d 1  zs-WlO-2 a d  a Kd 09 300 ob-iained. 
plu-conim i n  this vaste YOS.M be ef+"~eXvdjr  re';e%ne9 on %hs L x a l  soils if the 
vasfe were crib3nd. 

A s a q l a  of tke waste i n  112-T "a?& w a s  equilibrated 
n u s ,  the 
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Batch Calcination 

Studies of the batch calclnation of simulated F’uru higb-level wastes were continued 
in pots ranging in size from 3 inches in diameter by 7 inches high to 8 inches in 
A l t e r  by 7 feet high. 
f o m  and internal pressurization. 

The prinre objectives of the investigations were to study 

The large pot ertended out of the resistance heated furnace and vas f i t ted vi th  a 
flwrothene top to permit Visual  observation of the boil-dovn step. A liquid 
level s l igbt ly  in e x e s 8  of three feet vaa maintained aUring feed addition. 
the feed addition y88 stopped, the solution vas boiled dovn to a semi-solid. The . 
run was terminated vhen nitrogen oxide fumes obscured vision. The funace  tempera- 
ture vse held a t  450 to  500 C. 

After 

Pertinent observations were: 

1. 

2. 

3. 

4. 

5 .  

6 .  

The boil-off rate was a unffonn 1.9 liters per hour per square foot of  
heated surface. 

Surprisingly, there vas no foaming. 

Some solids deposited on the pot w a l l  2 to 4 inches above the liquid level  
reducing the pot cross sectional area by a factor of two. 

Increasing the l iquid level  to a point above the solids and e l lw ing  the 
solution to boil &vn to Its normal level did not a i fec t  the solids. 

About 30 percent of the pot wall belov the liquid level was coated v i t h  
solids of irregular thickness. 
deposits. 

The remainder of the p o t v a l l  had no sol id  

Pine, crystall ine solids covered the bottom of the pot to a depth of a t  l ea s t  
six inches. 

A sinarlated higb-phosphate m e t e  solution, vhich produces severe foaming, was used 
for  run8 in a 4-inch w t e r  by 24-inch hlgh cylindrical pot and in an 8-inch 
W t e r  by &-Inch high annular pot. 
boil-up rate of about 2 liters per hour per square foot of heated sUrfaCe. 
the air sparge, a boil-up rate of less than 1 liter per hour per square foot is 
required to  prevent forun-over. 
silicone anti-foam agents w e r e  of l i t t l e  value in controlling solution foaming w i t h  
these high-phosphate vaste. 

The use of an air sparge permitted a “normal” 
Without 

The use of a steam sparge (saturated steam) or 

The developnent of pressures vithln the calcine has been noted during the calcination 
step. 
vhen the sulfate content was in excess of the stoichiometric sodium equivalent. In 
the previously reported and duplicated runs w i t h  3-inch by 7-inch pots so= of the 
calcine w a s  expelled from the pot in one case and rose as a plug 1-3/4 inches out of 
the pot in another. 
simulated waste. 
solids. 
After a l l o v h g  fo r  thermal expansion, the measured pressures on the sieve plate 
were 0.6 and 0 ps i .  

The internal pressurization occurred vhen the calcine par t ia l ly  melted and 

During the math duplicate runs were again made w i t h  t h i s  same 
After solution boil-down, a sieve plate was placed on top of the 

The upward force exerted by this calcine on the sieve plate vas measured. 
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Prototype Spray Calciner 

A prototype spray calciner for simulated radioactive vastes has been approved for 
installation in the 321 Building. The dual purpose unit  w i l l  further develop the 
radiant heated calciner investigated by Johnson and Allemann (see HW-65806) and 
Mallinckrodt's direct gas heated flame denitrator (see HW-6905). 

The p i lo t  plant w i l l  consist of an approrhately 18-inch dismeter, 10-foot long 
Inconel X tube inside a resistance heated tube furnace. The feed solution, and 
In the case of gas heat, the fuel w i l l  be Introduced at  the top of the reactor. 
The dried solids and reaction gases w i l l  f l a w  concurrently through the reactor t o  
a battery of gas solids separators. 
gas condensation and scrubbing, solids loadout and instrumentation. 
construction is targeted for  November. 

- 
Auxiliary systems include feed makeup, off-  

Completion of 

TRANSURANIC E- AND FISSION PROlXJCT RECOVERY 

Strontium-90 Program 

Hot Semiworks Operation - The second full-level hot run recovered approximately 
175 kilocuries of Sr-90 from a t o t a l  of 193 kilocuries processed, including 27 
kilocuries recycled from the f irst  hot run. The product m e t  a l l  specifications 
except for cerium-144 contamination, which was about 7-fold high. 

In contrast t o  the first hot run (Sr-4) reported last wnth,  t h i s  run employed two 
cycles of solvent extraction rather than one cycle of solvent extraction end one of 
ion exchange. The slightly high cerium contsmination in the product is attributed 
t o  ( a )  a feed pump fa i lure  obviating the possibil i ty of backcycling or "spinning" 
product during the first cycle solvent extraction, and (b) the necessity of proces- 
sing and collecting the second cycle product i n  equipment used for the f i rs t  cycle 
operations. Run results are as follows: 

Product Waste - Feed 1st Cycle 2nd Cycle(a) 1st Cycle 2nd Cycle 

Kilocuries 

- Sr-90 193 191 175 
ro Ce-144 2760 13 1.3 

N RU-106 L, 11 6 0 . 0 2  L O .  001 
cn Zr-Kb-95 35 4 0.15 0.004 

c 
c 

0 Grams - C3 

S A C  1 2410 2390 2190 
Ca 2240 120 43 
Ba 450 to 900 400 36 

Cumulative Decontamination Factors 

12 
23 
c L 0.4 
4 0.7 
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Notes: (a) Dilute n i t r i c  acid was used as the s t r ip  vice 1 M - c i t r i c  acid 
used i n  the first cycle. 

(b)  914 kilocuries of Ce-144 and 5.3 kilocuries of Pm-147 were found 
ip the organic waste. 
and 2 percent of the Pm entering the process, 
Sr-90 vaa analyzed as 56.8 atom percent. 

This represents about 33 percent of the Ce 

( c )  

A t  iwnth'e end the first loading of the'HApo-XIA Strontium Carbonate Slurry F i l t e r  
CUk IS ~ d e r ~ e y .  

Cerium Decontamination in the Strontium Product Precipitation Step - The solvent 
extraction product from the second Hot Semivorka nu& 18 w i t h i n  specifications 
except for Cerium. 
is needed. Studies have been made in the laboratory and in the pi lo t  plant to see 
if the additional decontamhation could be obtained during strontium carbonate 
precipitation or by tb,e prior precipitation of cerium. 

Addition of c i t r i c  acid o r  EDTA to the solution ( t o  complex cerium) in concentration 
from 10-5 t o  0.1 Y - produced essentially no cerium decontamination during 

the carbonate precipitation. Similarly, addition of DTPA produced some cerium 
decontamination (e DP of 4 a t  0.05 M -) but not enough to be practical. 
AdJusting the pH up o r  down and redigesti& foGowing the strontium carbonate pre- 
cipitation did nct improve the decontamination. Washing the strontium carbonate 
precipitate with a DTPA solution adjusted to  pH 7 produced l i t t l e  cerium decontamina- 
t ion bu+, did dissolve some strontium. 

~n additional cerium decontamination factor of sir to  e i a t  

Laboratory tests shoved that cerium hydroxide can be precipitated from the solution 
vithout appreciable loss of strontium provided the pH is not above 12. Addition of 
iron(II1) or inert cerium in concentrations of 10-4 t o  10-3 M provides a carr ier  
precipitate. Cerium d e c o n v t i o n  factors of 20-50 are re-kly obtained. The 
precipi*ate is readily f i l t e rab le  on f+lter paper. 

In the p i lo t  plerrt two f i l t r a t i o n  runs were made to  investigate potential methods 
for remval of cerium r rom Hot  Semivorka Dw: strontium-90 product. In  the first 
b e t ,  synthetic ZXE vas adjusted to 2 x 10-3 M cerium and pH ll.2 ( t o  precipitate 
carow hydroxide) and filtered on sintered stainless s t ee l  and Piberglas cartridge 
type f i l t e r s .  
whereas visually satisfactory filtration vas obtained on the 30 micron rated Fiber- 
glaa cartridge. 

Precipitation and subsequent f i l t r a t i o n  of 5 x 
tested in the p i lo t  plant and the f i l t r a t i o n  found t; be slover than in the case 
of cerous hydroxide. 

The 35 micron mean pore size sintered stainless blinded rapidly; 

W f e r r i c  hydroxide w a s  a lso  

Decan+ation of  supernate irom a se t t led  cerous hydroxide precipitate was satis- 
factory, provided a ten perrenJv heel is allowed to remain in the vessel. 

Laboratory obsenrations have shown that yttrium, vhich grows into separated Sr-89 - 
Sr-90 on standing, precipita+as quantitatively w i t h  strontium carbonate and is not 
removed in  washing the precipitateo 

CQmparison of EDTA and D F A  as Cosple,xants - Batch contact studies were 
made t o  compare dlethyienetriaxnire pentsacetic acid (DWA) t o  ethylene- 
diamine tetraacetue a& (EIITA> as i complexin8 agent t o  prevent 
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' extraction of iron, lead, barium and rare earths in the 1A column of the HSW solvent 
extraction flowsheet. Conditions fo r  t3e contacts were carefully chosen t o  maintain 
equivalent solvent loading t o  pe-t direct  comparison of the two reagents. 
end strontium distribution coefficients ( Q ' s )  were obtained over a pH range of 
from four t o  4.75. 
reagents and varied only moderately with pH. 
range 25 t o  5 5 .  
Instance, the 
indicate a significant improvement i n  cerium decontamination should be obtained by 
using DTPA instead of EDTA. Similar distribution data f o r  iron and lead are being 
obtained. 

Cerium 

The extrac3.on of strontium was nearly the same with the two 
Valws fo r  the k ' s  a l l  f e l l  i n  the 

Cerium extraction w a s  markedly l e s s  w i t 3  DTPA than with EDTA. 
a t  pH 4.75 was 0.65 with EDTA and 0.OOg with DTPA. 

For 
These data 

Solvent Clean-Up Studies - The same batch of solvenr. ( O e b  Y D2EHPA - 0.2 M TBP - 
Shell Spray Base) was used for both runs made to  date in  a e  Sot Semiwork:. 
ing the second mu, the solvent contained a high concentration of cerium (ca. 200 
curies/l.  ) A column wash of the solvent with alkaline EDTA solution reduzd  the 
cerium t o  ca, 19-20 curies/l.  
b l a b o r a t r q  scale studies t o  determine effectiveness of o t h r  washing agents. 
Batch contacts involving equal v o l u ~ s  of  the solvent and washing solution were 
made. Reagents tested included n i t r ic ,  oxalic, tartaric, phosphoric, acetic and 
c i t r i c  acids; EDTA and DTPA; ammnim fluoride, hydrogen peroxide, hydrazine and 
hydrogen peroxide. 
combications of the reagents were used. 
for all of these experlments. The most promislag reagents among those for  which 
date are available are oxalic acid and co&inations of acetic acid w i t h  DTPA or 
EDTA made neutral t o  alkaline with sodium hydroxide. In  one eqeriment i n  which 
the solvent w a s  wasaed successively w i t h  sodium acetate - DTPA, n i t r i c  acid, and 
alkaline tartrate the gross garasna act ivi ty  was rtdGced from an i n i t i a l  lOgO~~c/ml 
to a f i n a l  0,1 >c/ml. These data indicate -Lbt the HSW solvent can be cleaned-up 
adequately fo r  disposal and probably for  sustained recycle. 

Follow- 

Smrples of tbe par t ia l ly  washed solvent were used 

In some casea the reagents were made alkaline and in others 
Analytical results are not yet available 

Mini-Mlxer Set t le r  Runs r i t h  Crude Cut Feed - Analytical data f o r  the third mini- 
mixer-settler ru~. made l a  the cu5icle a t  222-S are now complete. The crude cut 
sample used came fmm material which had been stared ir thi 003 vault and later 
comentraled in P-8. 
used i n  previous -1 m a ;  it was cczasidera'dlg more cmzentrateb in iron and lead. 
Hydrwdic perforrnsnce of the mir; w a s  exee2enr;. 
extrac",on c o l m  (XA) was lower (DF = 2.6) thas i n  a previous -rua (DF = 1 5 )  under 
similar corklitlone. 
complex cerium in t h e  presexe of <he greater &mounts of iron snd lead. Strontium 
loss to the I A W  w a s  akout 1.5 percezt. Cerium deccnzamination ia the parti t ion or  
s t r i p  colum (133) was good (W = 45) and s-crclatiua loss t o  the lBW w a s '  about 3.5 
percent. 

It had a somewhat differect compsi-cion than crude cut material 

Certm 2ecortanciaation in  the 

TXs may have bee9 due t o  inadequate EDTA i r a  &the feed to 

Corrosion Tests on Resin Wastes - Samples of" Dovex-50 resins in coatact with aqueous 
solutions a&justed to a given i n i t i a l  p% were ewosed t o  CO-60 gamnra radiation. 
The solutior. volume in eon';szt w i t 2 1  Yk~e resins w a s  about 40 percent greater than 
the void volume of the se t t led  resin. 
with r i t r f c  acid and ariozher +a pH i2.3 w l % k  aoCi;un *.&rcrlde. 
of saqles  6roppd wiC,h. increased ,-e&!.e",m; -?hc $3 of 5ke saqles i a i t i a l l y  alkaline 
was aom to 85Cu-h two af+,er an eqosure cjf approxzza-ceiy 7 x 158 E?. 

h e  s e t  of sm31e5 vas adjusted to  pH 3.82 
T2e FB of both types 
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Corrosion rates were determined fo r  1020 mild s tee l  exposed 
from strontium recovery operations. Liquid phaee corrosion 
b ~ i l i n g )  were l e s s  than 0.1 m i l / m  in h i w y  W i n e  wastes 

to simulated HSW waste 
rates ( a t  80 c and 
( p ~  u . 2 ) .  However, 

in s&ated wastes a t  pH 7, the l iquid phase rate  a t  80 C was 5.6 mils/mo. 
another tes t ,  the waste waa made 0.25 M in sodium carbonate and adjusted to pH 7 
(simulating reduction of pH of an a U d i n e  waste by generation of carbon dloride). 
Corrosion of 1020 s t e e l  in t h i s  waste a t  80 C vas 10 mIls/mo. These results 
emphasize the nced to keep these wastes strongly aUaline to counteract possible 
reduction of pH due to radiolytic decomgosition of organic material present. 

In 

3 2 5 6  Strontium Purification - The seventh and final strontium purification run w a s  - 

successfully completed w i t h  recovery of 16,500 f 500 curies of purified strontium-90, 
f o r  an overall yield of over 90 percent. Purity is expected to  be m y  as high as 
previous ion-exchange product, which vell exceeded the customer ' s specifications. 
Run 7 br- the total purified product recovered in 325-A to somewhat over 72,000 
curies, compared w i t h  a commitment of 60,000 curies 
the EAPO-IA Decalso cask et21 the combined -,lo0 curies from nus 6 and 7 was I n  
progress for shipmnt in July. 
A series of runs, aimed a t  damnstrating flowsheets for the recovery of promethium 
and technetium, m e  nov scheduled prior to remval of the in-cell  ion exchange 
equipment. 

A t  math' s end loading of 

This concludes the 325-A strontium recovery program. 

Strontium-Decalso S h i p n t  - Because of the pressure mlld-up experienced in the 
last HAPO-ZA shipment, erperiments were p e r f o m d  to  determine the feas ib i l i ty  of 
skipping in a "dry" condition; i.e., w i t h  m a t  of the interstitial l iquid siphoned 
out. 
gas can collect  (from about one w o n  t o  six gallons) and a t  the same time reduce 
the rate of gas production. 
zation t o  a negligible value. 
could 5e sat isfactor i ly  eluted, samples of Decalso vere losded vith strontium, heated 
t o  sinailate the worst possible conditions expected during shipment, and then eluted 
wi5h four molar anmnium ni t ra te .  When heated for one week a t  86 C, the maximum 
calcUate0 temperature whlch would be achieved in dry shipment w i t h  an a i r  atmosphere, 
83 percent of the strontium was recovered from moist Decalso (sealed container) and 
'78 percent from tniLy dry Decalso (open container) - compared w i t h  91 percent from 
an unheated control (submerged in distilled water a t  ambient temperature for the 
same period of tlm ) e 

temperature, reduced the fraction eluted to 60 percent; however, eluting a t  80 C 
increased +=he recovery to  94 percent, in agreement w i t h  OXUG data. 
that the proposed "dry" shipment is satisfactory, provided a heated elutr iant  is 
used a t  ORHL. 
elution procedure can be u n d e r t h n .  

This would have the dual adventages of increasing the void volume in which 

The resul t  should be to  &crease the rate  of pressuri- 
To determine whether strontium shipped in  this manner 

D r y i n s  fo r  three days a t  U O  C, w e l l  above the expected 

It w a s  concluded 

Discussions vi*& OFUlL personnel indicate such a high temperature 

Sequential Coulometric Titration of Copper and Iron - Reductions of 30 percent and 
50 percent in analysis time and radiation exposure were realized in the measurement 
of copper and iron impurities in strontium product solutions. 
to  Cu+l and Pet2 waa effected a t  +O.O volt  in molar hydrochloric acid using a 
platinum gauze electrode. The metals were measured by subsequent oridation t o  Cu+2 
a t  4 - 3 3  volt  and t o  Fe+3 a t  +0.62 volt .  
acid. 

Simultaneous reduction 

No,lpelly copper is measured in sulfuric 
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Other Fission Product Development Studies 

Bulk Fission Product Packagq - Studies of equipment needs f o r  strontium oxide 
packaging continued. pull scale t e s t s  were conducted on various f i l t e r  designs to 
determine their potential value for  use in SrO2 pref i l t ra t ion and wash operations. 
F i l te rs  were evaluated according to  (a) the degree t o  which the precipitate was 
transferred to and retained on the filter, and (b) the diff icul ty  encountered in 
cake removal. 
filter installed vertically w i t h i n  an open b o t t o m ,  cylindrical non-porous shroud. 
W i t h  th i s  arrangement, the liquid level  In the precipitator-wash tank was reduced 
to  the level  of the bottom of the shroud. 
by re-submergence or by external spray-down. 
unsuccessful. 

. 

Best performaace vas obtained w i t h  a cylindrical, 1-1/4 inch diameter 

Cake removal w a s  readily accomplished 
. Backflushing of the pref i l te r  was 

Several f ission product intermediates have been calcined i n  thermal balance equipment. 
Strontium hydroxide is converted t o  the oxide a t  550 C in an iner t  sweep gas whereas 
a temperature of 800 C is required for  conversion i n  a stagnant iner t  atmosphere. 
Strontium carbonate pyrolysis required a 900 C tenperatare for conversion i n  a sweep 
gas versus 1300 C in st i l l  atmosphere. 

A sample of strontium oxide exposed to  atmosphere for three months absorbed water 
to  ten percent of i t s  w e i g h t  and C02 t o  five percent of i ts  w e i a t .  

A mixture of 80 percent SrOg and 20 percent Sr(OH)2 yielded a granular SrO powder 
on heating t o  600 C in an iner t  sweep gas. 
crucible w a l l ,  but the mixed components had not melted or fused together. 

The powder w a s  l igh t ly  stuck to  th i s  

Prelimfnsry sketches were drawn of a proposed shipping canister. 
4-inch schedule-80 pipe, internally finned container encases a 1-3/4 inch diameter 
cylindrical furnace welded stainless s+&el cloth fUter. 
gasket seals the primary closure, deformable metal gaskets seal  the process con- 
nections during loading, and the f ina l  seal i s  welded. 
sensitive to  1 x 10-5 cc/sec is planned for inspection of all closures. 

A 23-inch long, 

A metallic be l l  ring 

Eeliumleak detection 

Cask Closure Deve lopn t  - Evaluation of tbe miniature Hanford connector (1-inch 
pipe s ize)  has been completed with testing of a th i rd  connector a t  temperatpre t o  
550 C and pressures to  500 psig. cc/sec 
In  all cases. 
cycles per second a t  0.85 to  1.5 g, comparable to  normal shock experienced in  rail-  
road shipment. No increase i n  leakage ra te  w a s  found following vibration. 

In other closure development studies, a Natorq Union Seai (Mavac ProdGcts, he.) of 
303 stainless s tee l  confined 470 P steam for 45 days a t  500 psig w i t h  a steam leakage 
ra te  of 7.6 x 10-7 grams/sec. 

A 2-3/4 inch stainless steel O-ring w a s  hydrostatically tested i n  a V-groove a t  a 
t o t a l  flange pressure of 3200 15. 

Helium leakage rate w a s  less than 5 x 
I n  other tests the miniature connector was vibrated from 7 t o  450 

- 

Leakage occurred a t  pressures over 100 psig. 

Two 1-1/2 inch tube size, temperature compensa5ing couplings (DSD Mfg. Co) using 
stainless steel 0-rirzgs i n  V-grooves were tested for  Leakage a t  presshes  up t o  500 
psig and a t  temperatures of 20 t o  550 C. 
of 1 x 10-3 ce/sec developed on cooiing below 200 6. 

In both csses., helium leakage a t  a rate 
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Fission Product Glasses - A series of additional high borate strontium glasses were 
prepared to  determine the effect  of larger additions of alumina (c f .  May 1961 report,. 
Melting point and pour temperature were decreased and "glassiness" increased by this 
change; however, the solubili ty was not improved. 

In other experiments, several cesium phosphate glasses were made containing 50 t o  59 
w e i g h t  percent cesium. 
vater soluble. 
ing water while t he  59 percent formulation was actually deliquescent. However, 
glasses of t h i s  type might be satisfactory f o r  use in sealed sources, where the 
containar serves as tha barrier to prevent contact with water. 

These are dense, glassy and readily cast  but are quite 
Approximately 22 percent of the 50 percent glass dissolved in boil- 

Hazards in.Shippln& Cesium-137 - Experiments w e r e  performed to  study the leaching of 
radiocesium from a synthetic zeolite following a hypothetical shipping accident in 
which the adsorption-bed loaded with cesium is immersed in  a river.  Thin beds 
leached a t  a high flow rate were used to simulate the diffusion-controlled process 
expected in the case of a zeolite bed distributed over the bottom of a shallow 
stream. Water simulating that in a mid-West river gave an i n i t i a l  elution rate of 
about four  percent per hour, decreasing to about three percent per hour a f t e r  three 
hours. 
interfered w i t h  measurements of cesium elution. 

These results are known to be high because of the Ba-137 daughter which 

Coulometric Titration of Gold 

Gold in Au-A1 alloys was measured by dissolving in aqua regia, removing the n i t r i c  
acid, and reducing to the metal a t  +0.45 volt  'In molar hydrochloric acid. 
metal, which plated on the platinum electrode, w a s  subsequently removed by oxidizing 
a t  4.8 volt. 
gold. About 0.03 mg appeared to be the lower limit of detection. 

The 

A precision of +l.5 percent was observed when titrating 0.2 mg of 

9 Agitator and Valve Development 

Electrical  failure of the drive motor has interrupted test of a Unlted Shoe Machinery 
CO. harmonic drive valve. 
2500 on-off cycies. 

Operation p r io r  t o  fa i lure  was smooth and uneventful for  

Failure of  +he P-5 and P-7 Chemgumps in Hot Semiworks has been traced to dry opera- 
t ion caused by blockikg of the lubrication l ines  by d i r t .  
older mdels and vere not provided with screens fo r  p r e l i m i n q  separation of gross 
particulate matter. A raplaccmcnt Chempump is  currently being equipped with a 
screen, tapered bearings and a hydroclone uni t .  In addition, a new vert ical  pump 
vithout process lubricated bearings has been designed w i t h  both pump and motor 
cantilevered on a cormDon massive tapered shaft. 

These pumps were modified 

An in-taak, vane 'type alr  compressor providing motivating a i r  for sparging c r i t i ca l ly  
safe vessels has been desi-ed for use i n  234-5 Building. 
ing of the vessel without overloading the vessel vent system. 

T!E system permits sparg- 

A cand ia t e  canyon service 3ump, a t o t a l l y  submersible 0.050 inch Hastelloy-C canned 
mtor pumg,,has been received and placed on test. 
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Salt Cycle Process 

Electrochemkal Studies - Chronogotentlometry continues t o  show promise as a mans 
of studying electrochemical processes in molten salts. 
apparatus it is found that the product (current density) x (transit ion time)l/2 is 
linear w i t h  uraniuIII(VI) concentration, as predicted by theory for a reversible 
reduction. 
urauium(VI) species is 3 x 10-5 cm2 sec-l, which appears consistent with values of 
0.6, 1.7, 2.6, and 3.5 1: 10-5 cm2 sec'l reported for bismuth(III), cadmlum(II), 
s i lver(I) ,  and coppcr(I), respectively, i n  L i C l - E 1  system. 
is as yet only an estimate because of uncertainty as to the true electrode area. 
This difficulty cannot be resolved un t i l  more refined equipment is received which 
rFIl enable the electrode area to be measured by e lec t r ica l  means. 

Even with the present crude 

Also, the estimated diffusion coefficient in NaCl-MCl f o r  the reducible - 

me uranium(VI) value 

Exploratory studies shov the KCl-MgC12 system t o  be a potentially useful lower- 
melting salt system. 
sinrilsr to that in H a C l - K C l  a t  TOO t o  800 C.  
of 50 percent fo r  "partition" conditions and 100 percent f o r  "co-deposition" con- 
ditions. Cerium behavior in this 
system is different, however. Under "co-deposition" conditions, cerium decontamina- 
t ion factors are a b u t  1.3, as i n  IPecl-KCl a t  TOO C .  Attempted "pa r t i t i on"  deposit- 
ions yield cerium decontamination factors  of only 3 to 7, vice about 150 a t  higher 
temperature i n  the IOacl-KCl system. 
of cerium and plutonium in the 8aCl-KC1 system, it is f e l t  that studies of cerium 
and plutonium behavior over the wider temperature range accessible with KC1-MgC12 
should prove informative 

Electrodeposition behavior of U02 a t  550 C is generally 
Current efficiencies are in the range 

The deposits exhibit O/U ra t ios  of 2.02 and less .  

In view of the striking s imi la r i ty  in behavior 

Studies of KICl-PbCl~~Systeme - Exhaustive drying of the m e l t  appears t o  be the most 
c r i t i c a l  variable yet found in producing lsrge, well-formed grains of UO 
ly s i s  in these systems. 
electrolyses under a wide r a q e  of conditions produced coarse-grained deposits in 
ei5her 2.5 El-PbCl 
(against a Ag/AgCl fl m o l a l ) ,  KC1, PbC12 reference) of -0.4 and -0.5 volts, tempera- 
tures of 520 and 580 C,  cathode arees of about 12 mm2 t o  about 400 mu2, and current 
densities of a b u t  0.6 amp/cm2 to  about 2 amps/cm2. This represents the f i rs t  time 
a coarse-grained deposit had been achieved a t  temperatures as high as  580 C.  

by electro- 
Following a 24 hour chlorine sparge drying treafment, 

o r  in 3 El-PbC12. Conditions tested included cathode potentials 

mC absence of gross amounts of agents which can promote redissolution of U02 is 
also apparently desirable f o r  production of coarse-grained powders. A prolonged 
electrodeposition out of 3 XC1-PbC12 t o  which had been added 1 m/o TlCl resulted 
in a net current cfficisncy of 23 percent and a very fine-grained deposit. 
t h a l l o u s / t u i c  couple is, of course, a catelytic dissolving agent for uo 
it had Seen thought that use of th i s  couple during electrolysis might y ie l  
surfaced grains via polishing action. Hovever, the deposit produced had a badly 
corroded appearance, and it is obvious that the redissolution rate  must be markedly 
reduced to achieve any such beneficial effects.  

The 

smooth i' and 

1 2 5 2 4 1 5  
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m e r  of Growth of Electrolytic UOp - Time lapse infra-red photography proves to  
be a very useful too l  for following the accumulation of UOe on a cathode during 
electrolysis. 
are ini t ia ted after the first few minutes of the deposition. Rather, the deposits 
tend to  grow uniformly w i t h  l i t t l e  change in  surface irregularit ies a f t e r  the 
i n i t i a l  stages of deposition. In an experiment employing a dry air  atmosphere the 
deposit consisted of fluted spear point grains. 
t o  grow quite rapidly while the sides grew very slowly, i f  a t  all. 

Studies t o  date in  the laC1-KC1 system indicate that f e w  new crystals 

The leading edges of these appeared 

Growth of Self-Supporting UOp Ceramics - Growth of void-free polycrystalline 
l r i l y  a matter of achieving a correct balance between 
parameters which control the deposition and redissolution rates fo r  U02. Parameters 
which are c r i t i c a l  i n  determining deposition rate  arO the expected electr ical  
variables and the oxygen content of the sparge gas. Parameters which are apparently 
c r i t i c a l  i n  determining redissolution rate are the hydrogen chloride content of the 
sparge gas and temperature. Inclusion of oxygen i n  the sparge is  necessary to  avoid 
conversion of the electrolytically reducible uranyl species t o  soluble reduced 
species, e.g., uranium(N), by chemical processes such as the reaction 

U0g12(so11n) + C(S) + ~ 1 2 ( g )  ____a ~ ~ ~ + j s o l ~ n )  + co2(g) 

which occurs a t  the graphite anode. 
chloride is  apparently necessary and may avoid rampant, e r ra t ic  growth by redissolviag 
new crys ta l l i t es  a t  an embryonic stage. Experimental observations to  date are i n  
keeping with these suppositions. 
ECl/air ra t io  of about 10/1 and a current density of 0.04 to  0.2 amps/cm2 a t  740 C 
in NaC1-KC1. 
the stated maximum yield coarser grained deposits w i t h  irregular sarfaces. Current 
densities near the stated minimum yield a fine-grained deposit with a "glazedft 
surface while current densities below th i s  minimum yield negligible net deposition. 

Inclusion of a dissolving agent such as hydrogen 

Dense, void-free deposits are obtained with an 

Higher current densities yield larger void volumes while those near 

Plutonium Behavior i n  NaC1-KC1 - X-ray diffraction patterns for  "co-deposits" made 
out of melts in which the U/Pu ra t ios  were 10/1 and 15/1 show these deposits t o  
be of the mixed crystal  type rather t h a ~  a solid solution of Pu02 in U02.  

Engineering Developnent - Development of tecianiqces l o r  production of electrolytic UC5 
from the P b C 1 2  - 2.5 KC1 ml ten  salt systes w a s  contimed in  the 20 l i t e r  p i lo t  plant 
unit. Two runs were made with a 1.5 inch dianeter graphite cathode and a 6-inch 
inside d i e t e r  annular graphite anode to  tsst operation with potential control by 
a reference electrode system, Improved over that repoded last  month (see W-6982X, 
p. c-18). 
solction of 1 M A g C l  in equimolal W C 1 2 - K C l  contained i n  a Pyrex tube. 
placed near thg cathode in the molten salt and t he  cathode was maintained a t  500 mv 
oxidation potential by a r ec t i f i e r  control system. 
w e l l ,  providing close control of the cathode to  soh t ion  potential. Partial freezing 
of the m e l t  during an overnight rw?. caused some disturbance in  the electrolysis 
but did not affect  the voltage control system operaticn. 

The reference electrode comisted of a sever wire inserted into a 
It was 

me control system worked very 

A th i rd  run was made with a 6-fnsh x 1/2-inch x 36-in~h Hastelloy D cathode. 
electrolysis potential vas con+vrol?-ad 3y the reference electrode method and a 
temperature controller was used to  Frwen-t t k e  melt f r c s  freezing. 
was accomplished without incident bx: a finer-tha-,-us-imi, denclritic pro6uc5 w a s  
obtained, probably dGe to a low curreaz 3ens::y. No tenderxy of the  Hastelloy D 
electrode to  warp or crack w a s  observed. 

The 

The electrolysis 
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Upon campletion of the three runs, the molten P'bC12 - 2.5 KC1 salt and residual 
uranium were vacuum transferred to  another crucible. This was the first  demon- 
stration that the heavier m a l t  could be handled in the s- way as the IOacl-KCl 
ml ten  salt. 
has been submritted for an8lya is .  

A sample of 8 black sludge which remained in the or iginal  crucible 

Induction Heat- Control System - An automatic control system is being designed 
for use in controlling the temperature of a fused salt crucible in an induction 
heating coil. a b e r s  to-be an ideal application for  so l id  state sil icon 
controlled rec t i f ie rs  (SCR' 8 )  as the power eprpllfying control devices VLth ei ther  
a thermistor or resistance bulb bridge c i r cu i t  as the feedback control for the 
SCR'S. 

Materials of Construction - Tvo more  experinwntsl alloys from Battelle Memrial 
Inst i tute  as w e l l  as samples of Dura-lickel and Perm-Nickedvere exposed to 
hydrogen chloride sperged e uimolar N a C l - E l  m e l t  a t  800 C. All corroded a t  
rates in excess of 100 mils  7 m. A saurple of 87 percent N i  - 13 percent Al a l l o y  
wea exposed to  the NaCl-KCl melt at 800 C alternstely sperged v i th  m o g e n  chloride 
and vater-saturated air. Metallographic 
eramination showed the alloy is a two-phase system and the minor phase is the one 
attacked. 
aluminum which should produce a more neerly single-phase alloy. 

The sample corroded a t  about 0.04 m i l / = .  

O t h e r  erperlmental U o y s  to  be received from BMI v l l l  contain less  

Ion Exchange C ontac tor Development 

A screened piston to operate on a 4-inch Plexiglas cylinder was fabricated to  study 
the nature of countercurrent ilov of sol id  and l iquid phases. 
on 20-40 mesh resin in water tend to confirm the practicabili ty of simultaneous 
countercurrent flows of sol id  and l iquid phase8 under non-pulsing conditions. 
was pumped countercurrent to the resin up to a velocity of 890 ml/min through a 
plug of resin 8-inches long. 
The problems of smooth and reproducible flow under pulsing conditions remains to  
be solved. 

I n i t i a l  experiments 

Water 

The average resin movement was about 170 ml/min. 

PRm Studies 

Studies of the radiation chemistry of the halogenated hydrocarbons (CHC1p2 and 
CC12p2) used in pressure testing the P.Rm were undertaken in an ef for t  t o  identify 
the source of chloride and fluoride ions found in  the vater. It was found that 
105 rads from the cobalt-60 source vould decompose 10 t o  30 percent of these 
halogenated hydrocarbons in D20 solution. 
8nd the lov solubility of this material in the w a t e r ,  all of the dissolved hydro- 
carbons would be readily decomposed in one day a t  1 MW operating power level.  
decomposition of about 30 pounds of this material w o u l d  yield the amounts of chloride 
axad fluoride found in the primary coolant following the i n i t i a l  run. 
much material vas added d u r a  pressure testing. Radiolysis of  these materials 
also increases the acidity, a phenomenon observed during the reactor operation. 
Since t h i s  acidity change occurred over several weeks, it appears l ike ly  that the 
source of the acidi ty  (and probably the chloriCe and fluoride ions) continued t o  
enter the reactor system during this period. 

Because of this rapid rate of radiolysis 

The 

A t  least this 

The source of the chloride and fluoride ions i n  the PRPi during the f i r s t  run have 
not been definitely determined but the above circumstantial evidence Indicates that 
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it could have been the "Genetron" refrigerants used in pressure testing. 
no Genetron w a s  observed i n  reactor samples, th i s  could be explained on the  basis 
of the rapid radiolysis of these materials. 

Although 

Measurement of Chloride in €?RTR Coolant 
* Total chlorine in the primary coolant was found t o  be 0.1 and 0.2 ppm by activation 

analysis. 
in the 100-KE "Quickie" fac i l i ty .  
measurement of i ts  2.1 Mev gslmpa ray. 

Samples of the coolant plus standard HC1 were irradiated for-1 hour 
The resultant C l - 3 8  found was determined by 

RADIOACTIVE RESIDUE FIXATION 

Mineral Reactions 

A cl inopt i lol i te  bed loaded w i t h  cesium from a high-sodium solution w a s  eluted 
with ammonium nitrate.  Elution curves fo r  sodium and cesium indicate that the 
sodium was removed first,  being essentially a l l  eluted w i t h  the i n i t i a l  ten percent 
of the cesium. Thus, it is possible to  obtain a sodium-free solution of cesium and 
ammonia by discarding the first eluate. 
leave relatively sa t - f ree  radiocesium. 

Ammonium salts can later be removed t o  

A very high cesium capacity was exhibited by a column of phenolic resin receiving 
a simulated Purex high-level waste supernatant solution. After passage of 75 bed 
volumes a cesiumbreakthrough of only 0.5 percent w a s  achieved. A Dp of greater 
than 10 w a s  obtained fo r  the first 40 bed volumes. No dilution of the waste was 
required, but the OH' concentration was increased to  2.8 M. T?ae column is being 
operated a t  a low flow ra te  to  obtain th i s  high capacity Gith a column residence 
time exceeding two hours. 

4 

Column experiments were perfonned to  study the improved cesium adsorption of clinop- 
t i l o l i t e  upon heating. The column results confirmed the improvement previously 
observed w i t h  equilibrium experiments. Clinoptiloli te heated a t  400 C f o r  four hours 
was compared with untreated mineral. While no increase i n  the to t a l  adsorption 
capacity of the mineral was obtained, the heat treated sample had a significantly 
increased selectivity for cesium. 
traced with Cs-137 the column of treated mineral exhibzted twice the cesium capacity 
of untreated cl inopt i lol i te .  

The relative effect  of flow rate and dilution on the cl inopt i lol i te  adsorption of 
cesium from simulated Furex w a s t e  tank supernatant solution w a s  studied. Four 
column experiments were performed a t  four different dilutions and flow rates 
adjusted to  provide the same rate of high-level waste throughput i n  each case. 
Although the slope of the breakthrough curves decreased w i t h  increasing flow rate, 
the cesium capacities of the beds, as indicated by the 50 percent breakthrough 
points, remained nearly constant. 
slight reduction (about 5 percent) in cesium capacity. 
reduced flow rates may be substituted fo r  dilution t o  achieve maximum adsorption 
capacity from such wastes. 

In the case of 1.0 M sodium ni t ra te  solutions 

The column w i t h  the highest flow rate showed a 
The results indicate that 

Pyrochemical Reactions 

Scouting experiments were isitiated %o examine possible pyrochemical fixation 
reactions. The systems studied involve a metal and a salt intimately mixed and 
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heated. 
exemplify the type of reactions sought. 
molten zinc and the sulfates of barium, iron, potassium, cerium, nickel, and 
chromium at 500 C. 

The reported fomtion of stable solids from metal-tungstic ox ide  systems 
Initial experiments were performed with 

No reactions of interest were obtained. 

Condensate Wastes 

!The effect of dilute ammnium ion on the cesium capacity of Decalso was measured. 
Thls zeolite is ae effective for adsorbing trace concentrations of Cs-137 as is 
clinoptilolite when the emmniunr ion concentration is below 5 x M. Although 
clinoptilolite is more selective for cesium than is ~ccalso, the greaXer i o n  exchange 
capecity of the synthetic zeolite attains significance when the competing ion con- 
centration becomca quite smal l .  

Research continued on methods for removing interfering organic residues and m n i a  
from boiling high-level waste tank condensates prior to radioisotope removal with 
exchangc meterials. 
hours w i t h  Purex Tank Farm radioactive condensate waste fuel containing 130 ppn 
empaoaia, 150 ppm butyl phosphates and 35 ppm hydrocarbons. 
about 5 to 7 percent of the feed rate, the stripper is effective in reducing the 
emmonia to 5 ppm, the butyl phosphates to 1 ppm and hydrocarbons to 5 ppm. 
is the significant radioisotope which remains with the overhead stream and it is 
present in concentrations of about its w. 
detected in the overhead stream it is present in concentrations less than 10 percent 
of its e. 
zirconium, niobium and cesium a n  found in the stripper bottom stream. This stream 
was further treated by passage through activated carbon to reduce the residual 
organic. 
exchange resin (Amberlite IR-120) in the hydrogen form. 
analytical results, strontium, cerium, zirconium and niobium radioisotopes were 
always present in the effluent in concentrations less than 10 percent of their MPC,. 
Cesium was present in concentrations less than 10 percent of its MPC, f o r  the first 
5600 column volumes of effluent. Ruthenium was present i;l the column effluent in 
concentrations ranging f r o m  about 10 percent of its HEw initially to about the 
m, when 800 column volumes had passed through the colunm. 

The m-CR experinmntal steam stripper was operated f o r  500 

With a boil-off rate of 

Iodine 

Although some ruthenium can be 

The remaining ruthenium and the radioisotopes of strontium, cerium, 

Over 8000 column voluppes of this waste has been passed through a cation 
Based on preliminary 

RutheEium Tetroxide Studies 

Additional experiments were performed on the removal of rutheaim from a gas stream 
with silica gel. Decontamination factors in the range 8 x 103 to lo5 were obtained 
with a bed of Sargent silica gel, and the ruthenium was adsorbed as a tight band, 
which turned black (presumably due to reduction to Ru02 in situ) 
ments with a washed Davison silica gel gave quite different results. 
ruthenium was yeUow in color and migrated through the bed on subsequent use. 
The initial decontamination factor was 1.7 x lo3 and this dropped to the range 22 
to 47 when the bed waa used again after standing one week. 
migration of RuO4 may limit the utility of silica gel beds. 

In the experiPllental eetup, the ruthenium which passes through the silica gel is 
trapped for analysis in a tvo-stage bubbler coatainhg sodium hydroXiCe and hypo- 
chlorite. The first bubbler removed slmost all of th activity, decontamination 

activity built up. These results suggest that a properly designed scrubber might 
be quite effective in remov4bg ruthenium from cakinsr off-gas, certainly in con- 

Similar experi- 
The adsorbed 

It is evident that 

factors with fresh soluticn 3eiag greater than 3 x 10 t and dropping to 670 as the 

gel sorption. 
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Radiant Heat Spray Calcination 

Construction of the in-cell calciaer and i t s  associated equipment is progressing 
satisfactorily.  Following completion of all of the components, the unit  w i l l  be 
assembled and cold-tested prior t o  installation i n  c e l l  A of the 325-A Building. 

I n  related studies, experiments continued on the cataphoretic scrubber. Substitution 
of a corona discharge tube for  a wire point arrangement gave inconclusive results, 
suggesting that either the particles were not becoming charged or that they were 
being discharged before they reached the scrubber. 

A Haupin-type thermal conductivity apparatus w a s  assembled and calibrated with 
sodium chloride. Results agreed w i t h i n  two percent'with accepted values. A 
determination takes only ten minutes after the sample is prepared. 
should be of value i n  determining the thermal conductivity of calcined wastes. 

The apparatus 

BIOLOGY AHD MEDICINE - 06 PROCRAM 
Geology and Hydr ology 

The temperature of water in W o r d  wells was measured with a thermistor probe. 
When complete, the measurements w i l l  provide information concerning areas of recharge 
of  thermally warm plant effluents. 
measuring the temperature a t  various depths below the groundwater surface. 
geothermal gradient of about one degree P temperature increase per 60 fee t  of depth 
was found, which agrees with that found i n  the exploratory deep-well constructed on 
Rattlesnake Mountain. 

Temperature profiles w e r e  also obtained by 
A 

In some cases a uniform temperature profile w a s  observed and ascribed t o  ver t ical  
mixing of water i n  the w e l l .  Thermally hot plant effluents can be traced several 
Idles from their source by temperature measurements. 
channels of water 6-7 P colder than in surrounding wells probably reflect recharge 
of cold r iver  water in the erosional channels previously studied. 

North of Gable Mountain 

Basalt, i n  the vicini ty  of the Separations areas, w a s  detenained t o  l i e  relatively 
Close to  the groundwater over a larger area than previously believed. 
the first w e l l  completed on Project CAH-921, encountered basalt sore than th i r ty  f ee t  
higher than predicted, and less than ten feet below the groundwater table. 
impermeable basalt In  this area 1s now known to  l i e  so near the groundwater table 
aa  to  directly affect  groundwater flow directions over an area of more than f ive 
square miles. 
desirable. 

Well 299-E34-1, 

Relatively 
- 

Detailed delineation of the basalt surface accordiogly is highly 

Soil Chemistry and Geochemistry 

Messurements of strontium removed by zeolites from multi-cation systems were treated 
s t a t i s t i ca l ly  to  obtain l inear  regression coefficients. 
the Investigator t o  compute the e f fec t  on strontium removal of each system variable 
witkin the range studied. 

These coefficients enable 

The regression equation obtained from the c l iaopt i lo l i te  experiments is: 
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Y = 0.1069 + 0.1526 a + 0.2725 b - 0.0222 c + 0.0792 d 

Y = strontium C/C, 
a 

c = residence t i m  In minutes (1.01 to-5.02 min) 
d = sodium ion molarity (0.0 - 1.0 - M) 

calcium ion molarity (0.0 - 0.2 W) 
b I ~ O ~ ~ S S ~ U I U  ioh mleurlty (0.0 - 0.5 M) 

The strontium breakthrotqh pinta calculated by this equation correlate very well 
the maaured values. 

- 

Experiments were performed to study the ability of various sul f ide  minerals to 
&orb nathenium f r o m  arolution. 
(Cu, FeS2), galens (Pbs), Sphalerite (Zns), Stibnip (Sbs ), and arsenopyrite 
(PeAaS) . 
evidence of signiiicant adsorption with any or  these-minerals. 

The minerals studied were pyrite (Pes2), chalcopyrite 

Equilibrium experiments With 10- to 10' I rutdnium at pH 2.5 gave no 

Pield Apparrr tus Developmnt 

The thermistor probe for In-well groundwater temperature mcasurement was completed 
and given extensive f i e l d  tests. Satisfactory performance in routine measurements 
was experienced. A smrrll pressure coefficient, equivalent to + 0.005 C per 75 psi 
was measured. 

Manager 
Chemical Research and Development 

WH Reas:cf 



UNCLASSIFIED . D-1 HW-70165 

BIOLOGY LABORATORY 

A. ORGANIZATION AND PERSONNEL 

D r .  PI. F. Sullivan started a one-year leave of absence t o  accept a National 
Inst i tute  of Health Fellowship t o  do reseaPch vmrk under D r .  R. H. Mole 
of the Medical Research Council, Harwell, Fhglaud. 

D r .  R. A. Hennacy resigned from the Pharmocolo~ Operation t o  accept a position 
and study in the Physiology Deprtment at the University of Washington. 

D r .  Ahmet Noyan of the University of Ankara, Turkey, arrived for  a one-year 
assignment in Biology. 
He w i l l  be performing research mostly with the Fqerimental Animal Farm a d  
Pharmacology Operations. 

Dr .  Jdlmgs Parkfrom the University of Ohio joined the Pharmacology Operation. 

He is the f i r s t  I.A.E.A. Fellow to  be assigned t o  Hanford. 

Four sumer employees were assigned to Biology during June: 

George 3 .  Rhyneer, University of  Chicago Medical School - to be with 

Beatrice J. McClanahan, Washington State University (on leave of absence 

Patricia L. Hackett, Washington State  University (on leave of absence 

Keith R. Price, Washington State University - Plant Nutrition and’ 

the Ekperimental Animal P a m  a d  Pharmacology. 

from Biology) - Experimental Animal Farm. 

from Biology) - Metatmlism Operation. 

Microbiology Operation. 

B. TECHNICAL A C T I V I T I E S  

FISSIONABLE MATERIALS - 02 PROGRBM 

Effect of Reactor dffluent on Aquatic Organisms 

The fabrication of the hydraulic test flume proper is  completed, but 
not the  installation. Installation should be completed in  July. 

C. columnaris 

Continued checking of the survival curves and re lat ing them t o  virulence 
has so f a r  shown no instance of an avirulent form which was not haploid. 
Highly virulent s t ra ins  likewise are uniformly diploid. Strains of 
columnaris which show moderate virulence show i n  some instances a survival 
cume which is typical of the haploid and in  other instances a survival 
curve typical o f - h e  diploid. 

Fish which were grown i n  the presence of reactor effluent treated by 
aluminum turnings showed the same susceptibility to acute exposures t o  
columnaris as did f i sh  grown i n  untreated effluent, 

UNCLASSIFIED 
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Papulation Dgnamics - Wacterfowl 

Banding of Great Basin Canada geese in cooperation w i t h  the Washington 
Departanent of Game waa conducted on t h b  Hanford Reservation. 
120 geese, young and adults, f l ight less  due t o  moulting, were banded. 

Approximately 

BIOLOGY AND MEDICINE - 06 PRDGW 

TOXICITY, AND OF RADIOACTIVE MATERIALS 

Deuterium 

A past culture which w a s  cultured in D20 showed a d i s t h c t  pink pigmentation. 
ThLy pink color ia reminiscent of an adenine de f i c i encyknm t o  occur i n  
these yeasts, but this seems unlikely in tb present case since adenine is 
not present in the  medium. 
produced and it w i l l  be extremely interesting t o  determine whether t h i s  
mutation is characteristic of deuterium treatment or merely a random mutation 
event. 

It appears that an unusual mutant type has been 

I n i t i a l  studies on the radiation sensi t ivi ty  of deuterated haploid y e a s t  
showed'that these ce l l s  were more thm twice as resis tant  t o  X-ray 
inactivation *an were ce l l s  of the same strain which had been cultured and 
irradiated in ordinary H20. '*, . 

Preliminary studies with Tradescantia meiotic ce l l s  6 o s e d  t o  D20 f o r  
about eighteen hours show an exceptional number of  aberrant divisions 
in  which there are a variety of chromosome abnormalities, 
suggest an effect on *e interchromatid binding, supposed to be due t o  
hydrogen bonding, and might lead t o  a clar i f icat ion of the problem of 
chromosome interaction within the C d l D  

These resul ts  

Stront ium=Calcium 

Ekperiments with in tac t  plants had previously shown that strontium accumulated 
in higher parts o f  the plant a t  a more rapid rate  than did calcium immediately 
after exposure of the plants t o  the elements i n  the r o o t  environment. 
extend these resul ts  and determine &ether this discrimination was the 
consequence of ion movement in the t rampbat ion  stream o r  ion movement 
through root transport mechanisms, plants were topped, and the exudate 
examined over the f i r s t  twenty-four hours. 
the labeled strontium over the labeled calcium during the f i r s t  three hours 
and thereafter calcium became more concentrated in the exudate. These results are 

processes involved are independent of the f o l i a r  portion of the plant. 

To 

The exudate contained an excess of 

accord with the previous work with intact  plants and s h o w  that the 

The effect  of dinitrophenol on calcium a d  water uptake by roots was likewise 
checked by cutting the stems of beans and replacing the suction normally 
applied by evaporation from the leaves by a suction of 11 cm of mercury. 
Previous work had shown that the DNP rapidly closed the stomatal openings 
on leaves and thus modified the tension placed on the r o o t  system. In  the 
present experiments the DNP decreased calcium uptake into the exuded water 
over the f i r s t  twelve hours and increased calcium uptake during the following 

UNCLASSIFIED 
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twelve hours. 
hours and increased during the l a s t  twelve hours o f  tb experimnt. 
this it appears tha t  the barr ier  affect  of the root is increased a t  f i r s t ,  
but then decreased with prolonged exposure t o  DNP. 

The resul ts  of radioanalysis of trout which survlved fo r  varying numbers 
of weeks after 2 1  weeks (five days per week) oral administration of Sr9O0Y9O 
are summarized below: 

Water uptake was similarly depressed during the f i r s t  twelve 
From 

Treatment 
Low level, 5 x 1 0 ° 3 p r c / g  Medium level,. 5 x lo-* pc/g 

f i s h  per day ’ f ish per day 
Mean - Range Mean - Range 

Weeks lapsed from 2-31 11 5-35 
end of feeding 

19 

Total p c  Sr9°-Y90 89-170 UO 75;O-1700 1200 
fed 

Bod burdenpc 8.3 -31 
Sr98-Y90 in f i sh  

16 170-300 240 

Number of f i s h  6 7 

Calculations show an average body burden of 1 2  per cent and 20  per cent 
of the total. amount of isotope fed for low and medium level treatment, 
respectively . 

of data from the radiochromate-tagged erythrocytes study in control 

This observation appared incompatible with the data 
A”ly”B and,Sr -fed animals revealed that  in both groups survival half time of  tagged 
ce l l s  was 30 to 35 days. 
on the radioiron studies in  the same animals in tha t  Fe59 disappeared from 
the plasma and appeared i n  the erythrocytes more rapidly in the animals fed 
25 pc of Sr90 than i n  the controls. This suggested that  erythrocytes were 
being formed more rapidly and conversely must be dying or destroyed a t  a 
more rapid rate  i n  these animals i f  the erythrocyte population was to be 
maintained a t  the same level as  control animals, 

Several reasons were developed t o  explain this apparent inconsistency i n  the 
data. 
population of erythrocytes; that  is, one where there is  not a rzndom distribution 
of red blood c e l l s  with respect t o  potential l i f e  span. 
population is  tagged with radiochromate, the l i f e  span w i l l  be weighed fo r  
the long-lived components, since due t o  their  longer l i f e  span there are 
relatively m a n y  more i n  the circulating blood than would be noted by their  
ra te  of forma%ion i f  l i f e  span i s  not considered. 

A t  this time the most logical. explanation is tha t  there is  a skewed 

If such a skewed 

Iodine 

Two ewes administered three mc of 1131 three years ago are  exhibiting a 
hypothyroid spdrome. The radiation dose t o  the thyroid was about 40,000 rads. 

U X  LASS1 FIED 

1 2 5 2 4 2 4  



Following the administration of a tracer dose this month, the m a x i m u m  thymid 
uptake was less  than eight per cent compared with a normal value of a b a t  
30 per cent. 

Plutonium 

A study of plutonium excretion into  the^ i n t e s t b e  and f310 effect  of DTPA on 
t h i s  excretion waa caupleted in b i l e  duct cannulated rats. 
results were reported in May. The excretion of plutonium via  the b i le  w a s  
clearly indicated BB waa the acceleration of. this excretion with DTPA. 
It is not clear if these results indicate the normal proportion of b i l ia ry  
plutonium since surg icd  cannulation itself drast ical ly  affected urinary 
aud fecal excretion. 
techniques, DTPA increased plutonium accretion to the same extent in the 
perf'used duodenum aal jejunum but had no apparent effect  on excretion i n t o  
the ileum. 

Preliminary 

In a limited study employLng intest inal  perfusion 

Trausfer of Radionuclides t o  Milk 

In order to determine the extent of transfer o f  various radionuclides from 
blood to milk, the following p i lo t  study was performed: 

Dose administered (pc) 100 25 125 200 1 mc 150 150 150 

Route of  administration 1- daily-ord I I single-intravenous + 

Number of ewe8 1 2 2 2 2 2 2 2 

Stage of lactation I-, e=lY.-l 1 h a t -  

Length of study (days) 21 18,P 18,21 18,21 2,lO 2,6 10 4 

A total of seven ewes were ut i l ized  since some of tb animals were given more 
than one radionuclide. The pmlkninary data indicates tha t  about 15 per cent 
of orally administered cesium and 25 to 30 per cent of the orally administered 
iodine and phosphorus appears in the m i l k  each day. It a l s o  appears that  up 
t o  50 per cent more radioiodine is secreted i n  the colostrum than i n  regular 
m i l k  . 
No untoward effects were observed in any of the experimental ewes except the two 
given neptunium. 
injection, manifesting lesions suggestive of a heavy metal toxicity. The other 
ewe administered neptunium was sacrificed on *e s ixth postrinjection day after, 
four days of refusing feed. 
toxicity. (Whether 
th i s  dose of metal will produce a heavy metal poisoning would require a 
considerable number of t e s t  animals.) 

One of these ewes expired abcut 5s hmrs a f te r  the neptxnium 

No lesions were observed resembling a heavy m e t a l  
The dose of neptunium metal was about 3 mg/kg body weight. 

UNCLASSIFIED 
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Radioactive Particles 

Studies of the effect  of par t ic le  size on retention and translocation of inhaled 
PUB902 were continued in  experiments with beagle dogs. Greater translocation 
is consistently seen a f te r  inhalation of particles with a mass median diameter 
of 3 ~ . r  and less  than a f te r  inhalation of  b p particles, 

In further studies of tbe acute effects  of inhaled Pu23902, one dog deposited 
about 700 pc, several times the level  required t o  cause death a t  two months a f te r  
exposure. 
w o s u r e ,  
other dogs after inhalation of  h o p  is being investigated, 

Rats exposed t o  NpD7 containing dust retained i n  the lung about 2 per cent of the 
t o t a l  deposited Np237 three weeks a f te r  exposure, 
fecal excretion changed ccntinuously during the three-week period. There w a s  no 
appreciable accumulation of Np237 i n  t issues outside the respiratory and gastro- 
intestinal t rac t ,  
r a t s  occurred a t  the maximum level of exposure, deposition of about 200 picocuries 
i n  the lung  (or about 1 mg of dust). 

Electrocardiograms and chest radiograms show no changes two weeks a f t e r  
The mechanism for the development of  the lymphopenia observed in this and 

The ra te  of clearance v i a  

In  acute toxicity tes t s  of the dust only three deaths in  lb 

Microbiological Skrdie s 

A dose of  50 kr  of X rays to  growing cultures of E. cereus v i r tua l ly  stopped c e l l  
division, 
the sporulation process, suggesting that  sporulation and cell .division are quite 
independent, 

"his same dose applied t o  ce l l s  entering sporulation did not stop 

Effects of Radioactivity on Populations 

Experimental l o t s  of nine different  l i f e  stages of flour beetles (Tribolium 
confusum) were exposed to- a range of X-ray dosages to  determine levels of 
radiation tha t  produce s t e r i l i t y  and lethali ty,  

This study is preliminary to  subsequent investigations on the effects of  radiation 
upon population dynamics , 

Plant  Ecology 

Previous studies have shown differences in  the production of grass and i ts  content 
of fa l lou t  radionuclides between burned and unburned areas on the Hanford Reservation. 
Studies i n  progress t o  evaluate environmental effects of burning have shown 
dsferences in the s o i l  temperature (two inches below surface) of areas harvested by 
clipping and burning. 
plots during the winter. 
greater, the m a x i m u m  and minimum s o i l  temperatures were higher and lower, 
respectively, by 2 t o  5 C fo r  the burned plot than the clipped plot. 
attributed t o  removal of organic mulch by burning. 

L i t t l e  temperature differentiation occurred among the 
bring the spring when a i r  temperature changes were 

This is  
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Project Chariot 

Ths 1961 linmological axxi terrestrial f ie ld  studies were s tar ted a t  Cape Thompson 
in Arctic Alaska bya f i e l d  party of four. 
freeseup i n  September. 

C a r i b o u  are q e c t e d  t o  contain higher levels of  fallout radionuclides becase  
of their  conaumptian of lichens whlch contain highest levels of fallout mater ia l  
antong the plants. 
Sr90 levels ranging from (5.2 t o  21 p.lcocuries/g dry.weight. 
same animals contained less  than 0.06 picocuries/g dry weight. 
content of f lesh averaged 1 t o  33 picocurlss/g dFy weight. 

The f i e l d  work w i l l  continue un t i l  

Bone from twelve caribou collected during 1960 contained 

T 7 t b  
Muscle f 

The Cs 

Fish as Bio-Dosimeters 

As a preliminary test, young rainbow t rout  fingerlings were subjected t o  
approximately 1000 g for 2 t o  3 minutes in a centrifuge. 
extrema disorientatfan as evidenced by rapid swimming i n  "corkscrew" shaped 
patterns for  four t o  f ive days af ter  the  test. 

All survivors showed 

Some evL&nced permanent disorientation in l a t e r  stages by swimming in a 
ver t ical  rather than a horizontal plane, probably due t o  visual stimulation 
of the dark backgrand. 

Manager 
BIOLOGY LABORATORY 

H4 Kornbergzes 

1 . 2 5 2 4 2 1  
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C. Lectures 

a. Papcrs Presented a t  Meetings 

W. J. Bair, "Effect of par t ic le  s ize  and t u t a l  dose on retention and 
translocation of inhaled plutonium, 
Las  Vegas, Nevada, June 12-16, 1961. 

Health Physics Society Meeting, 

W, J. B a i r ,  "Translocation and excretion of inhaled Cellr402 particles,t1 
(written by R, A. Hennacy) Health Physics Society Meeting, L a s  Vegas, 
Nevada, June 12-16, 1961 

D. A. Barber, wThe effect  of DNP on calcium accumulation and transpiration 
i n  barley seedlings,tl A.A.A.S.  - American Society o f  Plant Physiology, 
Davis, California , June 20-22, 1961. 

and transpiration," A.A.A.S.  - American Society of Plant Physiology, 
Davis, California, June 20-22, 1961. 

H. V. Koontz, "The accumulation of DNP and i t s  effect  on calcium uptake 

J. D. .Stewart, llEf f ec t  of s o i l  moiswre on uptake and translocation of 
cesium-l.37 and potassium," A.A.A.S. - American Society of P l a n t  physiology, 
Davis, California, June 20-22, 1961, 

F. Po  Hungate, ltCalcium-strontium discrimination in  plants," A.A.A.S. - 
American Society of plant Physiology, Davis, Califarnio, June 20-22, 1961 
(senior authors - R. Lo  Uhler and 0. Biddulph) . 

W. H. Rickard, "Vegetational analyses o f  a desert shrub community and the i r  
applications to radioecology, 
Society of  America, Davis, California, June 21, 1961. 

A.A.A.S.  , Western Section Ecological 

b. Seminars ( O f f a i t e j  

Po A, Olson, "Fish of the Columbia River," YMCA Day Camp, June 29, 1961. 

c. Seminars (Biology) 

R. T. OtBrien, "Biological e f fec ts  of deuterium,It June 7 ,  1962. 

H. E. Erdman, llOigins of l i f e  by spontaneous generationYt1 June 7 ,  1961. 

K j e l l  Johansen, Dept. of Zoology, University of Washington, Seat t le  (v is i t ing  
I1 sc ien t i s t  from Norway) , "Cardiovascular physiology i n  lower vertebrates, 

June 26, 1961. 

d. Miscellaneous 

Radiation Biology Course, University of  Washington - Eichland dranch: 
W e  J. Bair - "Inhalation rroblems,ll - June 6, 1961 
R.  C. Thompson - "Internal Emitters, I f  - June 149 1961 
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D . Publications 

a. HW Documnts 

None 

b. Open Literature 

Bair, W. J. and B. J. McClanahpn, Vlutonium alation staldies. 11. 
k r e t i o n  and translocation of inhaled Fu2%2 dust," Arch. Emlron. 
Health -- 2, 648-655 (1961) . 
organisms along the Oregon and Washington coasts," Science l33, 

Watson, D .  O., J. J. Dads and w. c. Hamon, "Zinc45 in marine 

1826-1828 (1961) 0 

Smith. V. H . .  J. E. Ballou, W. J. Clarke, ani R. C. Thompson, "Effectiveness 
of-DTPA & removing plutonium fran the pig," F'roc. S&. Ekt. Biol .  and 
M e d .  - -9 107 120-123 (1961) 
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OPEEATIONS RESEARCH A l l  SYNTHESIS OPERATION 
MO-Y REPORT - JtME, 1961 

Mrs. Kathryn S. Scott terminated effective June 30, 1961, because of her 
husband's leaving the area. 

OPERATIONS RESEARCH E M T I E S  

Input - Output Model 

The first draft of a report presenting simplified models of the HAPO learn- 
ing process is nearly ccrmplete. 
trying t o  separate the various types of learning involved. 

Same difficulty has been experienced in 

HAPO Criteria Study 

A rough draft report was forwarded to interested parties for ccnmnent. Some 
capmncnts have been received and appropriate revisions which will improve the 
clarity of the report and eliminate sane of the objections have been made. 

ClpERcLmIoNs ANALYSIS STUDIES 

FJel Element Performance 

A trip was made, together with ED personnel, to the uranium feed sites at 
Fernald and Mallinckrodt, and to the S&vannah River reactor site, in order 
-b discuss the data processing and statistical aspects of fuel element per- 
formance. As a result of this trip, steps are being taken to incorporate 
pertinent feed site data into the Hanf'ord data processing system. 
lead to a determination of reasons for the nonrandmness of metal quality 
observed in the Quality Certification Prqram data. 

This should ~ 

The study concerned with describing fuel element distortion using orthogonal 
polynomials is continuing. 
prave to be much more descrip3ive *h+n the present method. 

An is-reactor test was designed in which the main objective is to compare 
ingat with dingot me+&l, in both the rolled and extruded forms. The test 
will also enable a determination of the differences between ingots, 
between dingo*s, Setween bars within dingots, between process tubes, between 
positions within a process tube after correcting for power and temperature, 
and between reactxs ar sections within a reactor. 

Results to date indicate that this method will 

Optimization of Reactor Operations 

Ccnmnents were give3 in connectim with appmpriate decision rules concern- 
ing actisns t~ 3e +,&en when a sitaation is noted in a process tube front - 
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face component whlch could lead t o  a tube melt-darn. Specifically, the 
consequences of shutting down immediately to correct the si tuation were 
ccarpsred w i t h  the consequences of deferring action un t i l  the next outage. 

Further ncawgraphs w e r e  c w t r u c t e d  f o r  use in deter- fuel  element c l ip  
reqalrements using fonrmlae previously developed. 

z Plant I;pform8tion Systems s t l q  

Cansidezable delay in ccpnpiling the 312 computer program was experienced 
the first week in June. 
discovered 311 the ccrrrputer d u r a  debugging activity.  
recaupilation of the program. However, other minor f l a w s  in the program 
reqpiring coplsiderable ccrmputer cansole correction manipuhtian w e r e  a s -  
covered and corrected symbolically in the recanpilation. 

The cauputer operational date has been moved t o  August 1, 1961. 
been brought about by the cauputer pro- assembler faults, IB! 70% dam- 
time and corresponding backlog, and delay i n  obtaining and training personnel. 

Following the cwrpilation, a subtle error was 
'&is required 

This has 

Reliabil i ty Studies 

Work continued on the problem of designing a switch t e s t  program. 

The Boolean Matrix approach t o  system re l i ab i l i t y  studies is being explored. 
Attention is being focused on the developent of a technique which is  
readily adaptable t o  d ig i t a l  computer solution i n  a minimum number of 
operations. An extensive l i t e ra ture  search is a l s o  i n  progress. 

Dlffusian Studies 

- An uchsuative l i t e ra ture  search was caupleted on numerical methods f o r  
obtaining solutions t o  the unsteady state noalineer diffusion equstion. 
a result, the best characteristics of several methods have been incorporated 
Into a scheme which has exhibited considerable p r d s e  on smaU hand-computed 
test cases. 
be tested on samewhst more r ea l i s t i c  and practical  problems. 

As 

A computer program is now being written so that the method can 

Inventory St;rdies 

%e second sMu83 inventory by sampling was conducted in Spare Parts 
Inventory i n  May. Two problems arose i n  t h i s  par's inventory. 

1. A Urge surplus was found in the category where line items 
supposedly had a value of zero. 
and a breakdown into unit  d u e  categories within the zero value 
l ine  i t e m  category w a s  reccnumended. 

Inventorying a h r g e r  sample 

2. A good past of the def ic i t  fnrad in  other categories turned out t o  
be misplaced i t e m s  found a f t e r  the inventory. The question arose 

SECRET 
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as to whether these "found" i),ems should be included in inventory 
calculations. mese items will be reported both ways in this 
particular inventory to point out that the original deficit is 
conservative. However, it was recamended that in more mobile 
inventories, where goods can be more easily replaced, the results 
of the initial inventory be taken without correction. 

Fuels Preparation Department 

Data from a designed experiment conducted in the fuel element pilot plant 
were analyzed in order to arrive at an optbum set of canning conditions 
to use in the canning of six-inch I and E fuel elements. 

Techniques were given for assigning uncertainty to an average texture 
coefficient (X-ray diffraction data) given values for samples within fuel 
element and measurements within samples. 
uncertainty at a given cost were also given. 

Procedures for minimizing this 

Discussions were held with F!PD and I P D  personnel reviewing some of the 
production tests currently being readied for execution. 

Irradiation Processing Department 

The study to assess the feasibility of objectively monitoring electrical 
pulses sharing power consumption in the 100 and 300 axeas is continuing. 
Decision rules to use in deciding when additional parer 
locally will be evaluated. 

should be generated 

The differential equation system governing the time behavior of the helium 
concentration in a reactor atmosphere subject to feeding and bleeding were 
derived and closed-form solutions obtained hereto. 

A complicated definite integral which arose in the course of a reactor 
engineering study was evaluated in terms of complete elliptic integrals 
Df the first and second kind, 

Work continued on design of an optimum search scheme for inpile detection 
of neutron sinks. 

3hemical Processing Department 

A summary of the results obtained ic the analysis of final part dimensions, 
as measured at $he various sites, vas presented in an informal report. 
Recommendations were given for bet+,er assessing the various sources of error 
in the future. 

An examination was made of the relationship between density and impurity of 
fabrictl5ed par5sS. 
and a canparison was also made of these techniques. 

Bnsity was measured using three different techniques, 
This is really a part of 

I 2 5 2 4 3 2  
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a larger study in progress, which is aimed at investigating the effects an 
button density of impurities in order to better control density, which in 
turn is believed to affect dimensional. stability of the final part. 

A comparison was made between reporbed plutonium isotopic contents for 
buttons as mcBsuspdd by maas spectrographic snalysis and by neutron count- 
ing. lbis MB dona in order to detezlmina if neutron counting can be used 
to provide a satismtory acceptance test for buttons. 

Mathematical eqressions were derived for the solid angles subtended at 
specific points on the floor of an open-tapped ret- pit. 
expressions are useful in calculating radiation dosages. 

These 

Ccmplete specifications for the am necessary to control the Gorton lathe 
during the machining operation on the i n t e r i o r  surface of the 1251 membrane 
ccmponents were calculated and suhmitted far fabrication. 

Work is continuing on the theory for obtaining and recording +he data 
necessary to guide the Gorton lathe under the proposed new system of 
numerical control. 

Pulse Column Test Facility 

The second set of midcolumn photometer calibration data is currently baing 
processed. 
concentration and normaUzed phototube output voltage indicates that there 
i s  a significant exponential damping for the higher uranium concentrations. 
Further analysis is being done to build this ming effect into the calibra- 

temperstwe correction data for the midcolumn photcrmeter has been suspended 
until the N E U Y  nonlinear least squares rcnrtine has been debugged. 

IVR Graphite Studies 

Tolerance statements describing the population of graphite bars currently 
under consideraLion for use as IUPR moderator were cons+xucted using extreme 
value themy for temile and ccappression strength measures and modulus of 
nrpture data. The extreme value theory assumes that breaking strength is 
a functim of the largest defect, while normal theory assumes that strength is 
an average pruperty. The resul2s of this analysis m e  being incorporated 
I n t o  a document to be issued shortly by ~oxnnetallic Materials Operation. 

Analysis using a linear relationship between uranium solution 

. tion function. Ihe analysis of the rotcaneter calibration data and’the 

Plutonium Recycle 

Statistical aaalysis of the OD data frlm the recen% fluorescent penetrant 
experiment conducted by Materials Development Qeration has been completed 
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and a memorandum report is being prepared. 
test w i l l  aid in designing an ID test using a boroscope to detect surface 
defects on the zirconium tubes. An improved method was suggested for 
estimating the total number of defects on a given tube which uses the 
measurements obtained fran two operators reading independently. 

Further analysis of data from the high energy uranium oxide impacting 
test recently conducted by Fuels Development Operation must await the 
writing of an IBM program to plot aut the confidence region of the stationary 
point previously determined by a quadratic response surface fit. A report is 
being written to describe the ccmrputer program which fits the response surface 
for nonorthogonal factor levels of the independent variables, estimates the 
stationary point of the quadratic surface, and calculates the confidence 
region for  the position of the "true" stationary point. 

The results of the current 

The ma-thematical model which describes the behavior of a proposed neutron 
flux monitor has been incorporated in an optimization program written for 
the IBM 7090 and selected experiments are being run to study this behavior 
with respect to isotopic content and combinations. 

Additional eQeriments on particle packing using precalculated particle 
sizes and size ratios have been ccmrpleted. 
been canpletely analyzed, there appears to be remarkable agreement between 
theory and practice, 

Although the results have not Yet 

Waste Disposal Developiment 

Assistance was given personnel of the Geochemical and Geophysical Research 
@eration in developing criteria which can be used to determine optimum grid 
spacing and relaxation factors in the numerical solution of partial differ- 
ential equations, These equations arose in a seepage study. 

Closed form solutions were obtained to a system of linear differential 
equations which comprise a model used to study the material balance in an 
ion exchange process. 

At the request gf the Biology Operstion, work was begun on the design of an 
eqerimen-t involving irradiation of TTibolium confusum (the confused f l o u r  
b e a l e )  and - To castaneum at l a w  levels. 

General 

Instnunentation 

Statistical analysis of data from a reference system calibration study being 
conducted 5;$ Instrient Researph and Development Operstion cmtinued this 
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mth. 
transducers in connection with the pmgrsm in-reactor creep testing of 
zircaloy . 

This system will be used to calibrate linear variable differential 

Radiation Protection 

A discussion was held vith personnel of RPO concerning the statistical 
correlatian of pencil data with film badge data. A plan was suggested 
for s a m p l i n g  a large b e  of existing f i lm badge pencil data. 

Friar to 
the groblem of screening the pencil data to remuve defective pencil data 
prior to the correlation waa also considered. 

Microscopic Cross Sections 

At the request of Reactor and Fuels Operation, an evaluation was done of 
the precision w i t h  which microscopic cross sections'can be calculated from 
appropriate namgrams. 

correlations the general approach which caild possibly be 

Dlvision of Research Prot?rams 

A l l  program sample data have been transcribed onto IBpl cards and are In 
the process of being transferred to magnetic tape master file. 
series of statistical routines has been procured from the Western Data 
Processing Center and effort is being matie to become familiar with the 
use of these routines. 
procedure for estimating total count at time zero and the half-life of 
correlated time data have been run and the results proved to be extremely 
satisfactory. 

'Ihe BIMD 

A number of test runs using the least squares 

Safeguards Design Review 

The final report for the Safeguards Design Review Project was ccanpleted 
In (Rme and will be distributed in early July. The project consisted of 
the preparation of four reports describing the nuclear materials control 
systems used in the United States in each of the four operations, research 
and test reactors, power reactors, -1 fabrication, and irradiated fuels 
processing. They were prepared for the USAEC Division of International 
Affairs for distribution to foreign members of bilateral agreements for 
peaceful uses. 
HAP0 and PhiUps  (Idaho Falls) personnel; they were edited by Operations 
Research personnel. 

'Ihe reports are the result of the joint efforts of several 

Methods Development 

NRLY,  the W o r d  version of a Los Alamos nonlinear least squares program 
(LA-2367, "Solution of the General Least Squares Problem with Specific 
Reference to High Speed Computers") has been debugged and will be ready 
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for laboratory use in the near future. 
improvement in the convergence rate over that exhibited by the Los Alamos 
ruutine and in sane cases converge where the Los Alamos ruutine fails to 
converge. 

Test cases using NELLY show marked 

l 2 5 2 1 r 3 b  

Carl A. Bennett, Manager 
Operations Research and Synthesis 
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PROGRAMMING OPERATION 
JUNE, 1961 

I. 

A. PIUTOMUM RECYCLE PROGRAM 

1. Computer Code Developnt  

The new uranium price schedule and associated use charges were 
incorporated i n  the economic codes. 
fuel costs-with a reduced number of reactor computations i s  being 
revised w i t h  the objective of achieving four place accuracy. 
accuracy is necessary only because without it, personal judgment 
must be used at successive points i n  the computation which w a u l d  
drastically reduce computation speed. 
that handles zoned reactor operation (plutonium-enriched fuel i n  
one zone and uranium-enriched i n  another) w a s  debugged. 
d . l a r s  rapid consideration of an unlimited number of zone amas so 
that Optinnlmn can be selected. 
of limited value because fo r  most practical  ranges of the data the 
plutonium enrichnt'rmethod for  minimum fuel cost i s  with concentra- 
t ion  of plutonium i n  a minirmlm number of u r d u a  rods; consequently 
the actual reactor zone is  usually established by heat transfer or 
other limits. 

The method of finding minimum 

This 

The economics code subroutine 

The routine 

However, as anticipated, this i s  

Mnal debug w a s  completed of the physics and economics code coupling 
so that fuel costs can be computed f o r  any combination of f issi le 
and f e r t i l e  materials involving U-233, U-235, or plutonium enrich- 
ment of U-238 and/or thorium-232. 

Concurrently, a substantial hprovemect i n  the physics code i s  
essentially completed. 
neutron flux spectrum and associated nuclesr cross sections, which 
adds more r e a l i s m  t o  the rapid methods used and extends their  
credibi l i ty . to  a w i d e r  range of reactor l a t t i ce s .  This improvement 
i s  achieved by self-shielding the thermal. as w e l l  as epithermal 
components of the Westcott cross section when computing the neutron 
spectrum index, "r". T h i s  feature i s  particularly important when 
considerable amounts of D.1-239 and Pu-241 are invalved with 
moderator .temperatQres above 230 C, as sane portion of the  resonances 
overlap the thermal spectrum. Ratios of the resulting cross sections 
w i l l  be taken t o  evaluate the resulting mclear  reaction rates and 
t o  indicate appropriate nodifications. 

The improvement involves the approximated 
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2. Phoenix Fuel 

Additional ccrmputations are 'being made on Phoenix Fuels with the 
present burnup models, although ti@ l a t t i c e s  cannot be analyzed 
with certainty un t i l  more advanced models are available. 
t ions Wi th  the present model conflnn the previously computed results 
but use of a broad span of reactor l a t t i c e s  is indicated t o  provide 
Phoenix action for different plutonium isotopic coslpositiops. This 
sterne froan the f a c t ' t h a t  self-shielding, as incorporated in tk 
modal wed, tends t o  stabilize the reactor crpss section of each 
plutonium isotope and, hence, variations i n  isotopic compositions 
are difficult t o  accwmodate by minor adjustments in reactor l a t t i ce s .  
On thle other hand, it appears that by using burnable poisons with 
weapons type plutonium, Phaedx  action may be achieved as the=able 
poison holds dawn the react ivi ty  u n t i l  sufficient PU-240 grows in. 
The growth of Pu-240 can be increased by elevating the moderator 
temperature end by reducing the amount of moderator (i .e., approach 
epitheraal) . 

Coxuputa- 

3. Plutonium Recycle 

!Che aualysis of s-e plutonium recycle (the plutonium enrichment 
of a reactor is l l m i t e d t o  the plutoniumthat the reactor produces) 
is being done on a wide range of reactor and economic variables f o r  
"near eq l l ib r ium plutonium isotopic composition" and a t  specific 
points wherein the actual approach t o  near eqailibrlum is  examined 
in detail .  
necessarily different in order t o  reduce computer costs t o  a 
reasonable figure. 
against each other so that c a p a t i b l e  n u s  can be made. 

The ccrmputer codes t o  accw@ish this study are 

Conseqently, the codes a m  being calibrated 

4. Salt  Cycle Reprocessing Economics 

Fabrication of mixed-oxide (Pu%-UQ) fuels w i U  be substantially 
more costly than U% fuels because of the s p e c i d  requiremnts f o r  
handling p l u t o ~ u m .  This cost increment, which mv be as high as 
$6O/lb Azel, inrposes a Qevere penalty on the use of recycled plutonium 
for fuel enrichment. One mthod of minimizing this penalty is t o  
reduce the amount of mixed-&de fuel by zoning a reactor ( o r  fuel 
assembly), With part  of the fuel made up of depleted uranium enriched 
with plutonium and the balance being enriched uranium-only fuel. 

The i n i t i a l  evaluations of salt cycle reprocessing indicated 
substantial cost penalties relative t o  conventional reprocessing 
because of a substantially larger proportion of mixed-oxide fuel 
produced. 
and a new concept was developed t o  min3mize the bed -ox ide  fuel 
produced; 
from the uranium-only zone taking on ly  a by-product (UO$ deposition 

Consequently the flowsheet possibi l i t ies  were reviewed 

The new concept provides for  multiple salt cycle charges 

UNCLASSIFIED 
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followed by a mixed-oxide charge and a product (Pu@-U@) deposition. 
Substitution of fresh depleted uranium for  a portion of the uranium 
from the spent fuel i s  also provided for  when economical. 
t ion of mixed-dde fuel comparable with conventional reprocessing 
i s  thus obtained. 

A propor- 

!The flowsheet concept has been expressed mathematically i n  terms of 
Are1 composition for  opthum mixed-oxide production i n  preparation 
for  economic evaluation by a computer program. 

B.  SPECIFIC mTEL C Y C U  ANALYSIS 

1. Combined Fbel Cycles 

Computer codes MELEWER, PROTEUS, WICK, and MINIMIZER have been used 
for  an o v e r - d  evaluation of five enrichment materials (three 
plutonium isotopic compositions, U-233, and U-235) i n  two alternative 
f e r t i l e  materials (U-238 and thorium) of various densities and w i t h  
various l a t t i ce  spacings. In a l l ,  appraximately two thousand basic 
MELEAGm cases have been computed from which about 10,000 actual 
cases are derived by PROTEUS and evaluated by cost codes WICK and 
MINIMIZATION. 
preliminary evaluation indicates that  

(a) 

While f ina l  analysis of these data w i l l  take some time, 

U-233 can l ike ly  best be applied t o  enrich u-238 t o  take 
advantage of the fast effect;  

(b) U-235 enrichment of t,he Th-232 yields very long reactor 
l i f e  .times, 50-100,000 MWD/Ton, but not at high specific powers; 

( c )  Many plutonium compositions wil l  duplicate U-235's performance 
i n  Th-232, but some will not; however, plutonium-thorium is 
not as limited i n  specific parer as is  U-235-thorium. 

(d) With reduced fe r t i l e  fuel densities (u-238 or Th-232) 
plutonium enrichment i s  less c r i t i ca l  t o  composition (pu-240 
can be ut i l ized more efficiently).  

Fuel cycles using Th-232 as a solid fuel  have specific power limita- 
tions due t o  the fac t  that U-233 grows i n  from protactinium-233 
(Pa-233), which is  formed from the Th-232 by neutron absorption. 
The absorption cross section of Pa-233 i s  approximately 50 barns and 
i ts  half l i f e  i s  27 days. 
out and U-233 formation is curtailed. 
following table relating specific power and exposure f o r  a U-233 
fueled pressurized water reactor 

Thus, at high specific powers, it burns 
T h i s  i s  i l lustrated i n  the 

1 2 5 2 4 3 4  
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SPECIFIC POWER AND IWEL MPOSTURE FOR A THORIUM FEFZL'IIIE SB!CEM 

Specific Power Computed F t e l  
m/Ton of -0- 

Thorium MWD/Tm 

5 
10 
15 
20 
30 
40 
60 

Currently, reactor designs are balanced with fuel specific powers 
of 10-15 W/Ton fert i le w h e r e  t ho r lum is canpetizive with uranium 
fert i le systems. 
f e r t i l e  system i's at a disadvantage. 
specific power of reactors may be far off timewise, doubling the 
specific power of the fuel i s  not, as reduced dexmity fuels f o r  
superheater plates, etc. ,  are under consideratim. 
rigorous, Pu-239 is formed by decay of mp-239 which has a three-day 
half Ufe, but similar cclmputations fo r  U-238 show no significant 
decrease in exposure below a 100 MW/Ton specific power.) 
limitation of specific power fo r  tmrium reactors daes not necessarily 
apply t o  non-rigid fuel reactors if the protactinium-233 can be 
arranged t o  decay i n  reduced neutron fluxes and, as a consequence, 
blankets are used i n  many thorium breeder proposals. 

If the specific fuel power i s  doubled, the thorium 
While doubling the volumetric 

(To be technically 

This 

Plutonium-enriched rigid thorium fuels will enjoy an advantage i n  
higher specific power areas because of plutonium's higher fission 
cross section which w l l l  lead t o  the same specific power a t  nearly 
one-half the neutron flux. Exadcation of the data f o r  plutonium 
e n r l c b n t  of +,horium, i.e., 1/3, 2/3 slld 4/3 of theoretical density 
cbnflnns this prognosis. The effect  13 so pronounced that careful 
=-runs are under way t o  U y  substantiate the data. 

The ARJR analysis was extended further t o  elI;brace reactors of the 
pressurized water type described in a general way with an ef for t  
roughly t o  encompass the APWR design. -- each differing by rod spacing, effective reutron temperature, 
and fuel density. So far, the plutcnium values derived i n  these 
AEWR types are hiqher than in other machhes inves5igated f o r  
comparable econcanic condltions j hence, scme addi%ional perturbations 
arq being made to establish the reasons involved. 
plutonium values i n  t h E  APWRtzes are as high as 125 percent of 
the price of Wy-enr iched  uranium, rather than apFroxin;ately 85 
percent, as in the graphite superheat, D@ inoderate<, and some other 
PWR cases analyzed t o  date-. It amears that the APWR spectra are 
favorable fo r  Phoenix fuel ac*ion, and re lat ively low plctsnium- 
enriched react ivi ty  l i f e  tines are observed. 

Several reactors are studied 

In some instances, 

LTJCLASSIFIED 
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The uncertainty of the reactor constants and physics variables upon 
computed plutonium values i n  the APWR w a s  emphasized i n  a paper 
describing some results presented at the Pittsburgh ANS meeting i n  
June. This work was with fully-minimized fuel costs for successive 
plutonium recycle t o  eliminate reactor design bias, such as control 
rod limitations. Data shown in the accnmpSnying table relate 
plutonium value and variations i n  eta, (the neutron reproduction 
coefficient) for  Pu-239 and Rt-241, and, &so, variations i n  the 
t o t a l  cross section for Pu-239 and Pu-241. 

FERCEIlT CHANGE I N  FISSILE PLUTONIUM VAIXJES WITH VARIA!l!ION 
OF EZCA AND ~ O R p T I O I i  CROSS SECTION 

Case Aeta$ Aeta$ ~ f i $  ~ f i $  APu eta-1 
Number Pu-239 Fu-241 Pu-239 Pu-241 Value $ - eta-1 i n  $ 

1 - 18 - 18 0 0 -22.6 0.57 -37 
2 - 9  - 9  0 0 -12.8 0.74 -19 
3(b-e) 0 0 0 0 0.0 0.91 0 
4 + 9  + 9  0 0 +13.4 1.08 + 19 
5 +18 +18 0 0 +23.1 1.26 + 30 

0 0 -18 -18 - 9.2 -- 0 
0 0 0 0.0 -- 0 

0 

6 
3(base) 0 
7 0 0 +18. +18 + 5-9 

8 +18 +18 -18 -10 +2l.O 1.26 +38 
5 +18 +18 0 0 +23.0 1.26 +38 
9 +18 +la +18 +18 +24.4 1.26 +38 

-- 

Note that an increase In eta by nine percent, as shown in Case 4, 
increases the value of plutonium by 13.4 percent; and a decrease 
of nine percent, as shown in Case 3, decreases the value by 12.8 
percent. 
w a s  not the case i n  previously reported examples wherein a control 
rod l i m i t  w a s  imposed. 
value are less than changes in eta-1; but, on the other hand, are 
greater than changes i n  eta.  
that changes i n  cross section will influence the value of f issi le 
isotopes (cases 6, 7, 8, and 9). 

These results appear to check one's intuition, which 

It should be noted that the changes i n  

Data from the table also indicate 

UNCLASSIFIED 
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11. 

1. Power Cost for  Mercury-204 Isotope Separation 

since about two years ago when interest i n  the ~g-204 isotope as a 
specialty reactor coolant w a s  under consideration among AEC contractors, 
i n  addition t o  HAPO, a figure of $30 per pound of mercury isotope as 
the p m r  cost f o r  the operation of the photochemical excitation process 
of isotoge separation waa  fairly generally accepted and referred t o  In 
discussions on the subject (except at W o r d ) .  
this figure was alw regarded as questionable in,view of r ea l i s t i c  
figures on electr ic  energy conversion t o  the 2537 A l i ne  i n  the mercury 
spectrum and subsequent high photon yields in producing activated atcans 
when mercury vapor w a s  irrsdiated at this wave length. 
were then obtained and acknuuledged by the originators t o  be "very crude." 
Up u n t i l  recentlythese figures were not c r i t i ca l ly  analyzed. 
the recent AEC request t o  propose uses for a-204 and t o  estimate the 
coet of producing this isotope, the calculations have h e n  reviewed and 
it is concluded that an error  in the conversion factor for  kilogram 
calories t o  e lec t r ica l  energy resulted I n  the $30 figure and that this 
figure i s  high by a factor of exactly one thousand. 
cost with the correct conversion factor is  about three cents per pound 
of the mercury isotope rather than $30. 
unique among all isotope separations processes in that power cost can 
be essentially neglected as a factor in the expose of producing mercury 
isotopes. Also, the raw material cost f o r  the mrcury from which the 
Isotope is recovered should be relatively insignificant since, except 
for  same highly specialized and l o w  tonnage uses, the change in Isotopic 
composition should have no effect  on the value or use of mercury which 
is par t ia l ly  or  t o t a l ly  degleted in any of i t s  isotopes. The production 
cost then c-8 d h  t o  those cost factors which are highly dependent 
on the q y n t i t y  of aunual production, namely manpower and investment 
charges. 
these factors are the least possible t o  estinate with assurance. 
data which could establish a basis for a more r ea l i s t i c  estimate of 
costs could be obtahed in abouC, four xcan-months of effort in the 
existing laboratory f a c i l i t i e s .  

A t  the W o r d  Laboratories 

The calculations 

With 

Therefore, the power 

This process is then extremely 

Because of eactmrnely limited kcowledge G n  production technology, 
Usef'ul 

2. Hazards Analysis: shipmellt of ~ c n u c l i d e s  

!Rx? evaluation w a s  completed of accidental releases of Cs-137 or Sr-90 
during shipment of large quaatities of these materials. 
of the evaluation were reported in EN-69561 =I, "!RE Consequences of 
Accidental Releases During Shipmmts of Radioactive Cesium and Strontium, I' 

by E. C. Watson, R. L. Junkins, J. J. &quay, -and L. -L. Zahn, and 
presented oral ly  t o  the a s k  Evaluations Sljb-couccil of the GE Technological 
Hazards Colmcil. 
their meeting i n  New York on h i e  14 and 15. 
Council are not y e t  available. 

The results 

The shipment problem were zeviewed with the Council a t  
The recommendations of *he 

UNCLASSIFIED 
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3.  Miscellaneous 

F-7 

M r .  R. L. Junkins addressed the  Smmr Inst i tute  of Radiation Biology 
at the University of Washington on t h e  subject of "Dose Units and 
Measurements," on June 29. 

W o r d  Laboratories off-si te v i s i to rs  total led 248 during the month. 
Of this total ,  155 vis i tors  were included in four scheduled tours. 
There was a tot& of 26 foreign vis i tors ,  representing nine different 
countries. 

Manager, 
Programming 

WK Woods : jm 

UNCLASSIFIED 
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RADIATION PROTECTION OPFJlATtON 
REPORT FOR-THE MONTB OF JumE, 1961 

A. ORGANIZATION AID PEIGSONNEL 

Employees resigning f r o m  the General Electric Company during the month included 
Raymond F. Massey on June 2, l&x W. McConiga on June 15,  and Wilfred R. Vedder 
on June 23. 
were Harold N. Eauser on June 6 and Calvin E. Gentle on June 15. 
was reactivated on June 26. Li l l ian  J. Whitney transferred into the Radiation 
Protection Operation on June 26, replacing Jan M. Bullinger who was placed on an 
educational leave of absence on June 30. Alfred W. Medcalf (Technical Graduate) 
began a three-month rotation w i t h  the Radiological Developnent and Calibrations 
Operation on June 16. The work force now to ta l s  139: 

’ 

Joining the Radiation Protection Operation as summer employees 
I Myrtle S. Ghent 

40 exempt and 99 nonexempt. 

B. A C m  

There were no cases of plutonium deposition confirmed during the month; thus, the 
to t a l  on record remains at  267, with 194 employees on the active rolls. 

A Purex process operator, who incurred a minor hand injury involving plutonium 
contamination, was e-ned i n  tbe Whole Body Counter. 
8.4 x 10-3 pc plutonium before excision and 3.0 x 10-3 pc after medical treatment 
A measurement of the excised t issue i n  the Whole Body Counter indicated 7.8 x 10-9 
~ l c  of plutonium, which was i n  good agreement w i t h  the radiochemical analysis which 
showed 7.1 x 10-3 pc of plutonium. 

Examination showed 

The m o r  fraction of the analyzer t i m e  w&s consumed durirg June by transferring 
1961 Whole Body Counter data from d ig i t a l  print  t o  EDPM coded punch tapes. 

Drainage liquids from the IRP loop i n  242-B Building, 200-E Area, autoclave 
valves overflowed a drain funnel and ran onto the floor.  
nated t o  17 rads/hour, including 2 r/hour and the floor t o  16 rads/hour, includ- 
ing 1 ??/hour. A 
19-hour air sample indicated the cubicle a i r  concentration was on the order of 
10-7 pc/cc. 

A minor particulate contamination spread went northward across 7th Street  from 
A Courtyard caused by a pwnp change at  the Hot Semiworks Faci l i ty  on June 7, 1961. 
Frequent changes of the air samples enabled the tFme of the release t o  be cor- 
related wlth the progress of the work. The release occurred when the pump was 
placed, w i t h  difficulty,  into the decontamination tank. 
and vehicle contamination followed because of poor step-off pad procedures and the 
spread of particles. 
then with excellent contamination ccmtrol, 

The funnel was contami- 

The drain valve could have been closed causing the overflow. 

Operations were notifled and decontamination a s  ini t ia ted.  

Personal clothing, skin, 

Similar pump changes have been done In A Courtyard since 

Contamination of 8 rads/hour wa6 detected on the glove of  an employee working wi th  
cerium-strontium i n  a laboratory of  the 325 BuildFng. 
and minor skin contamination removed from the employeels hand. 
f i l t e r  indicated air-borne contamination i n  the room of 6,8 x 

The glove w a s  peeled off  
The air  sample 

pc Fp/cc. 
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Release of radioactive materials from the stacks of the Hot Semiworks was com- 
paratively low durlng the ent i re  month. 
t o  the instal la t ion of new fi l ters f o r  the process stack and t o  a shutdown of 
operations for maintenance, decontsmination, and product sampUng. 

The imprwed condition can be attr ibuted 

Seven aerial f l igh ts  were prede Over the project area and the southeastern part of 
the s t a t e  of Washington m a part of the routine surveillance program. No unusual 

V F I ~  noted. 

Considerable difficulty was encountered w i t h  the continuous water samplers located 
a t  Fasco and the Automatic Columbia River Monitoring Station due t o  m u d  and s i l t  
which fmquently clogged the equipment and halted sampling. 
minipumps and minor adjw-nt of piping should alleviate this problem which was 
associated with the flood stage of the river. 

Replacement of the 

A t o t a l  of 61 fish, c nprising 8 species, princigally whitefish and suckers, were 
collected f r o m  m e s t  Rapids, Hsnford, Ringold, and Burb.uk. Eighty-four t issue 
sangles fkom these f l sh  are being analyzed for selected radionuclides. 

F b a l  deta i l s  of the creel  cenaus were completed Kith the Washington S ta t e  Game 
Department d tb first recorda obtained ircar flsherncn were received the l a t t e r  
psrt of the month. 

Evaluation of possible consequences of accidental releases of C s l J I ,  Sr9', and 
SrWC03 f m n  casks during shipnent were completed. 
f o r  presentation t o  the G.E. Technological Hazards Council and were issued as 
document HW-69561 RFV. 

The evaluations were prepared 

Recently an audit was made of the nwnber of film badges that were used by each 
routinely w e d  employee at HAPO. The audit was conducted over a three-month 
period during the first quarter of t h i s  year and showed that there were a total 
of 1 3  employees who wore 6 or more badges during t h i s  period. 
included government a d  construction workers. Under normal circumstances, each 
employee would have mrn 3 bsdges dtrring the period since the only obvious 
reasons for addi t ional  w e s  are when an employee forgets or loses his f i l m  
badge. This information was transmitted in letters t o  all Level IV Managers 
w i t h  a list of those employees i n  their component who had used 6 or  mre badges 
during the audit period. 
ing. 

These to t s l s  

The response t o  these l e t t e r s  has been very gratiw- 

An autamatic beta radiation calibration j i g  has been designed for  providing 
precise and automatic timing for the exposure of personnel dosimeters during 
beta calibrations. Two calibration units having a capacity of twelve dosimeters 
each will be fabrlcated by Technical Shops. 
flex timers having five t o  s i x t y  hour capacities. These calibration units w i l l  
assure precise beta radiation exposures t o  callbration film without requiring 
detailed attention by the c u b r a t o r .  

Timing K i l l  be prwided by two micro- 

The radiation encountered at  the PCTR f a c i l i t y  has been studied with the use of 
both the current personnel dosimeter and the new personnel dosimeters. The 

http://Burb.uk


analysis has indicated that there was no beta or low energy ganrma present during 
the time of this study. 
were created from gamma protons hadng an energy between 80 and 100 Kev. S t U e s  
indicate that t h i s  energy region is entirely consistent with PCTR operations and 
is probably created by the decay of copper-67 w h i c h  decays with gamma rays i n  the 
energy range' of 90 Kev. 
at this particuler work location have been highly satisfactory. 

On June 22, 1961, the steel metered tape on the south source w e l l  i n  the Calibra- 
tions Building broke causing the 1/2 gram radAum source and i ts  holder t p  fall t o  
the bottom of the well. 
personnel. Radiation Monitoring personnel were notified and a i r  samples were 
taken from the bottom of the well t o  check f o r  a possible =dim source leak. 
None was found. A new s t ee l  metered tape was carefully instal led i n  the well 
and the radim source was checked f o r  leakage. 
the replacement of the s t ee l  tapes i n  both wells w i l l  be placed on a routine 
schedule. 
above the w e l l  t o  detect aqy possible source rupture. 
was performed with the recently calibrated Victoreen r-meters. A significant 
variation wss found between the previous calibration. 
positioning system has been installed on the north source well. This system 
provides a heavier duty motor for positioning the r a d i u m  source i n  the well. 
performance of this system is  satisfactory, a duplicate system w i l l  be added t o  
the south w e l l  t o  provide complete mechanical operation of both w e l l s .  

primary densities observed on the personnel dosimeters 

The dosimetry c a p b i l l t i e s  of the new personnel dosimeter 

* 

' Emergency procedures were followed by all calibration 

To avoid subsequent occurrences 

!I!he source was reinstalled and extended air samples were taken i n  and 
Recalibration of the well 

A new electr ical  source 

If 

Biology personnel were assisted i n  the use and interpretation of results obtained 
with the microdensitometer. 
the microdensitometer will be used on a frequent basis. 
t i o n s  t o  the densitometer and t r a i n i n g  of personnel for the use of this equipment 
have been completed. 

The biology program has advanced t o  a stage where 
A l l  necessary modifica- 

Twenty scope prints and the design c r i t e r i a  document for  the Fuel Recycle P i lo t  
Plant were commented on during the month. 
document w i l l  be published by the design group during the month of July. 
general, the requirements for  radiological design as proposed by the RDCO docu- 
ment, HW-68954 REV 1, have been accepted. 

The final revised design c r i t e r i a  
I n  

n u. 

David Montgomery f rm the University of California studied methods and policies 
f o r  handling plutonium at  HAP0 011 June 1. 

A discussion of radiation monitoring practices was presented t o  Sid Furmas and 
Larry S u l l i v a n ,  representatives from Vallecitos Radiomet Laboratory, on June 2.  

Waiter H. Poppe, Jr., W i l l i a m  L. Wilson and D r .  Eartell  from the Boeing Airplane 
Company discussed f ie ld  monitoring techniques and internal dosimetry programs on 
June 7. 

James R. Watts and J. S. Stutheit, E.I. duPont de Nemours & Company, were counted 
i n  the Whole Body Counter on June 8 and oluce 21, respectively. 



Henri Boisson and Vincent Coutrot of the mnch Atcmric Energy Commission dis- 
cussed radiatLon protection policies and practices on June 8 and 9. 

Mscussing details of fish and waterfowl census on June 1.3 were Robert Rennie, 
Mitch K e r s h a w  and hank White of the State of Washington Deprtment of Game. 

H u g h  Sch-cher sl?d Peter Tempus of the Swiss Atomic Energy Cammission dis -  
cussed radiation protection practices and pollcies on June 8 and 9. 

Lt.  Col. C. E. Newton of W a l t e r  Reed Hospital discussed a e o n  protection 
pollcies and practices on June 19. 

Dr. Henry L. Gjomp of the Danish Atomic Energy CasPaission discussed radiation 
protection pollcles and practices on June 20. 

M I ! I C U ~ I B ~ I ~ ~  accidental release of i i s s l o n  products from sepsrstitw plants and dur- 
ing sh lpent  were C l i f f o r d  Beck and Joseph M Nunno, AEC Mvision o f  Licensing 
and Regulation, on June W .  

W. W. T o m  and D. E. Bushlng, U.S. Public H e a l t h  Senrice, discussed techniques 
of BBDIpullg and analyses on June 21. 

M8cussi;ag rkiatlcm protection mtters on June 22 and 23 were G. A. &&an, 
V. E. Penton, D. L. Duncan, E. C. Singh, and L. M. lbxwell, all fran the Univer- 
sity of Idaho. 

Arnold Joseph of the AEC Mvision of Reactor Development discussed Hanford waste 
disposal problems an June 23. 

StLueting their summer trsinlng session a t  Hanford on June 19 were David A .  Corey, 
Dale H. De-, Funn M. Duncan, Jr., W i l l i a m  E. Bsddican, Robert L. K e l l y ,  
James E. Mecca, I Helnz G. W i l m s ,  Charles E. ITorelius, Keith G. Failthorp, and 
Allen E. Raymond, AM: Radiologlcal Physic s Fellowship students. 

Attendlng the Health Raysics Society meeting in IBS Vegas, Nevada, June 1 2  through 
June 16 were A. R. eerie, C. M. TJnruh, F. Swanberg, Jr., T. C. Mebas, F. L. Rising, 
and L. C. Rouse. 

R. F. Foster pwticipated in a meeting of the National Academy of Sciences - National 
Research Council BEAR Consnit*ee on oceanography and fisheries held a t  Woods Hole, 
Massachusetts, July 1 and 2. 

D. EbPLOYIZE REL49ZOIps 

Six suggestions were submitted by personnel of the Radiatlon Protection Operation 
duriag the month, bringing the year-to-date t o t a l  t o  twentpeight. 
ma adopted and eight rejected. 
are pending evaluation. 

One suggestion 
Thirteen suggestions submitted by R€Q personnel 
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There were no medical treatment injuries during the month. 
t ion occurred during June. 

One security viola- 

Radiation Protection training included: 
Fellowship students here for  summer training; orientation on specific aspects 
of radiation protection t o  janitors,  patrolmen, Biology Research personnel, 
Anslytical Laboratories Operation.personne1, Radiometallurgy personnel, college 
professors, high schoolteachers, and new employees. 

Tours for  the U C  Radiological Physics . 

E. SIGIIIFICANT HEPORTS 

HW-68435 - ''Evaluation of Radiological Conditions i n  the Vicinity of Hanford f o r  

EW-68954 REV 1 - "Radiological Design Criteria for  the Fuel Recycle Pilot  Plant" 

1960" by Environmental Studies and Evaluation Staff. 

by L. G. Faust and C .  M. Unruh. 

HW-69561 REV - "The Consequences of Accidental Release During Shipments of Radio- 
active Cesium and Strontium" by E. C. Watson, R. L. Junkins, J. J. Fuquay, 
a d  L e  L. zshn. 

HW-70170 - 9Ionthly Report - June 1961, Radiation Monitoring Operation" by 
A. J,  Stevens. 

Papers presented a t  the Health Physics Society meeting i n  Las Vegaswereas follows: 

"QQuantitative Measurements of Some Gamma-Ray Emi+,ting Radionuclides 
i n  Nuclear Industrial Workers by Whole Body Counting Techniques" by 
F. Swanberg, Jr. 

"Radiological Development within the Hanford Radiation Protection 
Program" by C. M. Unruh. 

' m r i e n c e  with an Ionization Chsmber Pulse Reader at  Hanford" and 
'k Porkable Dose Rate Instrument for  Measurement of N a t u r a l  Back- 
ground M a t i o n  Levels" by F. L. Rising. 

~ %dialogical Protective Appre l  Program at Hanf'ord" and "Columbia 
River Continuous Monitoring System" by T. C. Mehas. 
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Exposure Incidents above Permissible Limits 

&ne 
1961 to Date 

Whole Bods Localized 
0 0 
3 5 

Gammer Pmcil.8 
Pencils Psired Rcadines Paired Beadinas b a t  

Zune 

- - 
Rocesrred 100-280 lm Over 280 mr 
4,430 47 2 

ResdinKs 
0 

1961 to Date 27,272 327 17 0 

Eeta-Gamna Fi lm Badges 
Badgts B a g s  BPnd4nas B a g s  Lost A m a g e  Dose 
Processed 1OO-WO mrsda 3OO-sOO mads O v e r  500 mrzLds ReadinRs Per Film Packet 

J u e  10,180 892 117 17 24 Y w $ +  
i961 t o  
Date 60,379 5 , 6 u  634 135 176 9.08 u . 0 8  

Neul;ron Film Badges 
Film Readings b a t  

Fast Xeutron 
Jcze 377 15 23 

95 
0 3 
0 33 

WxLe Body Counter 
June 1961 t o  Date - Female Male - 

18 1 
3 0 
1 0 

19 
3 
1 

-2 
43 
2 

4 0 4 28 
0 - 0 - 

26 1 
Sioessay 

Cozfirmed Plutonium Deposition Cases +F 
?l.rrtanfum: Snmpies Assaged 346 

Besults above 2.2 x loo8 uc 
Pu/sample 8 

0 - 
365 

v 
3,289 

83 
375 3,646 

Fp/sarcple 0 3 
296 1,690 

F.tss2or: Product: Samples Assayed 

Z m 2 m :  Samples Assayed 
*-e to*& number of plutonirtm depcsition Cases which have occ-med at Hmford 
rp?.p_iL?5 267, of which 194 a r ~  mr=enfly employed 03 plant. 

Results above 3.1 x pc 

T X L 4 S S D m  - 
1757!1!1$ L C' - 
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7 MONITQRIIG - RESUL5S - (Mid-May 1961 - MidJune 1961) 

Activity Monthly 
Sample Type and; Location Type &??BE 

Drinking Water 

t 100-F Area Isotopic 0 e 2  

pasco Isotopic 2.3 
- Kennewick Isotopic 1.6 

Richland Gross Beta < 3.0 x 

Separation Areas Gross Beta 9.3 x 10-8 

units - 

Columbia River Water 

Above 100-B Area Gross Beta < 3.0 x 10-e4mc W / C C  
100-F Area I sot opi c 0.9 4 MP+GI* 
Hanford Isotopic 0 e 7  4 %-GI* 
Pasco Isotopic 6.6 Q MpcW-GIM 
W a r y  Dam Gross Beta IT0 Sample 
Vancower, Washington Isotopic 0.5 Q MK+GI* 

1131 separations b a s  I= 
Seperatione Stacks 1131 

Active particles - Project -- 
Active Particles - Environs -0 

Vemtation (control limit for vegetation is 10-5 pc 1l3~/g) 

Separations Areas 
Residential 

3.0 x lom6 
< 1.5 x loo6 

*  he $ MPC, is the percent of the maximum permissible limit for occuyational 
exposure to the gastrointestinal tract calculated from drinking water limits 
contained in IOBS Hsndbook 69. 

* The $ WC&I is the percent of the maximum permissible concentrations for 
persons in the neighborhood of controlled areas for continuous exposure to 
the gastrointestinal tract calculated from drinking water limits contained 
in IlBS Handbook 69. 

ww This.location is now sampled quarterly. The most recent result is tabled. 



'.?ffiiu?n Analyses 

Ssmple Description 

. Xke3.s Preparation 
?hela Preparation* 
Hanford Laboratories 

. iZsnfmd Lsboratories* 
Ckemkal Processing - Chemical Processin@ 
Special hcidenta 
F.3!2ClOZll 

Following Exposure FollowLng Period of No Exposure 
'Jnits of 16-9 ;c U/cc UnieYs of 10-9 uc U/cc 

Number Number 
Maximum Averaae Ssnrples Maximum Average Samples 

77 
0 

27 
0 

37 
0 
10 
4 

20.3 2.9 n 
0 0 0 

10 .? 3.0 32 
0 0 0 

12.4 3.8 -38 
0 0 0 
0 0 0 
0 0 0 

)CSsspPes taken prior t o  and after a specific joS during work week. 

Total 

June 
0 
- 1961 t o  Date 

0 
0 0 

6:,'.35 2 ~ ~ 0 ~ 7 6  
93,746 ?23,812 

27 
37 
6 

1u 
288 
33 

Number of U a i t s  CaliSrated 
-. J u e  1961 t o  Date 

2,253 
U,WO 
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LABORATORY AUXILIARIES OPERATION 
MoN!J!€lLY mom - JUNE, 1961 

GENERAL 

There were no security violations charged to the Operation. 

HW-70165 

There were no major Injuries; the minor in,jury frequency rate  was 2.15 
for the month and 2.88 fo r  the year-to-date. 

TECHNICAL SHOPS OPERATION 

Total productive time for th?period w a s  20,333 hours. 
14,446 hours performed i n  the Technical Shops, 4,374 hours assigned to 
Minor Construction, 122 hours assigned t o  other project shops and 1,391 
hours assigned to off-site vendors. 
of  which 60$ is required i n  the current mnth with the remainder dis-  
tributed over a three-month period. 

This includes 

Total shop backlog is  19,309 hours, 

Distribution of time was as follows: 
Man-hours $ o f  To ta l  

Fuels Preparation Department 3,254 16.0 
Irradiation Processing Department 1,699 8.3 
Chemical Processing Department 579 2.9 
Hanford Laboratories Operation 14,787 72-7 
Construction Engineering & Uti l i t i es  1 4  .1 

Requests for emergency service remained at  a high level, requiring an 
overtime rate of 8.7$. 
in  HLX) and the Engineering Operation in FPD accounted f o r  the majority of 
the overtime. 

Work in connection with the PRFR and Ceramic Fuels 

There were s i x  medical treatment injuries,  which is considered normal for 
t h i s  type of operation. 

CONSTRUCTION OPERATION 

There were 61 existing J. A.  Jones Company orders at the beginning o f  the 
month wi th  a to t a l  unexpended balance of $123,933. 
three new orders, 7 supplements and adjustments for  underruns amounted t o  
$i32,914. 
J. A. Jones backlog at mnth ' s  end w a s  $123,024. 

One hundred and twenty 

T o t a l  Expenditures during the mnth on HLO work were $133,823. 

UNCLASSIFIED 
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RL (=Em 
Uneqended mexgended - No. Balance no. - Balance 

Orders outstanding beginning of mo. 60 $ 122,353 1 $ 1,580 
Issued during the mo.(bc.Sup.8sAdj.) 123 16,738 1 26,176 
J. A. Jones E 4 e n d i t u r c s  during mo. 

(bC. COO. COSt6) 121,555 12,268 

O r d e r s  closed during month 103 161,177 
1 15,488 - 
0 -- Balance at mnth's end % 107,536 

ProJect Activity 

A t  mnth's end Fac i l i t i es  Engineering Operation was representing the 
Compeuy on 16 pmjccts havirrg total authorized runds in the amunt of 
$2,373,000. 
Expenditures on these projects thmugh May 3, were $1,387,000. 

The total  estimated cost of these projects is $8,453,000. 

Tho follovlng stzmnarizes the status of FB3 pmjec t  actlvlty: 

Number o f  authorized prodects at  mnth's end 

Bumber of new pro3ecto authorized in m e :  
CGH-935 - Metals storage Building 
CGH-93  - Safety 3qrovemente - 231-2 Building 

Pmjecta completed in m e :  
CGH-834 - Modifications Bo Additions t0 H i g h  PreSSUre 

Heat Transfer Apparatus - 189-D Building 

New project gmpoeala submitted to AEC in me: 
CGH-9l8 - Second Whole Body Counter Faci l i ty  
WE-922 - Burst Test Faci l i ty  for Irradiated Z r  Tubes 
CGH-935 - Met& S - r ~ g e  Building 
CGH-936 - Coowt Systems Development L d b o r a t ~ r y  
CGH-93'7 - Safety Impmvcmcnts - 23-2 Building 

New projects awsiting AEC qrpzoval: 
CGH-918 - Second Whole Body Counter Faci l i ty  
CAH-917 - Field Service Center 
CGH-922 - Burst Test Faci l i ty  f o r  Irradiated Zr Tubes 
CAB-932 - 300 Area Retention Waste Systems Expansion 
CGH-936 - Coolent Systems Development Laboratory 

16 

2 

1 

5 

5 
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Project praposals complete o r  nearing completion are as follows: 
Modifications t o  the H-1 b o p  - 105-H Building 
H-2 Basic Film end Corrosion Loop - 105-H Building 

Pro j ec t  CGH-834, Modifications and Additions t o  High Pressure Heat 
Transfer Apparatus - 189-D Building, w a s  completed June 29, 1961. 
The purpose of this project wa8 to mdif'y the thermal hydraulics 
tes t ing f ac i l i t y  i n  the 189-~  Buildkg f o r  the conduct of steady 
state and transient type experiments with NPR type elements under 
simulated operating condLtions. The steady state phase of the 
project was completed March 22, 1.960 and has been i n  operation since 
then. Pmject  f'unds of $7OO,OOO were originally requested and 
authorized by Directive dated April 8, 1959. This authorization 
w a s  fo r  a pr ior i ty  job on a design and construct basis ut i l iz ing 
J. A. Jones Conrpany. Completion was scheduled for  August 15, 1960. 
Directive Modification No. 2 dated April 27, 1961, authorized 
$745,000 and established the completion d a t e  as July 1, 1961, 
i n  completion of the transient phase were due to procurement delays, 

Delays 

particularly a high speed valve 

Engineering Services 

Ti t le  - 
Preseure Vessel and Piping Systems 
Engineering & Inspection Service 

"Split-Half" Machine f o r  Cr i t ica l  
Mess Studies 

Control and Safety Rd.s f o r  Tamper 
Tank (Crit ical  M a s s )  

Electr ical  Modifications - 3702 
Building 

Special F i l t e r  Chaager - CWS 

Materia3 Sandling System and Other 
Shop Improvements - 328 Buildfng 

a) Material Handling System 
b),  Coating Process Improvements 
2) Chuck Zandling Procedure 

as sembly . 

Code engineering service work is being 
performed on PKllR Systems, Breakaway 
Corrosion Loop, and Equipment Projects 

Mechanical desi@ of' machine is 
essentially complete. Electr ical  design 
is pmgressing. Components have been 
purchased and are being assembled. 
special instrumentation fo r  remte  control 
i s  designed. 

The 

Development work is  being performed pr ior  
to completion of design. 

Field work i s  delayed pendAng availabil i ty 
of craftsmen. 

Material for  tes t ing of a proposed design 
using p las t ic  bags and shielded cart  is 
now on hand. 

Work is i n  progress. Cogletion is 
antici-pated in  Zuly. 
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Ti t le  - 
Engineering Studies - 100-F Counsel and recommendations a,re periodi- 

cally offered f o r  maintenance and operation 
of B i o l o g y  buildings. 

Electrical. Load Improvements - 329 Load studies are complete. Engineering 
=-g design complete. Materid. is on order. 

Construction completed by the end of 
Jbne 

Indnction Heating Unit - 3 4  
m - 6  

Design is complete. Material is on s i t e .  

Ina ta l l  200 KU Induction Motor - 
Generator Set - 306 Building 

Tht M-G se t  was moved into place. 
duit  and wire was run. 
WBS set and anchors installed. 

Con- 
The power pole 

Crane O v e r h a u l  - 3 4  Building Work is proceeding. 

Source Positioner - 3745 Building Work, except fo r  f ina l  adjustments, is 
complete. 

Ventilation Impmvements - 141-F 
ead 146-FR Building 

Sketches and suggestions f o r  system modi-  
fications were submitted for  revlew. 

lbdifications - 325 Building 
Air Conditioning System 

Engineering work was performed on numemas 
minor mdif icat iom t o  ventilation system 
in the 325, BUi1-g. 

Drafting and Design Services 

The work load in the 3706 Building &Siting mom ead in the 327 B u i l d i n g  is 
heavy w i t h  some overtime required. - Backlog  of work in  306, 34, 308, and 
1707-D drafting room are l igh t  to mderate with l i t t l e  overtime required. 

The equivalent of 176 design drawlnga were completed this month. 

Major design and drafting wrk in progress includes the following: 

1. Procesar Tube Monitor - Mark III. 6 dwgs. required - 85$ complete. 

2. Flux Measuring Device f o r  Heutron Counting Machine. 6 dwgs. required - 
3. Arc Melting Hood. 7 dwgs. required - gC$ complete. 

4. Autoclave Faci l i ty  Modification. 5 dwgs. required - 80$ complete. 

5 .  

eo$ complete. 

Special Tools Necessary for PKllR Operation - 38 dwgs. completed. 
No estimate o f  total. number needed. 

UNCLASSIFIED 
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6 .  Fi l t e r  Design Sr-90. 5 dwgs. - 100$ complete. 

7. 

8. 

Induction Heater Flush Chamber - 5% complete. 

Gas Loop Test Section - "B" C e l l .  4 dwgs. required - 75% complete. 

9. Ultrasonic Development Tank. 1 3  dwgs. required - 50$ complete. 

10. Uranium Screg, Burner (Project CAE-902). 10 dwgs. required - complete. 

Plant Maintenance Operation 

~ a y  costs were $ 13,390. 
expenditure 

FY costs to ~ a y  31 are 101.3 per cent of forecasted 

Analysis of costs 

The expenditure to date has risen 0.6s t o  101.3s o f  the forecast. The 
chief factors in t h i s  continue to be greater than expected improvement 
maintenance activity, and higher than expected steam c o n s q t i o n .  All 
but the mst c r i t i c a l  work ha8 been deferred. 

Improvement Maintenance 

Item 
Relocation end alteration 
Repainting 
Reroofing 
Electr ical  Modifications 

H&Vent Mdifications 
Crane 
Miscellaneous 

- 

Piping mdif iC8tiOnS 

$ 2,141 
1,174 

229 
2,253 
4,555 
1,209 

2 
40 

Waste Disposal and Decont.amination Service 

Radiation exposure of t ractor  drivers hauling crib waste to the 200 Area 
decreased significantly followlzg shielding o f  the t ra i le rs .  

A transfer pump w a s  ins ta l led ic tank number 1. It is  sized t o  lift liquid 
waste into the storage tanks CP i n t o  waizte t ra i le rs .  

1 

Plant  EnKfneering snd Miscellaneous 

Approximately 21,000 square fee t  of pr ints  were repordueed during the mnth. 

The total est-ted Yalue of ten,requfsitions issued during the mnth  w a s  
$80,000. T h i s  procurement is primarily for approved pmjec+,s. 

The interiors of 3745-A and 3745-B Buflhrigs -$ere painted during the rnonth. 
Painting i n  +,he 325 Building w a s  completed. 
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TEcBI9ICAL 3 C N H ) W I O N  OPERATION 

A film "Technical Information Servlces of the Atomic Energy Commission" was  
shown to a l l  employees, in the Operation. 
'pechnical Informstion, the film illustrates the scope and variety of infor- 
mation s e m c e s  available to the  s c i en t i f i c  comsmrnity through the A E C ' s  
Technical Information pmg~anrs. 
out the Plant and t o  encourage its shovlng to technical groups. 

Two claasification mexws were distributed to the f ie ld .  They are: 

Prepared by the A E C ' s  off ice  of 

It is p l a n e d  t o  publicize the  film through- 

Bw-6966 "Classification : Plutonium" 
&ne 1, 1961 

Hw-6966 SUP 1 "Classification : Plutonium" 
June 22, 1961 

Both memos presented guidance for classifying information in unclassified 
plutonium. 

The loca l  declassification revim of the Purex Technical Manual, begun last 
fall, were completed and the  mauual has now been sent to the AEC Declassifi- 
cation Braach for revlew. 
cla88iflcation. 
mation Exchange Progrgn and other interested groups. 

N u m e r o u s  deletions will be required before de- 
Copies will then be reproduced for the Eurochemic Infor- 

Work is unde~vay on a loca l  c lass i f icat ion guide which wil l  cover the general 
aspects of Hanford and its operation such as s i t e  description, maps, photo- 
graphs, u t i l i t i e s ,  construction, e tc .  This loca l  guide will be based on the 
revised Section 100 (General) of the Hanford Classification Guide (now con- 
sidered a program guide rather than a local  guide). 

The backlog of formal reports as of June 25 is 34 manuscripts awaiting attention. 
The addition of a f i f t h  Clerk-Technical Publications has maintained the s ta tus  
guo but has not been able to reduce 'the backlog. 
added. 

An additional clerk will be 

Work on the microfilming of documents in the F i les  vault is progressing 
steadily. 
pulled for microfilming, and 13 boxes of documents were accumulated for 
muting to the  Recorda Center for retirement. 

During the Iponth 54 drawers were emptied, 3,212 documents were 

The IBM Card-a-type eqyipment to be used in the mechanization of the Classified 
F i les  document issuauce, routing and mailing procedures was ins ta l led  June 15. 
On June 19, the operator began processing the f irst  HW bcuments through the 
system. There is every indication that the machines will be able to handle an 
even larger  volume of  documents than or iginal ly  planned. 

Special pmcedures, outlined by the Hanford Operations Office, have been 
established in Fi les  to  handle HAP0 documents involved in the cooperative 
program between the U. S. and Canada. 

I 2 5 2 h E i l  UNCLASSIFnD 
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The annual reports on reprint purchases and on the payment of page costs 
were sent to the Atomic Energy Commhsion about three weeks ahead of the 
m y  6 reqpired date. 

The book collection i n  the W-10 Library was reviewed for volumes that  should 
be weeded out. As  a result 225 books are being discarded, plus a duplicate 
run of PHYSICAL REVIEW covering the period 1954 to date. 

Work Volume Sta t i s t ics  
June Mey - 

Document Distribution and Files 

Documents routed and discharged (copies) 22,313 12,990 

Documents sent o f f - s i t e  (copies) 8,939 3,385 
Document reserves f i l l ed  (copies) 691 589 
Documents picked up and delivered 20,261 16,579 

Documents issued (copies) 15,471 10,832 

Document Accountability 

Holders of classified docments whose f i l e s  were 

Documents inventoried i n  Fi les  (copies) 
Documents destmyed o r  re t i red (copies) 
Documents revised (copies) 
Documents pulled and documents f i l ed  (copies) 
Documents reclassified 
Documents microfilmed 
Accountable copies o f  S E C m  and DOCUMENTED 

inventoried 

CONFIREI9TIAL documents on-site 

Reference and Publication 

Books cataloged (new t i t l e s )  
Books added to the collection (volumes) 
Ready reference questions answered by 

Literature searches by pmfessional s taff  
Reports abstrated ( t i t l e s )  
Formal reports prepared ( t i t l e s )  
Off-site requests for HAPO reports (copies) 
Reports released t o  CAP ( t i t les)  

professional staff 

191,947 

137 
303 

220 
77 

302 
13  

421 
35 

418 -- 
6,849 
1,432 

11,186 
206 
379 

191,703 

146 
73 

321 
9 

202 
25 

UNCLASSIFIED 
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Mey 
Library Acquisitions and Circulation 

Books ordered (mlumea) 
Periodicals ordered 
Boob circulated (.vlolumes) 
Periodicals circulated (issues) 
Inter-Lib- loam 
Fl&a borrowed o r  rented 
Industrial iilm showings 
Bound periodicals added to the collection 
Bound periodicals discarded 

390 
142 

1,613 
3,012 

$7 
7 
72 
79 
7 

Library Collection 

Ind. Med. Tota l  108-3' Lib- - 
No. of boob 9,783 896 54 1,804 2,052 44,293 

Main Library W-10 Library 

Classification and Declassification 
m e  - 

Documents, including drawings and photograrphs 
revleved fbr downgrading o r  declassification 

Documents and pspers (intend& for o r a l  
presentation o r  publication) reviewed 
for spprapriate classification 

Documents submitted t0 Declassiffcation 
Branch, O a k  Ridge 

MBY 

35 

59 

2 

45 

3 
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C O S T  P L U S  F i X l E D  FEE 

E N  GIN E E R  

FEO - H. Radow 
M A N P O W E R  A V E R A G E  ACCUM M A N O A Y S  

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  P E E  
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OESIGN ,oo "-(y 2.p '? 
TITLE I 
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1 
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ww- SEMI -MONTHLY PROJECT STATUS REPORT 

-.- - 
TITLE 1 RED3 - WS Ice- 

M Autmwin I A V C R A Q E  ( A C C W  M A N D A V S  GL-TIT-I I 

C I X E O  PRlCC ALL- TIT. I I 

COST PLUS CIXCD FCL 

P L A N T  FORCES 

A R C H I T C C T -  C N Q I N L E R  

DCSION L N O I N L C R I N O  O P E R A T I O N  

OC CtCLO C N Q l N C L R I N O  

I I I I  I I I 
SCOPE. PUUCOSE. STATUS b Pnomcas  

Failure of fixed price contractor to complete work on schedule delayed the s t a r t  of th2 
CPFF Contractor's work until 6-27-61 

CPCC 

?I, 

I I 
PROJ. NO. 1 T I T L E  I F U N O I N Q  I 

FIXED PRICE 

COST CLUS FIXED CCL 

P L A N T  COIlCCS 

*RCC( lTLCt  - P N O I N C S R  

DCSIQN C N U I N C K R I N O  O C C R A T I O N  

Pf 

C P f t  

t P  
540 

FILL0 E N O I N C C R I N Q  

I 
SCOPE.  CURCOIC,  S T A T U S  b C R O Q R C S I  

This project wili provide facilities for determining physical and mechanleal prop?rt:%? 
of irradiated materials, and involves the installation of a cell in the 327 91dg. 

A project proposal revision requesting the total construction funds is ro..iting f o r  
General Electric C o w  approval. 
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Cell - 327 Buildi 

F I X t D  P R t C  

C L A N T  PORCCS 

A R C H I T E C T -  E N G I N C L R  

OCSlGN E N G I N E I R I N G  O P E R A T I O N  

0 s  W E L O  C N G I N C E R I N G  

This prodect will provide facilities t o  prepare specimens from Lrradiat.ed mtcr',aLY 
for use in determining their physical and mechanical properties and involves tlit 
installation of a cell in 327 Building. 

FED - RW Dsscenzo 
M A N  POW E R A V E R A G E  ACCUM M A N D A Y S  

F I X E D  P R I C E  

C O S T  P L U S  F IXED P E E  

P L A N T  ?ORCES 

b R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

Procurement of the decladding machine is critical. 
in only one quotation for $33,000 vs. an estimated cost of $5,000. 
cation is planned for this pirce of equipment. 

The Invitation to Bid res~ltcd 
On-sits fabri- 

TITLE I 

GE-TIT.11 10 100 100 
AE-TIT. I I 9 . 100 100 

NS <1 100 CONST. 

Pf 

CPFF 

FP 

1 2 5 2 4 0 2  
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GENERAL ELECTRIC co. - HanfoFd Laboratories 

P L ~ N T  Comcca 
ARCHITCLCT- CNOINCCR 

DCSION CNOINCCRINO OCCRATION 

OC FtCLD CNOINCCRINQ 

* De& Design. Scope design started U-2-59, and completed 3-15-60. 
--Water plant construction w88 scheduled for starting 3-1-61. 
- -  specs for water plant and holdw tad forwarded to AEC-HOO ear ly  In Februsry. 

ii4 8 result of AEC-m review It  wae necessary to m8ke s e v e r a l  design changes to 
reduce capscity of  filter plant. R e v i s e d  material will be released for bidding 
early in &lye 

Design drwLng6 a 

COST pLU8 FIXED 

PLANT concca 

*RCHlTECT - INOINaEn 

DEIlON ~ N O I N L E R I N O  O C L R A T ~ O N  

The work is completed. 
a design change for either a chemical make-up hood o r  a l ong i t a3 iml  fllcos t:, :eL.Lmg 
partition, but the contractor's two clalms that have risen to $51,030 w1i.l F m h i b i r  
this. A reply to the contractor's claim has been written to the  CormLL3slon. 
A Phyeical Completion Notice was issued in June. 

Remaining funds in the project were plamed t o  be s ~ e n t  on I 

1 2 5 2 k b 3  

! . 
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DESIGN E N G I N E E R I N G  O P E R A T I O N  

aL FIELD E N G I N E E R I N G  

CPFF 

FP 

This prodect provides additional space for biological research supporting servizee, 
and involves an addition to the 108-F Building. 

PROJ. NO. t i T L e  

CAH-8% Stress Ruuture Test Facilits 

The AEC awarded the contract to Teller Construction Company. 
has been authorized a total of $60,500 to prepare design criteria, provide. C,c.-hLzcll 
direction of the AEGperform Title I11 and related management services, proc'arc the 
radiation Handling Facilities and perform offsite impection. 

General Electric 3. 

F U N D I N G  

60-1 

ACCUM M A N D A Y S  

350 

I - - I 
bUTHORIZED CUNDS 

go, 000 
T A R T I N G  DESIGN 7- P E R C E N T  C O M P L E T E  

W T ' D .  S C H E D .  A C T U A L  ' A T E *  CONST. 3- 
100 100- DESIGN 

TITLE I 

E N  GIN E ER 

GE-TIT.11 100 106 >.C,:- 
AE- TIT.  I I 

- FEO - H. Radow 
A V E R A Q L  M A N  P O W E R  

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESIGN E H G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

7 

~ 

S C O P E .  P U R P O S E ,  S T A T U S  b PROGRESS 

This project Involves a facility for deliberately rupturing tubing to establish sei?r;:t. 
conditions. 

The roof has been poured & forms are being stripped. The installation of piping b 
electrical components is continuing. The contractor was requested to infii-stz The 
status of his off-site procurement so any potential delaying items could be spotted. 
A de l ive ry  schedule was submitted in which the latest promised shipment wa: 
u y  31, igGi. 
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GENERAL ELECTRIC co. - w o r d  Laboratories 

M A T L D  T O T A L  C O S T  

C N O I N C L R  

IA A N PO W L  n 
C I X C D  CRICK 

COST PLUS CIXCD f S C  

PLANT concca 
A K b I l T C C T -  C N O I N C L R  

0.CSbON C N O I N C C R I N O  O C L R A T I O N  

OK ftCLD C N Q I N L C R I N O  

SCOCC. LURC0.C. S T A T U S  L LROOI ILSS 

This project provides for the installation of eqpipent at the EPI for which changzs 
in the ~ ~ l c a l  properties of reactor stnrctural materials subjected to in-xactar 
conditions can be determined. 

It now appears that ex-reactor p i p a  modifications started June 26, 1961. 

F%zn s t a r t  date for installation of empent has been requested from the AEC. 

I 

f l X E D  PRICK 

COST P L U S  C I X C D  Cam 

PLANT CORCEI 

ARCHITECT - E N G I N E E R  

OESIGN E N Q I N E E R I N O  OPERATION 

G E  FIELD L N O I N E S R I N Q  

This project provides a m e a n s  of making UreLaitrm scrap material safer f o r  storage 
and off-Plaat'sbApmcnt by converting this scrap to a stable uranium oxide. 
faciUty will be adjacent t o  the 333 Building. 

of the  HLO drawings are complete, except fo r  a f e w  minor details. 
completed drawings are being checked. 
eqscted  t o  be complete by July 15, lsl. 

*.Accepted by the General Electric Company 5-17-61. 

Tho 

The 
Desi- is slight@ behind sched.de, b?.t. is 

http://sched.de


mo - OM Lysc: 
M A N P O W E R  A V E R A G E  A C C W  MANDAVI -- 

' I X L D  P R I C E  

:DIT P L U S  F I X E D  F E E  

' L A N T  CORCES 

~ R C I I I T E C T -  E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

ZE CIELD E N G I N E E R I N G  

*Bva.y Lagineess . 
Bid package has been prepared by AEC and bid opening is scheduled for 6-r7-61. 
project; proposal revision requesting $11,000 add l t ioml  construction fmds has 
bem shxoltted by the  AEC. 
received. 

A 

A direct ive authorizing the additional funds has been 

TITLE I 

GE-TIT*II  100 BS* 233 -- 
AE- TIT. I I 

- 
CONST. 

P F  

C P F F  

FP 

FdiS C U N D I N O  PnOJ. NO. I TITLE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

OESIGN E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L O  E N G I N E E R I N G  

CONST. 100 

PF 
C P F F  

F P  
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*med on AEC authorization by 7-15-61. 

C l X C D  CRICC 

COST cLua N X C O  PEL 

P L A N T  C O R C L S  

ACICHITLCT - L N O I N L C R  

D E S I O N  O N G I N P E R I N 0  O P C R A T I O N  

G L  C I C L O  E N O I N C P R I N O  

S C O C E .  PURPOSE. S T A T U I  b P R O O R g S I  

T U 6  project lnvolves tk continued d r i l l i n g  of special research, test a.nd m0LitofLr;E 
w e l l - c  . 
Cont.ractor is working a 9 hour shift wifb  one rig. 
wi%h 135 calendar days l e f t  t o  complete 4300 f t .  of dr i l l ing.  

He is now 14% behind scne.Pc;?. 

Well #U was completed on June 23, 1961. Contractor averaged 3 fee t  of d z i l l l n g  p-.c 
calendar day; actuslly, contractor should be averaging 30 fee t  of d r i l l i ng  per kiy 
tto complete his  contract on schedule. 
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E N G I N E E R  

: O S 1  P L U S  F I X E 0  FEE 

' L I N T  F O R C E S  

k R C H l T E C T -  E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

OL FIELD E N G I N E E R I N G  

SCOPE. PUR?OSE. S T A T U S  b P R O O R B I S  

This project will supplement existing cooling units, thus providing cooling air  
supply commensurate with heat load and outdoor temperatures. 

Directive AEC-188, dated March 8, 1961, authorized the project and assigned 
management t o  the AEC. 
A Purchase Order for  the coolers has been issued. 
July 6. 
Company. 
planned that all fabrication be complete prior t o  arr ival  of Cooling Units. 

Work Authority was issued 4-18-61, t o  the GE Company. 
Delivery is expected on o r  about 

Approved design prints have been issued t o  J. A. Jones Construction 
Fabrication of ductwork i s  scheduled t o  start week of 6-12-61. It is 

ITARTING ll-15-61* 1 1 0 ~ ~ ~  AUTHOR~ZED 

DIA. COMP. DATE CONST. 

C U N O I N G  PROJ. NO. I T I T L E  

P E R C E N T  C O M P L E T E  E::':;. OESION 5-15-6# 
D A T E S  CONST. 12-1-621 WT'O. SCHEO. A C T U A I  

E N G I N E E R  

FEO-He RadoW 
hi A N  P O W E R  A V E R A G E  ACCUM M A N D A Y S  

F I X E D  P R I C E  

I 
l 

CONST. I i on  

DESIGN 

TITLE I 

GE-TIT. I I 

AE. TIT. I I 

I I I 

SCOPE,  PURPOSE. S T A T U S  L PROGRESS 

This project w i l l  provide f a c i l i t i e s  t o  permit deliberate destructive tes t ing of 
irradiated zirconium tubing. This will provide operating and tube l i f e  data not 
now avallable because of the limited operating history of Zircaloy-2 pressure 
tubing i n  reactors. 

The proJect proposal, which was re tuned  by the Commission without action, has 
been revised t o  include Supplemental data requested by the  Commission, ;It was 
resubmitted to t h e  AZC on J L I ~ P  30, 1961. 

jf.13ased on AXC authorization 11-1-61. 
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C O S T  P L U S  F I X E D  PEE 

PLANT concca 
ARCMITXCT- K N O l N E E ( l  

OESl O N  C N O I  NE E R I N 0  0 PER A T  I O N  

O E  ?(EL0 E N O I N L E ~ I N O  

SCOPE. PURPOSE. STATUS L Pnoanmss 
This pmject will provide a facility for specialized spectroeco~y work. 

Psrtition -mrk is complete. 
work to 325 Bldg. min system. 
site . 
The nuclear magnetic resonance spectrometer was shipped by the vendor on Zune 

Corcrete floor has been cut and removed f o r  tic iu 
Digital voltmeter and counter have arrived on 

30, 1961. 

C l X L O  PRICE 

C O S T  P L U S  C l X E O  ?EL 

C L A N T  C O R C O I  

A R C W T L C T  - LNoiNeen 
O E S I O N  P N G I N E E R I N O  O P C R A T I O N  

0 9  C l E L O  C N O I N E E R I N O  

I I I I 
SCOPE. PURPOSE. S T A T U S  b P R O O R E U  

i W S  project will provide a source of power for induction heating for R&D work in 
the 306 3dlding.  

Approved specifications for work stations and voltage regulator have been issued to 
J. A. Jones for procurement. An interin authorization of 11,000 has been requesteci 
of the Commission for procurment. 

I 2 5 2 U C l  
M 7300 - 0 4 2 (  2-61) 
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PROJ. NO. 

Cos1 & COMM 

C t X L D  CRlC 

COST P L U S  PIXED . CLE 

P L A N T  CORCLS 

hRCMITECT-  C N O I N L E R  

DESION E N O I N E C R I N O  O P E R A T I O N  

O L  C t E L D  L N O I N E L R I N G  

acopc. CURCOIL, STATU. L PROORLSS 

This project provides fac i l l t l e s  for pilot  plant d e v e l o p a t  of decon5smination 
processes for intermediate level chemical processing plant waste for safe 
diSChaXge t o  the p a t  a V i r o n S .  

T I T L E  C U N D I N O  

Design started 6-15-61. A schedule w i l l  be prepared within the next two weeks. 

A V E R A G E  ACCUM M A N D A Y S  

TITLE I 

GE-TIT. I I 

A G  TIT. I I 

FEr? - OM LWO 
M A N  PO w E R 

F I X E D  P R I C E  

C O S T  PLUS F IXED F E E  

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  

S C O P E .  P U R P O S E .  S T A T U S  b PROGRESS 

I=+=++= CPFF 

11 FP I I I 

Zhis project, - i l l  increase the basin capacity commensurate with the iwr*w?d 
volm?s haridl3d. 
if z?q-Lred9 and still permit adeqwte samplhig time fo r  the n o m i  f l o w ,  

This w i l l  permit transfer t o  c r ib  waste of contsJn-inat!ii waste 

_'I 

,193 pr3.jez-t proposal vas submitted t o  KOO-AEC for authorization on 5-5-61. 
3i.~.vLew of %his project  was defErred by the HOO-AEC EZeview Board. 

+.%sed on AFC a u t h o r i m t i o n  by 8-1-61. 

. . 
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V l X E O  C R I C K  

c o a t  PLUS n x c o  ECC S a  A. JOmS 
P L A N T  f O R C L I  

A R C H I T E C T -  S N O I N E S R  

OCSION L N O I N C L R I N Q  O C L R A T I O N  

ac R C L O  ENO~NCCRINC 

-~ ~~~ 

SEMI -MONTHLY PROJECT STATUS REPORT 

A t -  11% I I 

m!3 ? COWST. H)O' 

PF 

C P f f  

fP 

nw- I 

1 7 

FEO - KA C-k 
M A N P Q  w C A  A V C R A O C  ACCUM M A N D A Y S  

F I X E D  PRICE 

I I I I  I I I 
SCOCC. PURC0.S .  STATU8 b CROORCSS 

.'F-,s proJeet w i l l  
ma.ter1d.s and c w n e n t a  can be stored for ,use by the Technical Shops. 

a b u L u  adjacent to  the 328 Building in '&zh 2&rLx%afi 

. -- 
TITLE I 

OE=TlT. I I 

AE- TIT. I I 

Dlr%z+,ive HW-525 dated June l6, 1961 authorized the proJect. 
s*cont,-actor to  J. A. Jones Construction Company f o r  this project, s t a r 5 r S  mck oc 
+SUES 22, lsi. 
foothgb and foundation walls was initiated. 

Kemeth crOS8, 5 e  

The existing chain l i nk  fence was removed and excavation for 

PFiOd. NO. I TITLE 

This project provides f a c i l i t i e s  for the conduct of corrosion and dtzontanharion 
stiidi%s for nzlclear reactor coolant systems, by the addition of a g o 0  sq. 3. 
laboratory facility on the west aide of the 1706 KE Building. 

Tks EropoBal is being modified by the additionof information relating to the e?fi;tl;t 
t i  ::hno.Logy prcgrams and the modification of other welding perttlLung t3 2Ye:yent 
z d  fat lrc  work of the Coolant Systems Development Operation. 

'EB5-d on AEC authorization by July 15, 1961. 
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GENERAL ELECTRIC CO.  - 

F I X E D  P R I  

P L A N T  FORCSS 

A R C H I T E C T -  E N G I N E E R  

DESIGN E N G I N E E R I N O  O P E R A T I O N  

O E  C l E L O  E N G I N E E R I N G  

SCOPE. PURPOSE:. S T A T U 1  b PROORESS 

This project provides ventilation systua modifications and installation of a 
f i r e  detection system in the 231-2 Bldg. 

A project proposal requesting authorization of this proJect was submitted to HOO-AEC 
on ;me 19) 1961. 

- __ 
wv- 70165 

6-1.5-61 O A T E  

The project was approyed-tJune 3Q, J36L 

PnoJ. NO. T ITLC F U N D I N O  

I I 
s COST & COMM. TO A E C  S 

. U T H O R I Z S D  F U N D S  DEllGN 

m A N P O  w E R A V E R A G E  ACCUM M A N D A Y S  

F I X E D  P R I C E  

T A R T ' N G  DESIGN 

IAT"  C O N S T .  
E N  GIN E E R  

T I T L E  I 

G E - T I T . I I  

AE- T IT .  I I I 

100 CON I T. 

I I I 
IICPFF I 1 I 
11 FP I I I 

I 1 , I  1 
SCOPE.  PURPOSE. S T A T U S  h PROGRESS 
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Editing of the two-minute news film on the Cri t ical  hit368 Iaboratory has been 
completed and the final scr ip t  drafted; clearances are now being obtained. 
Filming began on a possible !W news film on Strontium 90 recovery fac i l i t i es .  

Prepared press releases on: 
tors of the Health P h y S i C 6  Society, ( 2 )  W. H. Reas' appointment as Mmager - 
Chemical Research and Development, (3) survey of fishemen conducted by the 
State Game Department under General Electric auspices. 
Relations Operation in the preparation of releases on (1) papers presented a t  
Health physics Society, (2) radiation "banding" of waterfowl, (3) appearance 
of a Biology Operation photomicrograph on the cover of Science, (4)  vibrational 
compaction amplifier, (5)  two papers by Hanford Iaboratories personnel, (6) 
Hanford Iaboratories linguists, (7) the use of a Iaboratories-developed ioniza- 
t ion cha&er reader. 

(1) A. R. ICeene's election t o  the board of direc- 

Participated with 

EMPIDYMEWF (Professional) 

Advanced Degree - Fourteen Ph.D. applicants vis i ted BAPO for  professional 
employment interviews. 
offer8 were rejected. -No aixeptances occurred during the month. Current 
open offers total ten. 

Four offers were extended (all HL); five outstanding 

BS/MS - One hundred and sixteen candidstes were considered, eleven vis i ted 
HAP0 f o r  Interviews; twenty-tw0 offers were extended and seven acceptances 
received. 

Technical Graduate Procp.8m - Two Technical Graduates were placed on permanent 
assiepment. 
terminated. 

Forty-three new members were added t o  the program rolls and one 
Current program members total eighty-one. 

EMPIDYME2lT (Non-Professional) 

Thirty-two requisitions were f i l led during the month w i t h  a total of twenty- 
seven active requisitions remaining to be filled. 

A complete review of job hazard breakdowns is underway throughout the Iab- 
oratories as  a step toward improvement of safety performance. Two hundred 
and twenty five job hazard breakdowns fo r  Reactor and Fuels Research and 
Development Operation were reviewed during the month. 

0. E. Boston, Mnager 
Profess ional Placement 
and Relations Practices 

OEB: Imh UMcLASsIFm 
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C - Technical Graduate Program 
Month ending June 30, 1961 

Number Personnel on Ass lgment  a1 
(HAP0 Tech Grad Program . . . . . . . . . . .68 
(Engineering & Science Program . . . .l3 

Distr ibut ion of Assignments by Departments 

IPD 
EL 
FPD 
CPD 
c&Ao 
CE&UO 

28 
35 
4 
11 
2 
1 

Distr ibut ion of Assignments by Function 

Research & Development or  Engineering 57 
Other 24 

1 2 5 2 4 1 5  UNCLASSIFIED 
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lKUWVCIAL OPERATION MOmTRLY REPQRT 
JUNE 1961 

Per some1 

“&re were no changes during the month of June. 

Activities 

GENERAL ACCOIJKENG OPERAIIION 

E e  status of l e t t e r s  covering actions requiring AM: approval or wncurrence i s  
sbm below: 

Nmber 

AT-52 

AT-lorC 

AT-105 

ar-170 

AT-171 

AT-i78 

Tlt le  

m e d  Use of Whole Body Counter 

- 

Symposium on the Biology of Transar- 
snic Elements 

C m p a a y  VtiLization of Plant 
Faci l i t ies  

Delay i n  Disposition of Residence 
of Transferred Employee 

Movement of House Trailer 

Sta tus  

ReauWt+,ed t o  Commission for 
q p r o m  on 6/29/61 

S $ i U  beiag cosidered by AM: 
(Submitted 3/17/61) 

AEC Washizgtm is  considering 

In Process. Seat t o  Commissim 
6/u/61 

To Conmission 6/23/61 

TO Cammission 6/23/61 

%vel ac t iv i ty  i n  June was siightly higher thaa i n  June 1960. 
I,&& t r i p s  were started as compared w i t h  1,392 in FY 1960, the t o t a l  amount 
charged to coat was a l i g h t u  less in F?I 1961. thaa i n  the  previous year. 
eqended for a t tendace  at professioml society meetings i n  Fy 1961 was $46,495 
czmpared with an U o c a t i o n  of w,500. 
;f Rd9 pzogram fuads which linited the amouzlt which could be spent f o r  this gmps3e. 
(h FY 1960 $34,000 was charged t3 attendance a t  meetings.) 

T;i; mimr revisions were made to the m v e l  and Living Expense Manual concerning 
~“z~tftl autos and cla;.ificatfm of certain required approvals. 
t,he mual is CurreZtPy i n  process and w i l l  be issued in July. 

W e e  IPD fcrms were revised t.o meet all related re-ements of IPD, CPD, and HLO. 
3 ~ 4  forms processed dwiw the math fo r  Financial included, Mposition of Tickets, 
Pqa ica l  Campletioa Notice (for A R ’ s  and WO’s), EWIP Report, and revision t o  Project 
L a t  Weekly Summary. 

Although in F31 1961 

The total 

The underrun is attr ibuted t o  a shortage 

A major revision t o  

FifieeI; revisions t o  the AEC MwdL were received i;l. June. 
revP,;iens are ccvered 13 a separate mmth2.y repcr+,. 

Tee f”iXcwkg OPG’s were issued dwiw the math: 

Details of these 
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New Revised - 
HW-70165 

Tltle - 
X 
X 
x 
X 

x 
X 

I 
x 

X 

X 

X 

22.3.1, p. 18s 2 
22.1.2. 
3 2 . 3  
3.1.4 

22.1.1 
3 .4 .l8 

22.1.2 
3 04.4 
1.13 

22.1.10 

44.7 

Approval Authorizations 
Chemical R&D Ckganlzation 
OE Educational Assistance P r o m  
Absences an3 n e s s  
Technlcel Graduate Program 
w o r d  Laboratories Operation 

chemical R8bD Orgaulzation 
fnquiries Relative t o  m o p e s  
Participation in the Atcrmic Energg 

Profeseional Placement and Relations 

Design R e v l e w  Council - Appendix 

Qremlzation 

BusineSS 

Rcsctices Orgaulzation 

Contracts processed -e l isted below: 

SA-46;- 

aDR-102 Brttelle Mumrial Institute - Ertension of Time 
mQ-37 
CA-294 Betz frborstories Inc. - Boiler Water Conditioning 
mR-134 Oregon Matsllurgical Corpration 

State of Washington - Department of CBmC 

RCA Sarvice C- - ELectron Microscope M c e  

u-293 M. $0 m e r  - dn.lmnl BAS- 

Action as indicated occurred on the folie projects during the month: 

New Money Authorized HLO 

Phgeical caup letion Notices Issued 

ca-785 --Reactor Studies Equlpnent 
cAH-87w Fscillties for Recovery of Radioactive Materials - 325 Wlilding 
CGH-907 Strolrti~-90 Interim ROW 

Construction Completion and Cost CloeinR Statements Issued 

cGH-805 
cGE-819 Increased LBboretory Waste lbcilitics - 300 &ea 
cAH-885* 

High !knperature m i l e  Testing Cell - 327 Bull- 
c e ~ l o g ~ c a ~ .  and -logical Wells - FY-1960 

*AEM Senrlces only. 

HOO-ADZ has extended the 
tion C-) contract for two years, new expiration date June 30, 1963. 

Construction Service Contractor (J. A. Jones Construc- 

Reconcillation of the physical inventory of movable cataloged eqyipment in custody 
of Reactor and Fuels R&D by EL0 Property Accounting is complete and the inventory 
f l n d l n g s  were sumtted to C&AO for their review and completion of the reconciliation. 

UNCLASSIJXED 
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A FY 1962 physical invezitory schedule covering the larst half of the biennial inven- 
tory cycle for  movable cataloged equipent was prepared and forwarded t o  personnel 
conceraed. 
in the custody of Labomtory Auxiliaries, Rhancial (Laboratory Equipment Pool) and 
Radiation Protection (Portable Health Instruments only). 

Inventoriee scheduled t o  start in the month of July are for equipment 

Twenty-four it- valued at $9,855 wme recieved at the Laboratory Eqpipment Fool 
Building during the month of June. Six items valued at $2,079 were withdrawn by 
custodians and nine items valued at $5,806 were transferred i n  l i eu  of placement 
of req[uisitions. Thcre are currently 613 items velued a t  $251,187.1ocafred i n  the 
Pool of which 22 items valued at $22,275 are aut on loan. 

Durw ~ l [  1961, 189 items valued at $77,086 were placed by the Laboratory Equipment 
pool in l i e u  of purchase. 
thie  pmgrem equipment valued at  $90,294 has been placed i n  l i e u  of purchase whereas 
t o t a l  expenses, including the cost of the 37l8 Building, amount t o  only $53,878. 

Year-end accruals were prepared on zircollium purchase orders i n  the amount of 
$26,376. 

mtal operating costs were $10,986. Since inception of 

Zirconium accruals by AEC amrunted tc $!$,86g0 

Heavy Water expenditures for  June were $72,42g, representing 
SRW for rework ($6,OOO) and l o s t  in start-up operatios, 

held for return-to 

Water expenditures for FT l*l charged t o  operating cost were $152,383 representing 
loss ( W I D )  $125,021, and $27,562 scrap material (mtezid returDed t3 SI00 for 
r m r k )  a 

Total H e a v y  

Project unitization regarts were issued during the month on the fo3iowing projects: 

CGH-805 High Temperature Tensile Testing Cell, 327 wrilding $163 577 
CGH-8ig Increased Iaboratory Waste B c i l i t i e s  166 275 
CAB-885 Geological and m o l o g i c a l  Wells 66 990 

During the month unitization work was completed on Project CAH-744, Metallurgical 
Deveicpnest B e i l i t y ,  306 Building, $2,665,6%. 
.=classified a c m m t  during Jme  business but a formal, report w i l l  ]not be iamed 
=ti?. July. 

The costs will be removed earn 

EiUkags t o  Emt during the math of June totaled $8,293,389 rqresent ing  closirigs 
*am EWIP, CWIP and Plant to P L a t  transfers f r D m  the AEC SB de+ailed belm: 

Empment Work in PzDgress 

R n c b s e  Ckders and Wcrk %-dezs $ 349 511  
PrDject CGH-805 - High Tempersture Tensi2.e Testing C e l l  361 942 
Pr3ject CGH-907 - SLrontiun-90 105 ooo $*Z Project CGH-@5 - In-Reacmr Studies Eqiipnent - lO5-m 

CRuwtz-ictim Work T.. Progress 

FYcjec% CGE-829 - Ibczesaed hbrstwy Waa5e Facil i ty 
Wmk k d s m  $ 20 020 
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An R&D €?repeal w e d  w the B I o l o g ~ r  Operation on coltlmbia River .Studies was 
pmcelrsed by Coat Accowpfing and mhnitted to HOO-AEC f o r  consideration in the 
Fr 1962 Raaget in ths - of $55,000. 

!be w o r d  IdbOrstarles' estimate for PT 1962 f ~ r d s  required rm attenda.nce a t  
Wf-Site Courses e Suninms and Mattinge of Professional and M e  Societies 
was pcpsred and submdtted t o  Contrrrct Accounting in the amunts of $5,000 and 
$64,500, r e s p e c t i e .  

Special request ac t iv l ty  d- the month vas as f o U m :  

. 4 ~  m t t e  W c a ~ ,  Corporation 
Cost of packing and shipping of single pass mock-up tube gamples. 
Estimate under $25. 

.k Union Carbide mUcleer C- 
X,T.p-- -* - :tion studies on 6 VO, specimens. Estimate - $2,000. 

Oiiftgction w s i s  of 15  samples of selected control 
ttimste - $1,800. 
tion of U02-pU02 Fuel pips. - @9,200. I 

rs were estsblished in Ihstnrment Research and Developeat 
,,-~t.ave July 1, 1961: 

7457 - melds tud ie s  
7458 - Special Projects 

In addition, a new cost center, "Advapced Engineering Courses", code 7233, was 
eskblished June 1, 1961, t o  accumulate associated costs involved in the : ' 

administration of the new Advanced w i n e e r i n g  Program.' Tot& costs will be 
sp l i t  between w e r i n g  Education Service and W o r d  Iaborataries. 
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New end program codes establiahed during the month were as foUuws: 

Code - Tit le  Remarks - 
32 Advance Studies 

33 

New research and development 
program sponsored by Division 
of Reactor Development . 

Irradiation Effects on 
B b r L l C t u r e l  Materials 

Program sponsored by Division 
of Reactor Developnent included 
in  Fy 1961 as  part of a-Reactor 
Measurements program. 

.48 FPD - Process Technology To differentiate process tech- 

*49 EPD - Process Technology- 

Alsi nology costs for  FPD. 

XE? - Coextmsion 

The booklet wnmparizing the Budget for FY 1963 d Reviaim of Budge% for FY 1962 
was completed and distributed t o  HLO management. 

Ibe Hu) f i l e  on charts and slides was reviewed and several d e p i c t i q  f f m c i a l  
data were revised and updated. 

Is ccnnection with the nnnrlnl review of routine work orders, we furniehed all HLO 
customers w i t h  lists of open orders snd requested an examination of the need for 
Services, accuracy of the description, and appropriateness of authorized f&s. 

3nit Cost Reports fo r  Radiation Prrbtection were discussed and tentative plans made 
t o  provide them quarterly. 
the reports within the next few weeks. 

Procedures w i l l  be established f o r  p repra t ion  of 

Xew exempt saiary averages and IME ra tes  were calculated for  use starting w i t h  
J-JJ 1961. 

1 433 
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ov&Ame s During Month 

psrticiaation in lilhralaraa BaPsiits JUnn 
P l a ~  at Month BM Number Percent -.rl!lizDbl?r - Percent 

June 
944 924 
65 9s 68.14 

1 2 5 2 u  I 
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INVENTIONS OR DISCOVERIES 

All  persons engaged in work that might reasonably be expected to 
result  in inventions o r  discoveries advise that, to the best of their  knowledge 
and belief, no inventions o r  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 o r  discoveries. 

,* 

INVENTOR 

J. Dunn 

R. E. Heineman, in 
collaboration with 
H. L. Henry 

H. L. Henry 

H. L. Libby 

TITLE OF INVENTION OR DISCOVERY 

A Means for Agitating Contents of Vessels 

A possible invention is being investigated. 
This invention concerns the use of hydrogen 
containing solids inside of meltable fuel a s  
a quenching mechanism for excursions of 
reactor systems. R. E. Heineman in 
HWN-1349, Page 21, 6/20/61, in 
collaboration with H. L. Henry. 

A possible invention is being investigated. 
This invention concerns a method of 
fabrication of safety-fuse type reactor 
fuel that will  ensure collapse of the fuel 
when heated. H. L. Henry in HWN-2602, 
Page 1, 6/29/61. 

The Stabilization of the Temperature of 
Eddy Current Nondestructive Test Coils, 
HWIR - 1 402. 

UN CLASS IF IE D 
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