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BUDGETS AND COSTS 

August operating costs totaled $1, 986, 000; fiscal year-to-date costs are 
$3, 743, 000 or 1570 of the $25, 403, 000 tentative control budget. 

Hanford Laboratories research and development costs for August compared 
with last month and tentative control budget follow: 

(Dollars in Thousands) cost 

Current Last FY % 
Month Month To Date Budget Spent 

HLO Programs 
$ 67 $ 141 $ 597 2 470 2000 Program $ 74 

740 549 1289 8 835 15 4000 Program 
5000 Program 60 54 114 742 15 

6000 Program 2 09 

1083 

17 

15 
- 2 372 399 190 

86 0 1943 12 546 
- - 

IPD Sponsored 257 226 483 3 100 16 

CPD Sponsored 17 151 124 275 1 658 - 
16% - $m $m $2 701 $17 304 - 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels Research and Development 

The PRTR Phase 111 contract is estimated to be about 9770 complete as 
of August 31, 1960. 

his contract will be terminated on September 12, 1960. 

will be completed by J. A. Jones Company on a CPFF basis to permit 

the reactor startup to proceed. 

The contractor has been informed by the AEC that 

Remaining work 

The PRTR Maintenance and Mockup Facility bids were opened on 

August 17, with an apparent low bid of $633, 700. 
was $713, 000. 

The fair cost estimate 

Formal authorization for the startup and operation of the PRTR has been 

received from the AEC. 
with the PRTR Final Safeguards Analysis, Supplement I thereto, and 
three instructions concerning an exhaust air filter, coolant void coeffic- 
ients, and use of the automatic controller. 

This authprity is for operation in accordance 

Additional experimental data were obtained of the pressure drop in the 
outlet fittings of the PRTR process tube during flows of steam-water 
mixtures. The data were used in an analysis of the detection of small 
leaks (between 7570 and 17570 normal flow) in the process tube. 

, 



ation to impart corrosion resistance in the event of rupture. 
tests, 1. 75 w/o Ni appears satisfactory and a 1. 5 w/o nickel alloy is now 

being tested to determine the lower limit of protection. 

In recent 

Pre-welded samples of Zr clad m2 have been swaged to 90% density in 
the plutonium facility in preparation for plutonium fuel fabrication. 

Radiometallurgy examinations of a graphite coated Pu-A1 cluster and a 
similar cluster with nine-mil diametral gap, both of which had been 

irradiated to about 5070 burnout of Pu atoms, revealed no damage other 

than a slight diameter increase in the core with the nine-mil gap. 

Attempts, as yet unsuccessful, are being made to form PuN, a potentially 
important fuel material. 

A prototypical three-foot section of PRTR cold swaged U02 fuel was 
irradiated successfully for one ETR cycle at a power generation rate of 
15070 of PRTR design conditions. 

Vibratory compaction was successfully used to fabricate nine thin-walled 

(8-15 mils) stainless steel clad fuel rods for irradiation in VBWR. 

A swaged U02 fuel element was defect tested in the MTR and found to 
release much less fission gas than in previous tests. 
attributed to the use of larger and denser UO2 particles as starting material. 

This behavior is 

Zircaloy corrosion coupons exposed in static steam autoclaves pick up 

approximately twice as much hydrogen as in similar refreshed autoclave 
tests, presumably due either to a hydrogen overpressure built up in the 

static autoclaves or the accumulation of a higher oxygen concentration in 
the refreshed autoclaves. 

Zircaloy in reactor service through proper control of environmental 
conditions. 

This offers hope of minimizing hydriding in 

An ultra-fine recrystallized grain size, about 0. 006 mm, has been 
produced in warmextruded Zircaloy-2 by salt bath heat treatment at 
about 1200 F and air cooling. 

Hareaus tube sample which exhibited exceptional swageability. 
This grain size is comparable to that of a 

Magnetic force welding has proven uniquely useful in preparing special 

specimens for Physics studies free of the cadmium contamination 
encountered in he li - arc welding. 

Ex-reactor, 300' C rupture tests of NPR-type fuel rods which had 

irradiated in 270 C water, showed rupture rates only one-fifth to one- 
tenth as rapid as in similar previous tests with fuel irradiated in low 
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temperature (65 C) water. 

the ex-reactor tests was, nevertheless, beneficial in minimizTg the extent 

of rupturing. 

Laboratory hydriding tests simulating the NPR stack gas system continue 
to reassure that the presence of approximately 0.1 mm of H20 vapor 

partial pressure in the NPR stack gas will effectively inhibit hydriding 
of the Zircaloy process tubes by traces of hydrogen in the gas atmosphere. 

A rapid cool-down from 300 C to 230 C during 

\! 

Two experimental hot pressed I & E fuel elements were successfully 
irradiated to 1400 MWD/T in the MTR at a power level of 140 kw/ft. 

These incorporated several refinements in this alternate process for 
production fuel fabrication. 

NPR fuel studies included development of a method of attaching iron wear 

shoes to Zircaloy fuel supports after autoclaving which appears amenable 
to mass production. 

structure of uranium by heat treatment following Be-Zr brazing of NPR 
c lo sur e s . 

Also, it appears possible to suitably refine the grain 

Investigation was continued on cooling by boiling in a K process tube 
under reactor shutdown conditions. This method of cooling appears 

feasible only under ‘very limited conditions of coolant inlet pressure and 
heat flux. 

The EGCR oxidation prototype has been cooled with air from 625 C with- 

out spontaneous combuskion of the graphite. 

,-- 

2. Chemical Research and Development 

Two liter-scale runs were completed in the hot cells testing the flowsheet 

which will be used in the Purex head-end equipment for the isolation and 

partial decontamination of a raw strontium-90 product. 
operability of the process was demonstrated, product recoveries were 

lower than expected (30 to 50 percent). 

tained no detectable barium but sufficient calcium to impair the capacity 
of the ion exchange equipment to be used for final product purification. 

Although the 

The strontium-90 product con- 

The ion exchange process for strontium-90 purification has been demon- 
strated in the laboratory. 
Control bf the pH of the EDTA eluate is critical; loss of ammonia.(for 

pH adjustment) results in the formation of precipitates in the ion 

Product purity is greater than 99 percent. 

exchange columns and subsequent equipmeqt maloperation. 

124 tt,wu r, - 
c. 

+ &.. . 
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A sample of the slag which remained in the damaged Redox multipurpose 
Dissolver after decontamination operations was found to have a com- 
position of about 72 percent iron, 9 percent chromium, 11 percent 

nickel and 8 percent uranium, and to have attained a temperature in 
excess of 1300 C at the time of the incident. 

Forty-six pounds of electrolytic U02 have been prepared this month 

via the Salt Cycle Process. 
uranium ratio of 2.04. The next 18 pounds of product, after process 

conditions were altered, had a more acceptable ratio of 2. 01. Ratios 

as low as 2.005 were obtained. 
molten salt electrolysis has survived 350 hours of operation at temp- 

eratures of 700-800 C. 

The first 28 pounds had an oxygen to 

The fused silica vessel used for the 

Construction of the hot oell equipment for Salt Cycle demonstration runs 
with irradiated fuel materials is essentially complete; cold runs have 
been initiated. Removal of fuel core by air oxidation and the subsequent 

dissolution of U308 by chlorine gas in the molten NaC1-KC1 bath has been 
successfully demonstrated. 

The pilot scale facility for treating reactor effluent water with aluminum 
turnings has been operating continuously and, after ten days, resulted 
in the removal of 52 and 42 percent of the influent Cu-64 and As-76, 
respectively. 
operation. 

Equilibrium is expected to be reached in 3 to 4 weeks of 

3. Physics and Instrument Research and Development 

In the NPR program, a compromise design Fuel Failure Monitor incor- 
porating features of both the IPD-developed system and of the HLO pro- 
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posal has been adopted as standard. 
in development of this new design. 

in the PCTR and canning of tube-in-tube fuel for exponential experiments 
is under way. 

type radiological monitors for the NPR building. 
facilitate design studies of the heat exchanger was completed. 

Consultation assistance was provided 

Testing of the NPR lattice continued 

Further satisfactory tests were completed on several proto- 

Also an analog model to 

A final hazards report has been completed for the Critical Mass Labora- 

tory and is now being printed. 

shakedown runs on the equipment began using non-fissionable material. 

The laboratory has been occupied and 

In the Non-Destructive Testing Program, a small research contract is 
being arranged with Professor W. H. Huggins of Johns Hopkins University 
whose leading work on signal theory promises to be of considerable 
assistance in the broadband eddy current studies. 

experimental equipment for the thermal bondtesting program also continued. 

Efforts to improve the 

In the Neutron Flux Monitoring program, calculations began on plutonium 

isotopic composition to give increased monitor lifetime and an hvention 

Report was filed on a possible microwave technique for neutron monitoring. 

The Gas Cooled Reactor physics program was concluded with the issuing 
-- oTthree - customer reports. 

The solution of certain difficult dosimetry problems may be aided by a 
study of small thermoluminescent dosimeters now in progress. Experi- 
mental results exceed original expectations with accurate measurements 

having been confirmed for doses from one milliroentgen up to several 

roentgens. 

Progress in completing the atmospheric dispersion program done in 

cooperation with the Air Force was marked by transmission to them of 
the IBM data reduction on all of the samples. 

Ability to treat reactor physics problems was assisted by development of 
a calculational method which gives critical masses of slightly enriched 
fuel rods in water to 10% accuracy and by measurements on the rate at 

which neutrons entering cool water from hot graphite approach equilib- 

rium with the new medium, 

In the basic data field measurements progressed on the energies follow- 
ing scattering from water of neutrons originally at 0. 27 ev. 

4. Biology 

Dams were found to contain three to six times greater concentrations of 
Zn than were found in their fetuses following administration of Zn 65 . 
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Another variable was found to affect the CsI3’/K ratio in plants. This 

was osmotic pressure that was studied by means of sodium chloride in 
the root environment. 

Biological studies on Np237 for the Paducah project (at the request of 
the AEC) progressed. 

By means of bile fistula, it appears that the diarrhea associated with GI 
irradiation injury is associated with biliary flow. 

5. Programming 

Plutonium values in an Advanced Pressurized Water Reactor were calcu- 
lated for cases of self-sustaining and non-self-sustaining recycle with 
enriched and depleted uranium. 

$16. 00 per gram of fissile plutonium with depleted uranium and from 

about $11.50 to $13.50 for the enriched uranium case. 

Preliminary cost calculations indicate that close coupled processing of 

reactor fuels within a single reactor system is not economically attrac- 

tive. 
to lower the costs to attractive levels. 

Values ranged from about $10.50 to 

1 

\ - 

Combined processing of fuel from more than one reactor is needed 

TECHNICAL AND OTHER SERVICES 

Several important analyses have been made in connection with run-to-rupture 

tests involving different self support concepts. 
in the several tests have lent support to the validity of the accelerated test program. 

Comparison between the controls 

A report was issued presenting the results of the study to determine an optimum 
supplemental crew size. 

The basic logical structure to which the process control computer being installed 

in the 2 plant will be applied, has been completed along with about 60 per cent of 
the detailed programming diagrams. 

The derivation of the time-dependent probability law for simultaneous failures 

of any fixed number of devices out of a given number of identical devices operated 
independently has been completed and an asymptotic expression which is much 

simpler, for computational purposes, than the exact expression has been obtained. 

Work continued on the formulation of a kinetic mechanism for the dissolution of 
uranium in nitric acid. The set of simultaneous equations expressing the semi- 
empirical model of the dissolver process that is compatible with available data 
have been solved, however- the particular form of the solution makes estimation 
of the Model parameters impractical, and current effort is directed toward 
expressing the solution in a more tractable form. 

< 

*c. 1 

4 i.r . 
*. 
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There were no cases of plutonium deposition confirmed during the month; thus, 
the total on record remains at 262 of which 257 occurred at HAPO. There are 

188 employees currently on the active rolls with plutonium deposition. 

There are 21 currently active projects having combined authorized funds in the 
amount of $20.. 356,000. 
All projects but seven are on or ahead of schedule. 
least 5 per cent behind schedule. 

The total estimated cost of these projects is $23, 818, 000. 
Six of these seven are at 

A program document setting forth the plan to automate the issuance, routing and 
mailing activities of the Classified Files was issued. 
project is feasible and offers an opportunity for cost reductions. 

Studies indicate that the 

SUPPORTING FUNCTIONS 

Approval was obtained for the transfer of $1, 000 fee funds from travel and 
living variation budget to conference and other expense budget. 

Expenditures and commitments for equipment for the first two months of FY 1961 
are approximately the same as for FY 1960, however, purchase requisitions 

and appropriation requests are ahead of FY 1960 by more than $100, 000 which 
should indicate a good expenditure pattern in the second and third quarters. 

The FY 1960 physical inventory of movable cataloged equipment in the custody 

of HLO resulted in (1) a shortage of 38 items valued at $8- 592 compared with 

24 missing items in FY 1959 and (2) 194 unrecorded items valued at $99,340 

compared with 32 items in the previous year. 

As of August 31, 1960,* the staff of the Hanford Laboratories totaled 1411 

employees, including 680 exempt and 731 weekly salaried. 

585 possessed technical degrees, including 353 B. S., 129 M. S., and 103 Ph. D. 
Of the total, 

The medical treatment frequency for August was 1.48 as compared with 1.97 
for the preceding month. 

during the month. 

the year to date to 23, as compared with 31 for the corresponding period last 

year. 

There were no disabling injuries or serious accidents 
There were six security violations, bringing the total for 

One Ph. D. candidate visited Richland during the month for interview. 
offers were extended and offers were accepted by an experienced Ph. D. 
botanist and an inexperienced Ph.D. chemist. 
were received during the recruiting year beginning September lj 1959~ and 

ending August 31, 1960. 

Four 

A total of ten acceptances 

Five Technical Graduates were added to the rolls, six accepted permanent 
assignment and six terminated- including four Engineering and Science Pro- 
gram members, one military leave and one temporary summer e9ployee. 

At month's end there were 78 Technical Gradu3fes2. -including four hembers 
., 
... :c.. , .' 

-, .. ,.s - 
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of the and one Technician Trainee on 

program rolls. 

The 1959-60 recruiting year officially was completed on August 31, 1960. For 
the Technical Graduate Program, 196 offers were extended and 82 acceptances 

were received. In the experienced category, 114 offers were extended, 65 

acceptances were received. 

components resulting in 18 acceptances. 
Included in this total are 28 offers for HLO 

Twenty-seven HLO exempt employees completed the second section of "Technical 

Report Writing" under the instruction of Professor E. Elliott of the University 
of Washington. 

Eighteen weekly salaried vacancies were filled during the month. 

+Manager 

Hanf or d La bo r at or i e s 

HM Parker:FWA:mlk 
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CH ATID DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

A. FISSICNAELE MATERIALS - 2000 PROGRAM 

1. METALLURGY PROGRAM 

Corrosion Studies 

Hydriding of Zircaloy-2 in Simulate1 NPR Atmosphere. Two groups of 
Zircaloy-2 samples were exposed 102 days at 300 C and 350 C in helium gas 
contaminated with 0.014 H2 and O.Ol$ CO. 
tank helium over NPR graphite at 800 C where the traces of water in the 
gas were converted to hydrogen and carbon monoxide. 
flowed over the samples at a slaw rate. 
nificant hydriding of the Zircaloy-2 samples had occurred after the first 
43 days of exposure. Likewise, the 102-day data do not conclusively show 
any hydrogen pickup. However, with due regard for scatter in the extrac- 
tion analyses, the 102-day data tend to be slightly higher in Hg coctent 
than the 42-day data, and this may indicate a slow hydriding reaction. 
This experiment is continuing, and a similar 400 C test has been initiated. 

Hydriding 3. 
vacuum-annealed ZircaLoy-2 coupons were exposed at 400 C in 10 mm partial 
pressure H2 with from 0.0001 IID~ to 23 mm water vapor added to vary the 
dewpoint. This s@tem is representative of the NPR stack gas composition 
with approximately 1% H2 and varying dewpoint temperatures from -86 C to 
+25 C. 

This gas was prepared by passing 

As reported in June 1963, no sig- 
The gas mixture 

A series of vapor-blasted, 

Two-hour data from this experiment were reported last month. The six-hour 
data confinned the earlier results, viz.: below a H20 partial pressure of 
0.1 mn the Zircaloy-2 hydrided rapidly, whereas above 0.1 mm the hydridisg 
was strongly W-ibited. Seventy-two-hour data a pH20 = 0.1 mm indicate 
hydriding is progressing at a slow but measurable rate. 
ments will be costinued to procure hydriding rate data as a function of 
temperature, H2 and H20 partial pressures, and Zircaloy surface cordition. 

In-Reactor Teit for Zircaloy Samples. 
sqles to proposed NPR stack-gas atmosphere corrditions in the reactor 
has been designed. 
as to feasibility are ic progress. 

These experi- 

A capsule for subjectirg Zircaloy 

Preliminary drawings have been made, and calculations 

Radiometallurgy Laboratory Studies 

Examination of the fou??h purposely-defected ETR rupture (Zr-2 clad uran- 
ium metal tube) revealed that water had reacted with the uranium near the 
outer can wall to a dis%ance of about one inch in each direction. 
outer cladding was badly distorted while the contour of the inner clad- 
dicg remained unchanged (RM-567). 
headed end closues was four,d to be in excellent condit,ion upon 

The 

A 2-2 clad 7-rod clilster with hot 
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exaaica5ion. 
maxim CGE Lear xe ezc cios-ues (RM-703). 
ing were foucd ic Yooth tabes of an element which nptured in KER Loop 4. 
Two ruptures were fomd ir- The imer 5ube (RM-558). 

Results and iaterpretatims of these examinations will be r2ported ic 
more detail in comection with the respective developmer,t programs served. 

The CLLy defects vere slight bumpkg m-3. a few cracks in the 
Severe hydriding ad crack- 

Basic Ntailurgy Studies 

&chartical md Physical Properties of Materials. 
zircoci-sun - 2 a/o Sn - 2 a/o NI: alloy for fuel elemzt qplic-ations has 
continued. 
and quenched conditioc are beil=g determined. 
950 C, the alloy has a tensile strength of 86,500 psi at 300 C. 
qGenched specimens broke oxt of ';he gauge sectiors so elongatiorr to fracture 
could zot Se determked. 
ma-3eria.l. 
ductility. 

The properties of zircozlium - 2 a/o Nb - 2 a/o Sn as affected by heat 
treatment in the teaperatme range 650 to 750 C are importan'; in evall=- 
ating the extent to which this alloy could inprove the Ferfornrasce of 
zirconium fuel elemnt cladding, sbce this is the range of temperature 
in which finall fuel elemct heat treatment will be performed. 

The evaluatior of 

We eleva3ed teilsile properties of this alloy -ia the amealed 
After vater queccLizig from 

Water 

The fractwes appeared to be typical of a brittle 

These tests also show good dwsility for the quenched material. 
Ezichsez cup tests on the anrzeaied alloy demonstrate excellent 

Li%tle hrudecing is observed for oil TLenching fromtemperatures below 
750 C. 
to 600, 550, 700, and 450 C fer tims up to 1500 miautes. Below 500 C 
the softening rzte is very slow. 

Electron and Optical Microscopy. The study of the microstructure of clad- 
ding and fuel material after irradiation is a direct way of detecting rad- 
iation damage in these materials. 
electron microsccpy offer advantages, since radioactivity is a minimum. 
Thh films of evaporated uraz=ium dioxf2.s ucdergo considerable ckmge in 
both norphology and crystallinity as a function of irradiation. An ex- 
pe:riment wa.s perforxed to detedae whether vaporization and condensation 
of uranium dioxide occurs during irradiation of approximately 100 R thick 
films. 
a distance of me mm from a 100 8 tkick uranium dioxide film during an 
irradiation period which resulted in an exposure of approximately 4 x 1$ 
nVt (thermal.). 
filled capsule revealed the presence of rosettes which had diaters as 
large as five microns. 
rosettes yielded interplanar spacings of 2.012 and 1.723 8, which compare 
quite favorably with UqOg (1.99 and lmL71. 8). 
evacuated capsule, kow&er, does mt yield deposited rosettes, but ir,- 

Coupons of tbe allay oil quenched from 770 C have been reheated 

Thin films acd foils sixitable for 

A 200 8 tMck carbor, sGbs+,rat.e, the collector, was positioned at 

8 
ExamirLation of the carbm collector taken from %LIL air 

Electror diffraction patterns of these deposited 

A similar exposure in an 

marly very 6ense p&,icles having a maxim diaab%t,er of aFproxiIrately 
400 SteT! are sbseived. Eiectro,r, diffraction analysis of these parbicles 
identifies +,hem as urazium dioxide. 



A- 3 

Attempts at prepariz~s thin mdxilic films cf chemicdly reacTim. aetals for 
subsequent irradia%icxzs have continued. h- evaporation chamber cortaiclng 
a movable, water-coaled anode and a self-biased electrm gun has been con- 
structed. Uranium at the ead of a 1/8" diameter rod is superheated by the 
impinging electrons and evaporates at hi& rates. 
fashion have been formed on carbon substrates an3 coated with evaporated 
U03 at pressures of 10-6 mm of a. 
U@ rather thm uranium upon examination by electrcn diffraction. Other 
suitable covering layers which may inhibit oxidatiorr of the uranium are 
being investigated. 

Films prepared in this 

In each inBtance the sandwich contains 

h-oductioli Test IP-346-0, HAPO-243, covering irradiation of thin foils of 
reactor fuel, fuel cladding, and reactor structural materials in the 4B 
Snout Facility at lo5 KW has been approved. 
and capsae hol3er required for the proposed irradiations is being con- 
structed. Half-inch diameter foils of various mazerials azld histories are 
being prepared. 

A prstatype special capsule 

Two articles entitled "Fission F'ragmerit Damage in Non-fissionable !Thin 
Films," and "Damage ir. U02 Films and Particles During Reactor Irradiatior," 
have been submitted to the Journal of Applied Physics for publication. 

Solid State Reactions. 
szudy the 'effects of radiation on non-fissionable materials. 
during annealicg of highly irradiated (5 x 1019 ~vt) molybdenum is cur- 
rently being investigated. Isochronal anneals of irradiated molybdenum 
have been carried out to 1000 C, and the chanses ic x-ray line profile and 
lattice parameter recorded. 
molybdenum are being carried out for comparison, changes in lice shape and 
position being recorded in the same manner as for irradiated material. 
Additional samples of highly annealed and of ten pexwt, 20 percect, 40 
percent cold worked mclybdenum are being prepared for irradiatior,. These 
samples are intended for a comprehensive analytical study of line shapes 

by Fourier methods, with emphasis upon the annealing behavior. A supple- 
mer;tal study of single-crystdl molybderm has also begun. 
single c-ystals are being examined to dete-rmiEe their crystal orierztatix 
and quality. 

X-ray diffractior, techniques are being used to 
The behavior 

Concurrent anneals of 30 percent cold-rolled 

Available 

Tubular Ebel ELeIllents. 
fourth ETR izten$ional mpture test piece. 
size outer tube with the defect on the outer slurface. 
the defect showed eviderrce of accelerated corrosion at+,ack along the niter 
bond layer. 

Further radiometsLlcrgy work has beer: uone or- the 

SectioLing th?ough 
The TZSS eiernezt was a KER- 

A KER fube/tube fuel rlenerh with urariim - CJm percent zircmium core 
failed in April after 1250 MWIj/T. 

erxichec? to 1 -6C percer;t in order to approach NPR -,hem& conditiom . 
Duing 2dy ~ke cause cf the failure was shorn to be hot s~ofvs resultia; 
from warpirkg nf she imer ccmporiect 

The elemezt was 36 inches loq z-6 was 

CiaddLng pece+.rsticrA had ocarrd a: 
. .-. . 
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both hot spots. At the upstream zmi of +,he element the diamel;er of tke 
mer tube had ircressed (3.323 inch. 
area shared radial crac-ls in the core and a large Ember of r,onmetaLlic 
inclusions ir, the urani-~.?. The clad in this area was extremely unifcm 
and did cct show ary plastic instability. 
taken by the clad is much greater than the small strains observed ir, rod 
cluster elemefits exposed to 2OOO-25OO MWD/T. 

Production of test fuel elements from FPD extrusions began during the 
month. Twenty elements of NPR irner tube size are in process, ten of 
which have 0.020 inch clad on the inner and outer surfaces, and ten of 
which have 0.030 inch clad on the outer surface and 0.020 inch clad on 
the imer surface. . 

A metalbgraphic section of this 

The uniform two percezt strain 

Fuzzer experiments with colrrponerk treatment to promote bonding betveen 
the Zircaloy cap-ring and the uranium in the "Extrusion-Closure" process ' 

were carried out. The interposed shim of nickel, which in the last issue 
was reported as appareatly bonded, was found to be infirmly attached to 
both uranium and Zircaloy. 
time were too low to bring about appreciable diffusion at the icterfaces. 
In another trail, a shim of Armco iron with a21 AlSi overlay was inter- 
posed, the iron face next to the uranium. After pressing atN650 C, the 
iron was fomd to be attacked to the uranium and the AlSi seemed to have 
wet the Zircaloy, but the AlSi/Fe bond was poor. This trouble, hcwever, 
can be remedied. Desirably, the closure should be =de at a tenrperatdre 
TJithin the alpha-phase of the uranium ((660 C) to avoid uranium struc- 
tures leading to distortion during irradiation, and for this puzzose AlSi 
is ideal. 
temperature slightly above its melting point, but Ucoa m6 (a - 10 si - 
4 Cu) does not; the Al diffusion is apparently inhibited by the presence 
of Cu. 
with uranium. 
pyrophoric alloy with wmiium, and thus is not suited for brazing. 
Present indications are that a Zircaloy cap preclad with iron 02 3k.e face, 
either by diffusion bonding or by brazing with AlSi or other brazirg 
material, may lead to success in the extzusim closure process. 
plating on the urcium is another possibility. 
mediocre success, but the procedure is inwieldy and not readily adaptable 
to a production process. 

Evidently the temperature acd/or presskg 

Plain AlSi was found to diffuse rapidly into Wrcaloy at a 

An experiment was tried to see if this alloy behaved similarly 
Unfortunately, Alcoa m6 was found to form a Cpittle, 

Ln3c 
This has beec tyid with 

Two BeZirc brazed NPR inner fuel elements were loaded into KER LOOT 2, 
together with five other pieces including two defected pieces, at 
6:oo AM on August 4, 1960. 
placed in Zircaloy sleeves. 
Loop 2 was strong enough to sera the reactor and cause discharge of the 
tube. Examination in the basin did r,ot rexal an obvious failure in the 
brazed pieces. 
further examinat ion. 

These elements were 18 inches long and were 
At 8:3O PM on August 7: 1960, activity in 

These elements are beicg removed to Radiometallurgy for 

me1 for Besent Reactors. 
ments completed a goal exposure of approximately 1400 W/T ir- the GEH-l' 

Ca Jcly li, 1960, two hot pressed fuel de- 
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facilit,y of the Mn= 
questionable bekavicr. 
for further examkation. 

These elener,ts shoved EO sign of failure or otker 
They are now ic Radiometallur,gy being prepared 

Componezt Fabrication. A nethod has been developed for attachin3 iron 
wear shoes to Zirc&.loy-2 fuel element supports after the element, in- 
cluding supports, has been autoclaved. The Zircaloy-2 supports adre of 
the "Suitcase Hmdle" configuration and are 0.150 by 0.055 inch in cross- 
section. The iron wear shoes were blanked from 0.010 ixh shim stock. 
The inner blanks are formed into a channel which is wrapped around the 
Zircaloy-2 stlpport by a crimping tool. 
inch wide supports as well. 

This method is adap*able to 1/4 

A test was completed that compared the uranium stmctures developed by 
beta heat treating prior and subsequent to brazing for end closure. NPR 
inner tube stock was brazPd with Zr-Be, Zr-Fe-Be, and Zr-Cu-Be brazes at 
both ends of six-inch long sections before and after salt bath heat 
treatment. 
730 C, ten-secord air delay and oil quenching. 
finement was obtained by beta treating the brazed structure. 
sections indicated a heat affected zone extending approximately 1-1/4 
inch from the cap-uranium-interface containing extremely large, loagi- 
tudinal columnar grains. 
ficiently refined this structure for reactor operation. 

Beta treatment, consisted of holding in NUS& ten minutes at 

As-brazed 
A pronounced grain re- 

The heat treatment following brazing has suf- 

Closure and Joinin&. 
ceived from Oregon bktallurgical Corp. 
4 w/o Be + 12 w/o Fe and Zry-2 + 4 W/O Be + 14 w/o Cu. Some of the 
material was reduced to 20 mesh powder and used to braze some small 
fuel sections. The iron alloy was brazed at 950 C. This represezted 
a drop in nearly 1OC C in brazing temperature; also, the brazing time 
was reduced from two to one minute. 
asnbrazed and welded conditions showed a black, glossy autoclave film 
over the weld regioo, which looked like that on the Zircaloy jacket. 
The copper alloy was also brazed at 950 C, but was extremely fluid 
icdicating that a lower bra2iE.g temperatme is possible. The autoclave 
film was not as tenacious as the iron aliioy and had a definite red color, 
probably due to cuprous oxide. 

Two shipments of new brazing alloys have been re- 
These alloys were Zry-2 + 

Autoclaved samples in b&h the 

Several brazed fuel e1emec.t autoclave ruptures have caused some concernA. 
This material was brazed wi3h BeZirc turnings, made by machining a bar 
forming chips. In each case rupture appeared to start at the base of 
the cap thou& the jacket. During brazing extreme gas evclutior, was 
observed. Brtlze material which was vacuum outgassed appeared to have 
better corrosion resistance. Gas analyses of the braze material have 
rot been comple-ced. 

A decision was made tc braze the next production test witt the irm &llOjr. 

This test w-Ll be with KER inner and outer material with a 1.6 pexent 
enriched warAium care alloyed with two w!o zirconi-an. 
based on several poir-ts . 

Tne ciecizier- TWS 

Firs+, , the lewer rneltirg point of ths alloy ad 
P '. 

: 
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Aa MCR test. GEH-L-TT, 58, is beir,g prepre2 tc C,es', tL3 ir-tc;g-Lty cf 
the ian alloy braze3 clsaw. Els zes; sk;uid ke qLit9 seve5 

the high pmer gereratim and im fml surface teqemtueJ 
tube material is being used. 
other braze alloy coccepts. 

to 

char expe=.imr;c,; are piarx..?I $0 test the 
NF3 :rrgr 

Attempts are Sei% mule to close caemruied Zircaloy-2 clad crziun KER- 
size rcds by pojection weldiz?g 2 2ircalc-y-2 cap directly ;?so t?.e z.3- 
jected c1addiLg riEg pavided by acid mi1lir.g cka xrar,i:a froa tte eri a3f 

tke rods. 
of the avaUa3le spct welding machine is cot s;ifficiez+ to tcs+ +,4? cxcept 
or4 tubular elemexxs. 
the same as required f;: the hot kaded pmjectiE welde1 closure. 

This concept is 3eiq iritially tried on r%k as $?=e capacitZF 

T%e pawer reqired is eqected to be approximzely 

The pressure wiii be maintaisid on the cap azd the power cxtimed for 
several cycles a.f'te=. the initial projectioc welvded closure ir- as_ effo?3 
to resistance braze the cap to the uranium. 
inch) layer of braze material wouid be placed betwem the cap ad t!c=,? 
recessed uranium. 
between the flat bottom of the cap ar,d the uzacium which will clcse when 
the cap settles from the kitial pszjecticz weld. alLcwing contact through 
the braze material iato the uzacium core. The additional cycles of F~W~Z 

would then braze th? cap to thz uracim. 

A iezy tkic (3.G03 tc O.O& 

A space (0.025 to O.O3G icck) is initiaLy prcvide.i 

The efforts +Jo date have been to obtain tke proper coKditics fw ths 
icitial weld between the clad and the cap with no particular eff?*- 
being made to braze the cap '50 the urarrium. The resdts to date have 
bee= promis- and nth a reliable illitid projectis. wald., 
will be made t.c kraze tb,e cap to tkfis uzzium using one of the Zircdsy-2 - 
Be E -,his closiue a?pears feasible fx rads, tke cxceFt 
will be tcsted on tub-dar elemerits wit2 s 1xrge.P weldiw macLir,~. 

att2q-t 

braze alloys. 

Acid Icllliw of 'u' - 2 w/o Zr allsy material in the aa-e-ct~~Ze3 cmiitior. 
was fomd to 'ce qdte slcw. Ukg rates of less tkac or?-hzif ~121 per 
&Gte were achieved UsiLg 37 percerit HC; s~:liltiofi at rsom te3rprrar'ce. 
Mill- rates izcreased to abat eight zils per minrrte -qcn LeatiLg the 
acid to 65 C accarpmied with severe mdercut,$iPG alcrg '-k clad wd. 

Twelve inner and Izir,e outer =-size, 7 - 2 w/o 
stock material, 17 bxhes long were recesse3 for brazed erl closLrc; 
material to be irradiated under Productia. %s% 334-A. 
tool breakage problem in mackir,ir@;, tlre pieces were first cheaical;g 
milled to a riominal depth of 0.2CO ixh , ther- machiL2d tc the minimum 
reqviired depth cf Os3CO inch, fcl.bwed Sy fur"her chzmicai milii~g just 
tc assme clean cladding walls. Tke stock material was giver. a 73C C, 
five-micute 
However, prior to millixg? the Fleccs were subjected to a 60~ C reheat 
for apprcximately 3s nir,utss &zing a r,ecessary straig%tx.ic-g Dpezatior,. 

1.6 pescenz erzicke3. 

Becailse gf a ?dgk 

water querch %ac, tseatnezf cc faxr rqid acid milikg. 

, ., . .. 



Allied Fuel Studies. In a series of in-reactor swelliag experiments 
using Zircaloy-2 clad uranium fuel rods, five rods incurred cladding 
failures durirsg irradiation. Four of the failures occurred in 0.020 
inch clad rods, and one is in a 0.030 inch clad rod. The latter failure 
vas brittle in character. 
and one unfailed rod for each nominal cladding thickness revealed no 
obvious differences in cladding thickness variations which would suggest 
vhy one failed and the other did not. 
shows evidence that necking of the cladding has started. Thichess in 
the necked area is 0.012 inch. Thickness of the cladding at the point 
of failure and at a necked area on the 0.020 inch failed rod is 0.008 and 
0.009 inch, respectively. 
failed 0.030 inch clad rod is 0.020 inch. 
on the 0.030 inch failed rod the clad thickness is 0.025 inch, and less 
than 1/32 inch from the failure the clad thickness is approximately 0.020 
inch. It is probable that the failure was initiated in a thin section in 
the cladding located at mother point 1onGitudinally along the rod. 
Another series of capsule irradiations of Zircaloy-2 clad rods is being 
designed to help establish limits on allowable cladding thickness vari- 
ations. 

A metallographic examination of one failed 

The unfailed 0.020 inch clad rod 

The thinnest point in the cladding of the un- 
However, at the point of failure 

Five swelling capsules, GEEI-4-98, 14-99, 14-101, 14-104, and 14-105, are 
presently being irradiated in the MJX with god. exposures in the range 
2OOO-25OO WD/T. 
the fuel rods in these capsules through MCR cycle 142 are, respectively, 
1680, 450, U45, 1602, and 2710 W/T, and 500, 290, 450, 600, 335 C. 
Two swelling capsules, GEH-14-97 and 14-103, are now awaiting examination 
at the Radiometallurgy Operation. Volume changes, as determined fromtwo 
Zircaloy clad fuel rods irradiated in NaK capsules in Hanford reactors 
indicate that at volume average uranium temperatures up to 425 C the 
uranium is swelling at a rate of eiaht percent per atom percent burnup 
of the f'uel. 

Exposures and average center uranium temperatures for 

A second thermocoupled fuel rod was charged into KER Loop 1 on August 4, 
1960, and operated successfully until the reactor was shut down on 
August 19. During the shutdown Loop 1 was decontaminated as part of the 
program to determine whether crud depositior, would be enhanced as a result 
of the decontamination. Approximately 24 hours after the reactor starxed 
up, the thermocoupled fuel rod failed, terminating the test. Five minctes 
before the reactor was scranmed the two thermocouples located at the fuei- 
clad interface shoved a temperature drop of several degrees and the= 
showed fluctuating temperatures uctil the reactor scrammed. 
the failure has not been established. 

. 

The cause of 

The first thermocoupled fuel rod which was discharged from XER Loop 1 in 
July has been visually examined in a Radiometallurgy cell. 
of failure was found. It now appears that one of the tubular elements 
which were charged with the thermocoupled rod vas probably responsible 
for termination of this test. 

No evidence 

4 
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Cold rolled steel fuel element self-supports vere fabricated for irradia- 
tion testing on elenmts in a KER loop. 
was used to increase the crushing strength and the elastic deflection 
range of the self-supports. 
test elemer,ts to determine their performance under NPR conditions and to 
determine how well the steel supports slide through the Zircaloy-2 process 
tube. 

Cold work (65% reduction in area) 

Sets of these supports will be attached to 

A mgthod now being developed to attach steel supports to zirconiun jacketed 
material consists of: spot welding 1/16 inch high by 1/8 inch diameter 
studs to the jacket; pickling and autoclaving the fuel element; placing 
the support over the studs so that the studs project khrough counter sunk 
holes in the tabs of the support; and warm upsetting of the studs to produce 
a flush riveted connection. 

Inven%ion report m-56546 was written describing a clip for lockiq an MPR 
inner tube to the outer tube. 
and clips will be tested on elements exposed in the KER loop. 

Fuel element jacket burst tests were made on coextruded Zircaloy-2 jackets 
under nearly uniaxial hoop stress conditions. The fractures obtained dis- 
played localized necking similar in appearance to SOE of the jack& 
failures on irradiated fuel. Equipment was made for burst testing of 
Zircaloy tubes at various ratios of tangential (hoop) to longitudinal 
stress in order to further investigate the mode of failure of unirradiated 
coextnded jacket material and the cause of localized necking in preference 
to uniform elongation. 

Irradiated Zircaloy-clad fuel elements have exhibited localized necking 
of the cladding with little associated uniform deformation of the cladding. 
This phenomenon is a form of a plastic instability. 
relations in terms of true stress-strain curves have been obtained for 
tensile specimns, thic-walled pressure tubes, and sheets under one to 
one-half and oce to one ratio of biaxial stresses. 
bility can OCCP with sheets initially of uniform thickness. For a 

material with a sharp break in the stress-strain curve, such as occurs ir, 

i-madiated Zircalay, the ustable stress value does not vary greatly with 
biaxiality. 
ecing have rot been iccluded in analyses. 
cluded ir, a model based on secondary creep rates. 

Dies for making these clips are on order 

Plastic instability 

In all cases, insta- 

Tk;e effect, of transverse stresses which cause notch strength- 
This effect will have ts be irL- 

&taJ-lurgical Development. 
sections were placed ir, the ELMO-7 loop on April 26, 1960. 
hours, oae of the unwelded pieces had ruptured. 
was a pinhole in the braze zone. 
the loop and r?z? an additional 333 hours, for a total exposure of 485 Izocs. 
All of the unwelded specimens were removed from further testing due fo 
appearance of porosity along the braze zone. 
appeared sound with a tightly adhering corrosion product on the ireid. 
These elements were returned to the loop ad run an additional 8% k,xrs 
for a total of 1286 hours of expos-ue . 

Six BeZirc-brazed KER outer fuel element 
After 152 

The cause for failure 
The remaining elements were returned to 

Both of the welded specimens 

A very heavy, trhite, loose 
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co:rrosior, product had formed over the braze region. This product readily 
flaked off. The operating cor-di+-iocs 

were 572 F (300 C) water adjusted to pH 10.0 with LiOH and run at 1600 pi. 
Tests now in progress involve thermal cycling NPR inner tubes xhich were 
brazed with the BeZirc alloy. 

Facilities and Equipment. 
making consumable, nonconsumable, and skull castings of reactive and re- 
fractory metals is 95 percent complete. 
a six-inch diasreter by 240-pound uranium ingot. 
uranium iagot (50-lb) was made on July 23. 
14 minutes, arc amperage was varied between 2600 and 4000 amps, ad the 
vacuum duriri the consumable melt was approximately two microns. Three 

additional zirconium test heats are scheduled with estimated completioxi OE 
or before August 31. 

Analyses have not yet been obtaii-ied. 

Installation of a combination fuzcace capable of 

This fmace is capable of melting 
The first successful 

Melting time was approximately 

Equipment has been developed which records the exterior diameter acd warp 
of cylindrical fuel elelnents. 
si@d for the ordinate as a diameter or radial displacement aod a helipot 
provides the signal for the angle of rotation of the fuel element. .These 
signals have been successfully recorded on a Wsley x-y recorde, 7 while a 

fuel element was rotated on a lathe. 
for our next experimental reactor fuel element charge. 

Lineax differential transformers provide the 

Masurements of this type are plamed 

REACTOR PROGRAM 

Coolant Systems Developnaent 

Decontamination of Present Reactors. 
present reactors have been tested during the past month: 
(b) Turco 4518, and (c) a mixture of sulfuric and oxalic acids with an 
inhibitor. The cyclic testing procedure consisted of exposure to 130 C 
process water in the 1706 KE Single-Pass hckup Facility for 156 hours9 
folluwed by 30-minute flush with one of the decontaminatkg solutions. 
separate mockup systemwas used for each solution, with a fourth system 
used as a control. 
sulfuric-oxalic acids were conducted at a cominal temperature of 70 Cg 
while the Turco 4306 B treatment was at 50 C. Six complete cycles were 
performed with each solution. The attack on aluminum was approximately 
the same for all solutions, with Wco 4306 B being the most corrosive. 
Turco 4306 B was also much more corrosive to Zircaloy-2,'twekaging 0.6 mil/ 
cycle; whereas the corrosion of Zircaloy-2 by the other solutions was on 
the order of 0.03 mil/cycle. 
excessively corrosive to carbon steel, averaging 0.75 mil/cycle . 
Corrosion Dihibitor Tests. A test to determine whether quachrom glucoaate 
will inhibit aluminum corrosion in filtered process water has beer, starfeal 
io the Single Pass Mockup Tubes, emplcying concentsatioLs of 1.8 and 0.17 
ppm quachrom glucosate, plus a control test with 1.8 ppm sodium dichcmate. 
The 1.8 ppm quachrom glucosate concentraticn was chasen to be she same. as 
the present process water sodium dichromate concentration, ar,d the 0.17 ppn 

Three solutions for decontamhating 
(a) Turco 4306 B, 

A 

The treatments with Turco 4518 and with the inhibited 

The inixture of sulfu-ic and oxalic acids was 
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concentratian was c>..o;en because this coxentration results ir, a chemical 
cost competitive with 1.8 ppm sodium dicnromafe. One discharge after one 

week of exposure Gas been made, but weigkt loss data are not yet available. 
Visual observation indicated the samples inhibited with quachrom glucosate 
vere lighter in color. 
charged to obtaia carbon steel corrosion data. 

Rust Removal. 
inhibitor in sulfuric acid solution recommends a Rodine concentration of 
1/4 to 1/2 percent by volwne of the amount of 1008 acid in solution. In 
contrast, HAP0 usage has always been one-half to one percent by volume of 
the total amount af lo$ acid solution. 
rodine 82 concentration in the 16 acid solution than is normally recom- 
mended for descaling purposes. To determine the required Rodine concentra- 
tion, carbon steel coupons were exposed for 60 hours in lC$ by volume sul- 
furic acid solutions with Rodine 82 concentrations of O.$, 0.18, and 0.05$ 
of the total volume. 
1.95, and 4.05 mils, respectively. The coupons in the two lower inhibitor 
concentration solutions were covered with many hydrogen blisters and pits. 
The coupons in the one-half percent Rodine 82 inhibited solution did not 
have any blisters or pits. On this basis .it is recommended that Rodine 82 

be used at one-half percent of the total solution volume for all future 
descaling applicaticm. 

Replacement samples of A-212 carbon steel we,- 

Trade literature for the use of Rodine 82 as a corrosion 

This is a factor of 10 higher 

At the end of this time the penetrations were 0.15, 

Palladium Hydrogen Detector. A palladium hydrogen detection device was 
calibrated in an ex-reactor loop with neutral water at 250 C, 1500 psi. 
A linear calibration curve was obtained over a range of hydrogen concen- 
trations between 16 and 160 cc/liter. 
mbutes to reach 95s of equilibrium, compared with seven minutes in prev- 
ious tests at 300 C. 
installed in the IRP. 
tained with the hydrogen detector were quite comparable to those from 
radiation instruments in following the rupture progression, except that 
the start of the rupture vas not as well-defined by the hydrogen detector. 
llfnis resulted because the detector is somewhat teqerature dependent a.cB 
in this test the water temperature was reduced immediately after ruptre 
detection. 
in KER-1. 

The detector required about ten 

One of the recently completed detectors has Seen 
From one rupture test in the IRP, the results ob- 

Another hydrogen detector is being fabricated for installstioc 

Pitting of Stellites by Alkaline Permanganate. Photomicrographs shmed 
extensive chemical pitting of Haynes Alloy 41 after six two-hour treat- 
ments in the laboratory in alkaline permanganate solutions. 
varied but reached a maximum depth of four to five mils. 
showed the same type of selective chemical attack with pits of the sm 
mqpitude . 

The pits 
Colmonoy 6 

Samples of Stellite 6 and 12 were treated in the laboratory for six two- 
hour cycles in the 18-3 alkaline pe-rmar~anate inhibited with vzrious 
amowlts of l-pGenyl-2-thio~rea. The results are given below: 



'I!?x--znocoiFl% Shg, To esr:tin?ie ?he st~dy of zmd buildup 3n fk*el ele~~s, 
a secc~zd tlcermcouple si!g was ck1arge.l. ia Kl3.R Lcop 1 02 Augus~ k +: r?Flace 
the '3r-e vhich tad been aischarged Juiy 7, fsilowbg a rqnire irdicatioc. 
The t5esmocouple s1-q is s sirgle rod, _c.OO inch lizmetsr by 12 ir!.ckes lor4, 
cf na-kuzal urar,iun clad iz coextruded 2G-mil 'Zr-2. 
located a; +he center-line, two just -m&s tke ci.adAiri& ad C,wa in the aci- 
JaceL2 water. 
peak flux. Fow, 24-inch, natural ai 0110 18-k~h~ emichd cuter %bes zf 
ICER tube-and-tube elements were included in the char@ as dowicst r5z.i-L Lc-aze :: 
el€meCts. 
texqemture cf 285 C. 
agreed well with caparable thermocouples in the previcus themcoupk 9-q" 

August 19-20, with %he -%sl 111 place. 

me zhenxofiple is 

The themcouple slsg vas positiocel just iicvzstream cf the 

Ee loop was ol;ersted at pH 10 LiOH vi%k a maximm oktl?r 
All five thermocouples indicatsd tEtmperatiirec! wkxk 

was no icdicatior, cf cz-d buildup. The loop was decol=tldcs+fd 
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Test 7. 
conditions, the relative activity levels were 37 R/hr (wt. loss 183 gm) 
for the normal and one R/hr (wt. loss approx. 4 gm) for the modified 
cool-down. 
modified cool-down in NPR if shutdown is the result of a rupture. 

It is interesting to compare Tests 4 and 5 with Tests 6 and 7, which were 
identical. except that the rods were irradiated at different temperatures. 
Tests 4 and 5 used Kw through-hole irradiated pieces (2400 m/T at about 
65 C) and Tests 6 and 7 used KED irradiated pieces (2400 W/T at 270 C). 
The low temperature pieces ruptured much more severely than the high 
temperature pieces. 
"hot" irradiated rods, the "hot" performed better by ratios of 37 to 6 
and 6 to 0.4. 
pieces was reqonsible for the difference. 

All fuel pieces had received severe thermal shock in previous reactor tests 
which probably accounts for some of the uranium cracks. 
pieces were part of a cluster used in the third ETR tests and Tests 6 and 
7 pieces were part of a charge which ruptured in KER. In both cases very 
rapid cool-dawns were employed. 

In two pre13ous tests, 4 and 5, which were rusi under the same 

These tests show a strong incentive to adopt the more rapid, 

Comparing equivalent tests of ltcold" irradiated and 

It appears that more severe uranium cracking in the "cold" 

Tests 4 and 5 

Structural hterials Development 

NPR Zircaloy Process Tubes. 
the NPR process tubes has been tightened such that no finished tube may 
contain a defect whose greatest dinension is more than 0.050 inch. Tubes 
received from both vendors have been radiographed at IlApo and the results 
interpreted in the light of the new specification. 
inspection would reject nine out of 21 Chase Brass tubes and five out of 
27 from Allegheny Ludlum. 
ments, the as-welded joints will be inspected to a closer tolerance than 
fomrly. 
tion of the tube axis during cold working. Both vendors will be allowed 
voids in the as-welded joints, up to 0.050 inch in the circumferential 
direction. 
two vendors, Chase will be allowed 0.040 inch axially and Allegheny 
0.035 inch. 

In order to help improve the quality and reproducibility of the radiographs 
produced by the vendors, radiographic standard has been prepared at HAP0 
from a sectim of NPR extrusion. 
been generated in this piece, and it has been radiographed at Hanford to 
establish the exposure factors which reveal the defects to best advantage. 
The standard has been sent to Chase Brass to aid in developing a technique 
which duplicates Hanford results. 
ment over previous practice. 

The radiographic specification for welds in 

This more rigorous 

To prevent this degree of loss on future ship- 

It has been demonstrated that a defect elongates in the direc- 

Because of the different amounts of cold work employed by the 

Voids of laown size and location have 

Their first exposures show an improve- 



A-14 

Nom talli c Mate rials De vel opment 

Graphite Burnout Monitoriq. 
on August 8, after 426 operating days. 
shared an average weight gain of 0.01% per 1000 operating days, while 
samples from the front and central sections showed average losses of 0.68% 
and 1.s) respectively. This is an example of graphite inass transfer 
within a process channel. 
dark deposits on some of the samples. 

Burnout samples were discharged from 3478-D 
Samples near the rear gun barrel 

Carbon suboxide decomposition was evidenced by 

Hot Test Hole Irradiations. Eight hundred graphite samples were charged 
into hot test hole facilities (500 to 600 C) at C and ICE Reactors, in- 
cluding NPR reflector graphites, previously-irradiated reactor grade and 
experimental graphites, and many new experimental graphites. 

New Compression Test. Two sample boats, each containing 15 NPR graphite 
samples, were charged in 2C at KW Reactor on August 9. Boat No. 1, with 

five samples under 136 to 161 psi stress, will be discharged for examin- 
ation after approximately one month. Boat No. 2, holding five samples 

under 128 to 140 psi, will be irradiated for approximately six months. 
Four additional compression boats are being prepared for in-reactor and 
four boats for ex-reactor testing. 

NPR Graphite hkasurements. 
four bars of AGOII-LS made by National Carbon Company and four bars of 
GLC-Rl from Great Lakes Carbon Company. 
The samples were cut as a parallel section of a fWl bar and measured 
4" x 4" x 5". 
The following table summarizes the results of this ex-reactor test. 

Eight compressive test samples were taken from 

These are NPR reflector graphites. 

The 4" x 4" face was loaded during the compressive test. 

Graphite Source 

Great Lakes Carbon Corp. 

National Carbon Company 

Average 

Standard Deviation 

Transverse Compressive 
Breaking Strength 

lb/sq in 

3975 
2812 

5 038 
4775 

3375 
3275 
2906 
4000 

3770 

2 229 

(*Deflection just prior to breaking.) 

4, , 

Deflection*, 
inches 

0.oog 
0.006 
0.013 
0.011 

0.0085 
0.006 
0.0085 
0.010 

0.009 

,. . -. . 
I ., 

,. 



NPR Reflector Graphite Irradiation. 
containing NPR reflector graphite has been completed and will be in- 
stalled in the N-5 corner of the ETR during the Cycle 32 shutdom. 
holder was attached to the capsule so that flux monitors can be inserted 
and removed while the experiment is in the reactor. 
using bare and cadmium-covered Ni and Co-AI. wires are being made in N-5 
and N-14 during Cycle 31. 

The GEH 13-5 experimental capsule 

A 

Flux measurements 

Thermal Hydr aulic Studies 

Heat Transfer Experiments Pertaining to Present Production Reactors. 
experimental boiling burnout data were obtained with a test section de- 
signed to study the effects on heat transfer of the eccentric positioning 
of fuel elemects vithin a process tube. The test section was two feet in 
length ad had a cooling annulus similar to that formed by the I & E fuel 
elements in a K process tube. Two runs were made with the heated sectioE 
positioned concentrically with an annulus of 0.113 inches, and two runs 
were mde with the top of the annulus reduced to 0.028 or 75$ eccentric. 
Tne results are as follows : 

Some 

Flow t in Burnout 
Run (gpm) OF ggi Subcooling Eccentricity 

(OF 1 
- - 
1 22.3 at 196 1.2x106 24 0 
2 22.3 at 196 1.6xl06 0 0 

22.6 at 196 0.47~106 71 75$ 
75$ 4 23.1 at 233 0. 47X106 35 ? 

3 

Burnout originated oc the top of the rod 2-1/2 inches from the downstream 
end of the heated section in Run 1, while in Run 2 burnout occnzed 90 
degrees from the top and one-half inch from the downstream end. 
surface temperature rise showed up ooly at the three-inch position in 
Run 3 but occurred at the one, two, and three-inch position for Run 4. 

Two test sections were destroyed during these experiments so the quantity 
of data is small. However, even with these limited data points, the re- 
sults indicate that a large decrease in boiling burnout heat flux is en- 
countered with eccentric positioning of fuel elemenCs within a process 
tube. It. is thwght possible that such a mechanism is respozsible for 
"hot spot" ruptcres of fuel elenents. 

Cooling by Boiling Fxpzriments. 
especially following a loss of pumping power, a questior, exists as to 
whether the Hanford reactors could be adequately cooled during boiling of 
the codant in the precess tubes. 
heat trasfer laboratory with the use of a test section simulating a 
charge of K IacE fuel elemen-ks in a full lerrgth process tube. 

With the rear header at atmospheric pressure a head tank pressure of 
6.8 psig was applied to the front header. 
keazer 1-od power vas brought up to FQ KW vith an out3et tGqerature of 

E-umoucU 

During reactor shutdom conditions and 

'This problem was studied briefly in thz 

Uzcler these conditions the 
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175 F. 
place in the tube. 
ing had comenced, the pressure was reapplied. 
decreased but the exit temperatures remained at saturation indicating 
the system was operating at reduced flow in the stable boiling region of 
the 50 KJJ tube demand curve. 
uration temperature in the downstream portion of the tube with two therno- 
couples showing a cyclic break into and out of filmboiling. 

The tube power was then boosted to 55 KW and the surface temperatures in- 
creased slowly into film boiling conditions. 
not reached. When surface temperatures reached approximately E50 F and 
the tube outlet steam was superheated above 600 F, the power was reduced 
to 50 KW again. After oper- 
ating under these cmditions the temperatures had decreased only slightly, 
approximately 50 F, in a half hour and there was no real indication of 
returning to the original 50 KW condition. 
about 45 KW and the system completely recovered in 5-10 minutes. 

The results of this experiment can not be immediately applied to the 
reactor for the following reason. 
mately 20 percent of the heat is generated in the graphite and in 
addition, depending upon the graphite temperature, sensible heat is 
available for transfer from the graphite to the cooling water. 
effect on the boiling process due to the heat transfer from the graphite 
has not yet been fully developed.' 

The pressurs vas briefly rzduced which aliowed boiling to take 
After boiling was well under vay and local film boil- 

The surface temperature 

Surface temperatures remained ciose to sat- 

A steady state point was 

This caused the temperatures to level off. 

The power was then dropped to 

During shutdown conditions approxi- 

The net 

Hydraulic Studies. 
concerning the pressure losses due to the "suitcase handle" supports for 
NPR fuel elements. 
terms of a drag coefficient for the support as follows: 

A study was made of the experimental data obtained 

Pressure drops for the supports were correlated in 

where fD is the drag coefficient and is the annulus Reynolds number. 
By means of this correlation the pressure drop cf any size support for 
any given conditions of flow, velocity, and temperature may be calculated. 
The correlation nay be easily incorporated into the machir,e program for 
fuel element design. 

Critical Flow Experiments. The investigation of the critical discharge 
behavior of two-phase water mixtures was continued by a study of the 
influence of back pressure upon the axial pressure distribution during 
critical discharge, incipient critical discharge, ard nqn-critical dis- 
charge conditions. 
varying from approximately 5$ to 95; in which continuous plots of the 
pressure at the various taps were recorded continuously on a "X-Y" re- 
corder as a function of back pressure as the latter was varied fromthe 
minimum pressure obtainable to the maximum. 
axial pressure profiles obtained during the critical discharge conditions 
exhibited a clcse correspondence to that obtained by the continuous 

A total of six runs were performed at qualities 

The general shape of the 

,' _I , . a- Id- 

I 4. . 
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traverse method employed at the University of Washington. 
methods demonstrate the rapid expansion which occurs in the final 1/2" 
to 3/4" of the florr passages. 
betveen the data obtained here and of the previous xork mentioned above, 
it vas concluded the extrapolation technique ~7ould produce a valid repre- 
sentation of the pressure occurrinz at the location of choking if suf- 
ficient number of pressure taps are provided in the final one inch of 
the flov passage (as was the case in the test section used in this exper- 
iment ) . 

Both of these 

On the basis of a critical comparison 

Shielding Studies 

Attenuation basurements. 
serpentine concrete (after being baked at 320 C) is currently under way. 
This will complete the testing of this type of concrete. 

The last irradiation of the 265 lb/ft3 iron 

Shielding Instruments. 
ing measurements is being calibrated in the 300 Area Ion Accelerator 
Laboratory. 
range of 150 to 600 &v at a gas pressure of 8.00 cm Hg at 0 C. 
found that by using the theory developed by Ward Diethorn (NYO-6628) for 
gas amplification, the channel in which a neutron of any given energy 
falls can be predicted within two or three channels on the 100-channel 
analyzer. 

?The Perlow neutron spectrometer for use in shield- 

At present it has been calibrated for neutrons in the energy 
It was 

Decontamination of the second Perlow counter removed over 96 of the 
radioactivity which had spread into the counting volumes fromthe internal 
calibration source. 
prior to calibration. 
together. 
the neutron spectrum. 

The counter is to be mde gas tight and radiographed 
It is proposed to use three identical counters 

Different internal gas-pressures will permit a rapid scan of 

It was found necessary to rewire the filament circuit in the master 
clock pulse entry circuit in the 100-channel analyzer to eliminate a 
cathode-to-heater tube failure which has occurred twice this month. 

Design and Component Testing 

NPR Charging Machine. 
ing a reduced length prototype charging machine to include development 
on certain critical items. 
components. 

A proposal has been made for fabricating and test- 

The prototype would include all essential 

The magazine positioner prototype is go$ complete. 
a nozzle adaptor incorporating an integral relief assembly has been 
completed and commerL prints issued. 
the prototype charging machine proposal. 

Conceptual design of 

Further vork is pending action on 

B. WlUENS - 3000 PROSRAM 

Research and development in the field of plutonium metallurgy continued in 
support of the Hanford 234-5 Building Operations and weapons development 
programs of the University of California Lawrence Radiation Laboratory (Fro ject 
Whitney). Details of these activities are reported separately via distribution 

:, *I@ 

lists appropriate to weapons development work. .1 a ~ 

.I. 

.-\ - .... 
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C. REACTOR DEVELOPMENT - 4000 PROGRAM 

1. PLuTmm RECYCLE PROGRAM 

plutonium Fuels Development 

PFER Fuel Fabrication. Fabrication of 22 Mark I-G Pu-Al spike clusters 
for physics testing use has now been completed. 
tional Mark I-G fuel elements are being recycled through grit blasting, 
etching, and autoclaving. 
jacketing, Al-2 W/O ~i-1.8 W/O Pu) required for PRTR loading, 10 are in 
an advanced stage of fabrication, billets have been cast for an additional 
20, ad some of these have been extruded into rods. 
claving equipment difficulties, delayed fuel tubing deliveries, and failure 
of much of the new tubing to =et dimensional specifications have slowed 
this work a 

The required five addi- 

Of the 36 Wk I-H clusters (35-mil Zr-2 

Etching and auto- 

Of 150 tubes received during the month, only half passed dimensional in- 
spection. The first of this tubing which is specified to have an inside 
diameter of 0.495 to 0.500 inch was accepted below the tolerance limit 
in order to get tubing, and it cannot be air gaged with the equipment now 
in use. A new electronic gaging machine is being developed which will 
gage the inside dimter of a tube with 0.010 inch spread to within 0.0001 
inch. Tubing with a maximum 0.002 inch ID spread within any one tube is 
expected to start arriving on site very soon. 
Fuel elements can be fabricated with the desired 0.004 to 0.006 inch gap 
between core and cladding. 

With this tubing, Mark I-H 

Fabrication Development. 
containing 36 PLI-M spike fuel rods. 
an Al-Pu-Si-Ni corrosion resistant core (CRB-54-Fl) clad in a Zircaloy-2 
tube (#3907) of the poor quality characteristics of 1958 and 1959 de- 
liveries. 
indications on eddy current testing and ultrasonic testing after rod 
assembly showed the tube to have 77 crack indications greater than 0.009 
inch deep. 
amounts of corrosion at two different points where split-type tubing 
failures had occurred. The core material exhibited good corrosion re- 
sistance considering the graphite coating and superheated steam atmos- 
phere of 400 C at 1300 psi. 
coming. Preliminary decontamination experiments on the autoclave rack 
indicate that the autoclave vessel can probably be successfully decon- 
taminated to a low level. 

A cladding rupture occurred in an autoclave 
The fuel rod (E-39) consisted of 

Nondestructive tests on this tube (RTm97) had given slight 

Examination of the core after tube rupture showed small 

A detailed examination and report is forth- 

UNCLASSIFIED 
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Since nickel has a high cross-section, the lower limit of nickel con- 
centration required to impart corrosion resistance to the 1.8 IT/O Pu 
alloy is be- determined. 
showed corrosion behavior similar to the A1-2.0 W/O Ni-1.8 w/o Pu alloy. 
At the time of this report an Al-1.50 W/O Ni-l.&/o Pu alloy is being 
tested. 

Alloys containing 1.90 and 1.75 w/o nickel 

Samples from bottom, center, and top of the first two, 89 inches long, 
1.83 W/O Pu, 2 w/o Ni-A1 alloy pneumatic injection castings assayed: 

Pu Content Pu Content 
Sample (w/o) Sample (w/o) 

1 Bottom 1-53 2 Bottom 0.891 . 

1 Center 1.71 2 Center 1-97 
1 Top 2.07 2 Top 2.02 

The ingots for these castings were melted in vacuum, heated to TOO C and 
injected into Zircaloy tubing. Apparently the PuAl4 was not completely 
in solution before casting. To correct this situation, another casting 
was made in which the Pu alloy ingot was melted in air, heated to 800 C, 
mchanically stirred, allowed to cool to TOO C while the system was slowly 
evacuated, and then cast at TOO C. 
ing and are awaiting chemical analysis. 

Four samples were cut from this cast- 

A preliminary corrosion test was conducted on the injection cast de- 
jacketed core samples from Rod No. 2. 
resistance comparable to that of the wrought structure of extruded rods 
of similar alloy composition. 

The core exhibited 350 C corrosion 

Since the swage hood has not been completely enclosed for plutonium work, 
exploratory work was begun on swaging pre-welded samples containing 
Spencer fused U@. 
it was possible to increase the tap density from 7.3 grams/cc to 8.1 grams/ 
cc. This particle size distribution is obtainable by a single crushing 
operation and is not the result of particular size blending. 
samples were prepared with varying initial densities. The results of 
these swaging trials are: 

By utilizing a proper particle size distribution 

Twenty swaging 

Total 
Initial Elongation Densitp Etched Decsity 
Density Factor at 20$'0 R.S. at 4% R.A. 

Sample gm/cc at 48 R.&. .@pis/cc. . gms/cc 5 Theoretical 

1 6.70 1-13 8.50 9.88 90.2 
2 6.97 1.16 8.98 9.85 89.8 
3 7.14 1.18 9-05 9.84 89.7 
4 7.40 1.20 9.10 9 -90 90.3 
5 7.60 1.23 9.24 9 -85 89.8 

*Calculated. 

I- 
? 

(All results were obtained on samples initially at 0.750" in 
diameter by 18 inches long.) 

micLAssIFm 
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taken on the cexiter of the core indicate that it my have increased only 
one or two mils in diameter; but length measurements were not made because 
the ends were inadvertently cut during sectionicg. 
mnts are being obtained. 

Experiments to investigate the reactivity and irradiation characteristics 
of the self-shielded and Phoenix fuel concepts are under way. 
plutonium alloys using plutonium which contains 5.46, 13.13, 21.1, and 
28.88 percent of the isotope 240 are being cast for tke capsule reactivity 
experimeI;t to be conducted in the MFR. hkasurements will be made in the 

PCTR, PRCF, and the RMF in an effort to determine the effect of exposure 
on the reactivity of fuels using the different types of plutonium. The 

capsules, holders, and modified X-baskets necessary for the experiment are 
being designed. Samples will also be fabricated which contain different 
amounts of poison, namely, boron. By making measurenents with these samples 
and determining the weightiw functions, the reactivity contribution of the 
fissionable atoms can be distinguished from the poison effect of the fissior, 
products. 

In addition to the reactivity change experiment, another experiment will 
be conducted to follow the power generation of a Phoenix-type fuel with 
exposure. 
couples so that the power generation can be followed during irradiation. 
The first element will be an injection cast cluster containing plutonium 
which has 5.46 percent 240. 
tain 21.1 percent 240 and will be fabricated by the PRTR process. Power 

generation curves for the two elements will be compared. 
power generation curve for a similar U-235 enriched element can also be 
calculated for comparison purposes. 

Core density measure- 

Aluminum- 

Two 42-inch long, 19-rod elements will be equipped with thermo- 

The plutollium in the second element will con- 

A fairly reliable 

Calculations on the self-shielded fuel concept are continuing. . The first 
analysis of a Puo;! core surrounded by MgO indicates excessive core tem- 
peratures. 
thermal conductivity and hence lower the operating temperatures. 
the designs being evaluated are as follows: 

Other desims are being evaluated in an effort to i-ove 
Some of 

1. A Pu02 core surrounded by a thin wall tmtalum container 
which is in turn surrounded by thick walied Zircaloy to 
form a one-helf inch diameter rod. 

2. A small diameter PuCQ core sul-rounded by a thick walled 
Zircaloy jacket. 

3. A Pu02 core surrounded by a thick walled niobium jacket. 

4. A small diameter PuC core surrounded by high derisity graphite 
which is ir. turn surrounded by a 0.035-inch Zircalcy jacket. 
This e1emer;t would have the adwritages of a core with a higher 
fissionable atom density an3. better thermal coEductivity, 
suzrounded by a ma-kerial which has relatively 7002 thermal 
corAducfyivify a& nectron economy. 

UNCLASS IF ID 
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One hudred percent self-shielding occws in an 0.0625 itch diameter, 
70; dense Puo;! core; i.e. , in a given flux, the power zeneration de- 
creases as the core density increases. It is calculated that each of 
the designs mentioned above will zenerate from 14 to 16 kv/ft in a 
thermal flux of 1.26 x d4 nv. 
made. 

Xeat transfer calculations wlll nov be 

UO2 Fuel Development 

PRTR Fuel Elements. Desip and fabrication of a swaged UQ 19-rod cluster 
PRTR fuel element which can be disassembled and reassembled were completed. 
Three fuel rods in the cluster contain special closures to allow icsertion 
of a total of six metal foils at one time for physics measurements. 

A prototypical, three-foot section of a swaged F'RTR fuel assembly vas 
tested in the ETR at an average estimated maxim pover generation of 
395 hr/ft and an outlet coolant temperature of 503 F. The test vas com- 
pleted successfully after an irradiation period of twenty days, at a 
specific parer generation, at full reactor power, approximately 150 per- 
cent greater than the maximum anticipated for U@ elements in the first 
PRTR cycle. 

A study which analyzes and compares the fabrication costs for some of the 
various types of Uo;! fuel elements being developed at Hanford is nearing 
completion. Three fuel geometries are being considered; the 19-rod PRTR 
cluster, a 7-rOd cluster, and a nested tubular element. In addition, 
comparisons are being mde of the swaging and the vibrational compaction 
processes. 
and fused uranium dioxide powders. This analysis indicates that uranium 
dioxide fuel elements can be produced for substantially less than costs 
presently being quoted for large commercial power stations. Lowest costs 
appear obtainable through use of the vibratory conpaction process in com- 
bination with fuel element geometries other than the 19-rod cluster desip 

Cost estimtes are included for hot swaging both untreated 

Fabrication Development. Nine thin-wall stainless steel clad fuel rods 
Irere fabricated for irradiation in the VBWR. Four of the rods had a 
cladding thickness of O.Ol5", three had a cladding thickness of 0.010", 
and two were clad vith 0.008" thick stainless steel. The fuel was vibra- 
tionally compacted in 0.563" 0 x 38" long tube. 

The fines (-100 mesh) were sintered U02 (95 percent T.D. particle 
density) enriched to ten percent U-235. 
fused natural U02 () 99 percent T.D. particle density). 
density of the 0.015" clad rods was 86.1 percent T.D. 
and 0.008" clad rods averaged 88.5 percent T.D. 
occurred in the cladding as a result of Compaction. 

The remaining material was 
The average 

The 0.010" clad 
Several small dimples 

AU. tubes were Zyglo fluorescent penetrant tested on the outside and 
inside surfaces prior to compaction. 
leak tested and autoclaved for oce hour in water at 1000 psi ad 280 C. 

The finished rods were helium 
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F~ur 0.005" thick stainless steel clad rods were also fabricated by the 
same techniques. 
T.D. During autoclaving, the cladding collapsed and formed sharp, broad 
based ridges 0.001" to 0.002" high along the length of the rod. One of 
these rods was swaged, after autoclaving, to a final dimeter of 0.547". 
The ridges were eliminated with no indication of buclrling or folding of 
the mtal. 
time. 
of the inside surface. 

The lov densities, especially in the O.OO5" clad rods, were due primarily 
to low particle density in the sintered fines and less than optimum 
particle size composition in both the coarse and fine fractions. By cor- 
recting these conditions it should be possible to vibrantly compact C.005" 
clad fuel rods to densities high enough to minimize collapse in the auto- 
clave. For example, fused U@ with a favorable particle size composition 
was compacted in 0.0075" stainless steel cladding to 90-91 percent T.D. 
As a result of using smaller particles in the coarse fraction of the mix- 
ture, no "dimpling" of steel cladding occurred. 

Photomicrographs and electron micrographs of hot swaged -100 mesh sintered 
U02 clad in Inconel-X indicate that: 

The fuel density in these rods averaged 84.8 percent 

No ridges were formed when the rod was autoclaved a second 
This rod will be sectioned and examined to determine the character 

1. Considerable plastic deformation of the U@ occurred in 
samples swaged at 800, 1000, and 1200 C. 

Sintering occurred between U02 particles swaged at 1200 C. 
A lesser amount of sintering was observed in the sample 
swaged at 1000 C, and no sintering between UQ particles 
was observed in the sample swaged at 800 C. 

2. 

3. %e Uo;! did not react with the Inconel-X cladding at any 
of the swaging temperatures. 

The structure of the Inconel-X cladding was not detectably 
changed or altered. 

4. 

Fuel rods clad with O.OO5" wall stainless steel were successfully swaged 
from 0.563" OD to 0.547" OD. The cladding on these rods showed no indi- 
cations of folding or buckling after swaging. 

Studies of uranium carbide fabrication were initiated. The material, 
supplied by Atomics International, will be vibrationally compacted in 
9/16" 0 x 0.010'' wall stainless steel in two-foot and eight-foot lengths. 

The magnetic force butt welder was employed to weld the closures on lead- 
cadmium fuel rods required for PRTR physics tests. 
use of this machine eliminated the problem of cadmium contamination en- 
countered in the evacuable welding chamber during the initial att.eqt 
to arc veld the rods. 

The very effectfve 



The welding mchir-e seft,iws were established ar,d verified for mking 
consistently high quality closures on 0.563" OD x 0.030" wall. Zircaloy 
cladding. PRTR rods and Hanfo,rd reactor defect test rods were welded 
with reliable resirlts. Each size fuel rods and each material requires 
machine settings to be accurately established to assure the desirgd weld 
quality. At present, destructive tests are required to determine the 
weld quality; sample welds have been evaluated by metallographic examin- 
ation, tensile testing, and shearing tests. Radiographs of magnetic 
force butt welds were not interpreted reliably. Ultrasonic testing is 
being explored; problems of reflecting interference signals due To the 
changing metal cross-section in the vicinity of the veld were encountered. 
Another method of assuring weld quality is the accurate mor,itoring of the 
velding current and voltage of each weld as it is made. Minor deviations 
which result when an improper weld is performed will be indicated on the 
monitoring instrumnts. 

Welding parameters are being investigated to weld closures on various 
sizes of stainless steel fuel rod cladding. 
uated at present are: 
thickness, and 1.00" OD x 0.063" wall thickness. 

Cladding sizes being eval- 
0.563" OD x 0.005", 0.010", and 0.015" wall 

The problem of erratic acceleration encountered with the draw bench of 
the Thematool machine was alleviated by tightening the carriage system 
asd providing positive engagement to the draw chain. 
and tube to be welded are allowed to accelerate for one inch of forward 
movement before the welding power ia initiated. The previously erra+,ic 
acceleration had required six inches of travel before current, initiation. 

The draw mechanism 

Excessive tube distortion and metal expulsion beneath the rib was en- 
countered when welding 0.075" diameter ribs on a 10" spiral to a 0.563" 
OD x O.Ol5" wall stainless steel tube. A structurally sound weld nugget 
was formed beneath the rib and tube; however, various attempts tc minimize 
the distortion and metal expulsion were msuccessful. 
cross-section reached a temperature well in excess of the temperature of 
the tube. Upon cooling, the wire shrinkage pulled the tube spirally out 
of concentricity by approximately 3/32 inch. 

Most of the wire 

Ixnediate future use of the machine will be for contimed evaluation of 
spiral welding ribs on Zircaloy tubing 0.563" CID x 0.030'' wall thickness. 
A reduction of gas contamination of the heated Zircaloy after welding 
may be realized by rapid quenching of the material. 
for C+ gas is being incorporated immediately after the argon diffuser 
manifold to provide a quick chill. 
been completed; however, it is anticipated that the incorporation of the 
CO2 will decrease the need for expensive argon.. 

An expatision nozzle 

Evaluation of this chilliog has not 

The tooling design was completed for welding straight ribs on t.he &rk 11-C 
tubular fuel element segments. 
October 1. 

This tooling skauid be fabricated by 
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A satisfactory weld ;oint design has been develoned which works remark- 
ably vel1 for arc :relding closures on thin fuel element claddinz. 'A 
dovetail flan~e is provided on the closure cap. This flange serves c 
dual purpose of trappin2 the thin claddin:, preventinc it from "bellinC;" 
on the end when heat is applied. The arc: is established on this flanse, 
which melts dom against the cladding to secure the closure during the 
welding operation. 

A line joint exists between the fuel and the closure cap which results in 
buckling of the thin cladding under pressure. A sleeve may be inserted 
in the end of the fuel cladding to reinforce this area of the claddinz. 
The dovetail flange provided on the sleeve allows a welded closure to be 
made sidtaneously between all three parts - cladding, sleeve, and cap. 

Corrosion Studies 

Hydrosen Pickup by Zircdoy-2 and Zircaloy-4 in 400 C, 1500 psi S'zeam. 
In June 1960, data were reported on steam corroslon tests of D141 Zircaloy-2 
obtained from Bettis. 
corrosion rates, but the HAP0 data on hydrogen pickup were a factor of 
two lower. 
is that Bettis autoclaves are run static, whereas HAP0 autoclaves are re- 
freshed. To resolve this difference, coupons of several Zircaloy-2 and 
Zircaloy-4 ingots were corrosion tested in the EAPO autoclaves under both 
static and refreshed conditions. Preliminary data from this experiment 
again show excellent agreement for the corrosion rates, whether measured 
at Bettis in static autoclaves or at HAW in either static or refreshed 
autoclaves. However, hydrogen picked up by the Zircaloy samples in the 
HAP0 static autoclave tests was approximately two-fold higher than in the 
comparable HAP0 refreshed autoclave tests. 
KAPO hydrogen pickup VdLues more nearly check Bettis values, which are 
also from static autoclaves. Further tests will be required to determine 
whether this difference in hydrogen pickup between static and refreshed 
autoclave conditions is due to the accumulation of hydrogen over-pressure 
in the static autoclave, dissolved oxygen added to the refreshed auto- 
clave, or some as yet unrecognized factors. In any event, it appears 
demonstrated that enviromntal conditions can influence hydrogen pickup 
in Zircaloy such that hydriding of Zircaloy reactor components night be 
sisnificantly minimized by proper environmental control. 

These data showed excellent agreement with Bettis 

&e major difference between HAP0 and Bettis corrosion testing 

Hence, when operated static, 

i 
1 

Although the hydrozen pickup for the Zircaloy-4 generally was somewhat 
less than for Zircaloy-2 in comparable tests, this was not alvays the 
case, especially at the longest test exposure time of 28 days. 

Aluminum Alloy Development. 
ratios comparable to the super alloys but vith lower tot& alloying 

Aluminum alloys containing iron and nickel 

content are being prepared to establish the minimum second phase conceri- 
tration required in 99.995% of pure aluminum base stock to protect, 
aluminum in hieh temperature vater. 
0.62$ Fe shows a penetration after 10 days in 360 C water comparable tc 
the super alloys. 

An alloy contairiing 0.5% Ni arid 

Alloys of lo'crer contents are being fabricated. 
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Castings to determice t.ke effect of casting variables on oze of the supe'r 
alloys are being made. 
temperature, holding time, pouring temperature, and cooling rate. 

The variables to be investigated are holding 

Heat-Treatbg Damage to Super Aluminum Alloys. 
for three mocths, the l.8$ Fe, 1.2% Ni alloys still show no detrimectal 

After being held at 550 C 

effect on corrosion rate as a result of the heat treating. 

Structural lukiterials Development 

PRTR Fuel Sheath Tubin@;. 
behind schedule in deliveries of Zircaloy-4 fuel sheath tubes. 

The vendor has fallen approximately two moctfis 
In additim, 

a large percentage of the 0.495 inch ID tubes received to date do not meet 
the very tight +0.002" - 0" ID tolerance specificatLon. 
forty percent of the tubes received in various shipments have defects de- 
tectable by the fluorescent penetrant dye test (primarily pits, cracksj or 
scale inclusions). 
with the vexxior's management with resulting assurances of a concerted 
effort to increase performance. 
installed a new air abrasive machine to surface condition the extrusions, 
and it is hoped that this operation will substantia3.ly reduce the cumber 
of rejects due to inside surface defects. 

From five to 

These problems and shortcomings have been discussed 

On the plus side, the vendor has recently 

Negotiations with Bridgeport Brass Company to produce sheath tubing w2th 
an ultra fine grain size are under way. Preliminary tests indicate this 
can be accomplished by a warm extrusion and careful time and tempera-kure 
control on subsequent heat treating steps. 

Small-scale HAW tests produced an ultra-fine 0.006 mm grain size in 
warm extruded Zircaloy-2 by salt-bath heat treatment at about 1200 F, 
followed by air cooling. This grain size is comparable to that of a 
Hareaus tube sample which exhibited excellent swageability. Samples 
from warm extrusions were heat treated in Houghton 980 salt bath at 
various temperatures for tims up to four hours. 
zation of the cold-worked texture to ultra-fine grains occurred in eight 
minutes at 1100 F, four minutes at 1200 F, or in one minute at 1300 F. 
The approximate average grain diameters were 0.006, 0.007, and 0.009 mm 
for annealing temperatures of 1100, 1200, and 1300 F, respectively. 

Complete recrystalli- 

Grain growth occurs when the annealing time is increased. Vacuum =.eel- 
ing produced graizls about twice as large as salt bath annealing for the 
same temperature md time. Similar tests on hot-extruded and cold-worked 
sqles are in progress. Relatively large grains were produced by salt 
bath annealigg and vacuum annealing of 40 to 60 percent cold worked 
Zircaloy-2. 

PRTR Process Tube lbnitoriq. The Mark I prototype, incorporating a Tv 
camera and ID measuring gage, has been assembled and is being tested w-d 
modified in preparation for use on the PRTR early in September. All 85 
process tubes will be inspected and measured internally while installed 
in-reactor, ar;d permaaect kinescope records of the tube inside s-ufaces 
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will be retained for cornparisor, with future monitoring scans made after 
the tubes have been in operation. 

Gamma-radiation testing of electronic components for the hrk I1 prototype 
tube monitor continues. Based on pre-post measurements, relatively little 
or no changes in the characteristics of vacuum and ceramic electron tubes 
have been observed at gamma doses up to 5 x lo9 roentgens. 
and one tunnel diode irradiated to 5 x 109 R have failed or shown very 
substantial changes in electronic characteristics. 
made to test vacuum and ceramic tubes, resistors, and capicators under 
simulated electrical load in a high gamma radiation field. 

All transistors 

Preparations are being 

Crom and flint glasses, as well as purified fused silica, show only little 
darkening at a total gamma dose of 5 x 109 R. 

In testing ultrasonic transducers, the plastic used by the manufacturer for 
crystal mounting has undergone extensive damage which precludes fuI3,her 
performance testing of the transducer crystals themselves. 
tion is directed toward finding more suitable potting rwterials. 

Current atten- 

For the gas gap measuring instrument, the first probe desig- has been com- 
pleted. 
A modified Mgnaflw instrument for use with the probe coils has been 
ordered. 

Coil .wire with radiation resistant insulation has been received. 

Radiometallurgy Laboratory Studies 

Core-cladding diffusion was not found in the examination of two 3-rod PU-M 
clusters fabricated by different techniques (m-659 and 660). 
U@ capsule was found to have an axial void and recrystallization of the 
U02. Fission gas was collected for analysis and a sample of the core vas 
dissolved for burnup analysis (RM-271). 
prepared and transferred to Ceramic Fuels Development Operation for their 
high temperature studies of irradiated materials (RM-609). 

A swaged 

Forty-eight U@ samples were 

Results and interpretations of these examinations will be reported in nore 
detail in connection vith the respective development programs served. 

Thermal Hydraulic Studies 

Problems of a Small Leak Domstream of the Flow Monitor in a PRTR Process 
Tube. If a small leak should occur near the inlet of a PRTR process tube, - 
the result would be an increase in flow through the inlet pip&, including 
the flow meter, but a decrease in flow past the fuel elements. 
if such a leak should occur, is whether the increase in flow through the 
florr monitor is sufficient to cause a high flow trip and a reactor power 
reduction if the flow past the fuel elements were redxed to a point rihere 
boiling burnout vodd occur. 

The concern-, 

The first analysis of this problem indicated that ar, accurate kr,o.rrledze 
of the pressure drop across the fuel elemects and odlet piping, 
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especially duiq twc-pkase flow cocditions, vo~LLd be required in order ta 
be certain that boiling burnout cor,ditions would always be detected by a 
high trip. Since calculations of two-phase pmssure drop are roz kigl9.y 
accurate a test section was built to experimentally check the pressure 
drops across the outlet piping during two-phase flow. 

The experimer;tal pressure drops as reported in prior reports were signifi- 
cantly higher than those calculated. 
eliminating some deviations from the actual reactor geometry and additional 
pressure taps were installed. 
confirm the earlier data and indicate the larges+, single pressure drop is 
from the top of the nozzle to the inlet of the jumper. Also coritributing 
is the pressure drop through the four elbows at the end of the jumper. 

Using the latest experimental results, ar, analysis of the original problem 
indicates that ruptures severe enough to cause boilix burnout will be 
detected by the high trip only if the ruptures occur very rapidly. In 
these cases a momentary flow increase will occur before boiling has had 
time to start and cause dwerous flow reductions. Ruptures of certain 
sizes that occur slowly will have to be detected by other means such as 
high outlet water temperature and an increase in the shroud tube pressures. 

The test section was then rebuilt 

The latest data of over-all pressul-e drop 

Analysis of Process Tube Ruptures Accompanied With a Failure of the 
Primam Water Wseu~. A stu&y is now being completed of theevaluation 
of the"potential h&ard of Gious size ruitures in the process tubes of 
the PRm. It has been determined that within the size range from an 
equivalent diameter of 0.25 inch to 2.00 inches a hazad exists if there 
were a sirmrltaneous rupture and failure of the primary light water makeup. 
Secondary light wa3er makeup is not available until the system pressure 
decays to 100 psia. 
probably be realized. 

Before this would occur, fuel element melticg wocld 

The effect of both a 1-1/2" vent valve and a two-inch ver-t valve on th.? 
rate of pressure decay has been calculated. 
to be inadequate under sone kinds of transients. A two-inch vent valve 
appears to be adequate for all possible transients. 

A ;-1/2" vent valve appears 

An alternate method of protecting against this type of hazard wollld be 
to provide additional head on the secondary light water makeup system. 
A head of 500 psia togethzr with a flow rate of about 350 gpm should 
protect the system against fuel element meiting. 

Evaluation of which method to incorporate into the reactor design was 
started. 

Boiling Burnout Conditions for the 19-rod Cluster mei Element. 
revised model cf a tes$ section representing a 19-rod cluster Mark I 

A 

fuel element was constructed for heat transfer experiments. 
section was installed in the 189-~ laboratory, ad prepazatioI.3 were 
made to determine heat fluxes under boiling burnout conditions. 

The test 
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PFZR Project Mmagement and Design 

Phase I11 PRTR Contract. 
about 975 complete as of August 31, 1960, versus a scheduled 100% based 
on a contract completion date of June 24, 1960, the official AEC schedule. 
Over-all F!RTR Project is estimated to be about 98% complete versus a 
scheduled 106 based on the official schedule. 
has been infomd that his contract will be terminated September 12, 1960. 

The 70-day run-in testing of the river pumps was started on August 12, 1960. 

The contractor has replaced the shell plate in the temporary containment 
vessel opening. 

The Phase I11 contractor is estimated to be 

The Phase I11 contractor 

Welding the plate in place is approximately 7546 complete. 

During the hydrostatic testing of the high pressure steam piping, the 
contractor procured 12-inch expansion joint immediately outside the con- 
tainment vessel failed at about 600 psig. 
ing of the tee rod anchor block welds, an item commented upon during 
review of the vendor’s dratrings. The vendor is making a new bellows 
section to be welded into the assembly in the field. 

Failure was due to overstress- 

The vertical extensions from the calandria to the moderator storage tank 
were installed down to a point below the elevation of the inlet jumpers 
and the spiral. shield plugs installed therein. It has been necessary to 
cut the 14-inch primary system inlet pipe to install the thermal barrier 
bellows at this pipe penetration due to a contractor oversight. 
bellows is now in place and the pipe rewelded. 
is in progress and is approximately 50$ complete. 
pressure tap tubinc is being installed with the jumpers. 
sample tubing lines have been installed on the reactor top face. The 
Inconel level switch standpipe has been installed on the pressurizer. 

The 

Flowmeter venturi 
Inlet jumper installation 

Outlet water 

The fuel transfer system is partly operable but will require minor rccdi- 
fications to maintain alignment during operation. 
storage basin, the travel speed of the conveyor is too fast. 
may be acceptable underwater, however. 
is being installed. 
the inflatable seals on the rotating shields. 
modified to aUov installation. 

Without water in the 
The speed 

Piping to the water pit conveyor 

The seals will have to be 
Minor difficulties were encountered in installing 

The blower for the dry gas system has not passed the helium leak test so 
that the shipment date is uncertain. 

mintenance and Mockup Facility. 
Facility were opened August 17, 1960, with the apparent low bidder bein2 

Bids for the Maintenance and Wckup 

George A. Grant, Dx., with a bid of $633,70~. 
was $713,000. This bl3 

assembly included the Critical Facility structure (Project cAH-842), the 
Rupture Facility s-cructure (Project cm-867), helium =as storage facilfty, 
stack filter and tie-in, and modifications to 309 Building, in addition 
to the bintenance and bbclmp Facility. 

The fair cost estimate 
Contract award is pending AEC funding approval. 

UNCLASSIFIED 
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Faqtu;-e bbnitcr SI-sten. 
fabricatioc of tke mechanical Fortior, of the Fuel FLement Rupture Mmitor 
Sjstem. Delivery sf tl:e fiGw con$rol needle valves is not expected mtil 
September 20, with the sclerioid shuzcff valves promised by September 30. 
Complet.ion of tke system is scheduled for October 15, based on these de- 
livery dates. 

FrocEemenz Is still the major problem in t3,e 

Testing of the electronic portion of the rupture monitor system was re- 
scheduled for the last week of August by the vendor. 
part of the system will not become critical until early October. 

Delivery of this 

Loadout Cask. Be cask shell has been leari filled ar,d x-rayed for voids. 
The x-rays are now being checked by GE Inspection, 
take about three weeks, assuming the x-ray films disclose no vcids in the 
lead. 

Final finishing will 

Fuel Examination Facility. 
ceeding with fbai assembly. 
requirements on the main frame. 
pendira receipt of photodcrographs showing the surface fkish which has 
been cbtained. 

The vendor of the primary manipulator is prc- 
He has requested a waiver of the finish 

Action on the request is beir,g held up 

fie1 Element Rupture Test Facility (Project CAH-867). 
previously, bids have been opexed Tor construction of the Nictenance 
and Wckup Facility wbich includes the 309 Building Annex f3r the FERTF. 
The FEW portior, of the bid is estimated to be $ll5,OGO. 

lnquiries from veadors regarding bid invitaticns for the circdating 
pumps, reger;erative heat exchaxger, and immersion heaters irdicate that 
several fim will bid on each item. Bid dates on this equipmer;t range 
from September 1 to September 12, 1960. 

As mentimed 

Test Section "A" pressur2 Czbe assembly bid packages were sent tz pr%- 
pective vendcrs. 
fabricatioz; techciques ar,d reqaests for Simensisc relsxatiors have beer, 
received and processed. 
Reducicg 

Several questims from vel=dors regarding permissible 

IC- is indicated tha% a% least two firms, W3e 
Chase Brass, wil; submit bids oc the tubes. 

Detaii desi- is estimated to be 2l$ complete. 
ment specification? for the makeup systen: ion exchange EtqGipmert has 
been completed ar~d they am teing routed fcr app-od. 
for the loop storage tark, dzxygenatcr, chemical feed system, z-d 

cleanup system ion excharigrrs have been issued in comment fozn. A 
purchase requisition fDr tke detail design by an outside architzct- 
engineer of the water fil3ratior' Flarrt a-,d holdiJp tank is in process. 

Preparation of prcc-ne- 

SpecificaGioLs 

Piutoniun Recycle Critical Facility (Px jqct CAH-842) e 

of the I@iilter,ance and bbckup Ediding bid is estimated t,~ be $85,rJOO, 
%e PRCF pcrt;ion 

A design schedule vas Frepazed and agFroved. Desify- of the moderatx 
temperature mocisor is coqlete mi pizchase specificsticcs have been 
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prepared. Design of the in-cell components is continuing. Drawixs of 
the major desigc items have been issaed for commeat. The drawing ad 
procuremen-h specifications for the instrumentation console were issued 
for comment.. Comments are being reviewed. 

The contract for the Fuel Transfer Lock has been awarded to the Henry 
Pratt Company of Chicago. The lock will be constructed of carbon steel 
protected with a chemical resistant coating. 

A study was made to determine the feasibility of using a spare pR?IR heat, 
exchanger (HX-3) as the heat exchanger for the PRCF thiuble pipiw. 
will be possible with minor modifications to the exchanger. 

%is 

Design and Component %sting 

PRTR Fueling Vehicle. 
85 percent complete (Phase 111-A, Item NO. 25). 
for a single channel gm monitoring alarm system (Phase 111-A, Itex 
No. 36). 

Fabrication of the replacement shroud assenbly is 
A requisition was issae.3 

Six Phase 111-A Work Instructions were issued. 

PR-10 - primary Loop ~ckup. 
down after 1584 hours of operation vhen the seal temperature, which 

The spare PRTR primary process pump was shit 

normally operated at a steady 120 to 130 F, started fluctuating and the 
seal leakage increased from a nonaal 0.02 to 1.3 gph. 
time had decreased from 5-1/2 minutes to four minutes. 
will be removed for a thorough inspection. 
new self-adjusting type seal has operated for a total. of 2028 hours withcit 
incident. 
to 1.5 gph, depending on operating conditior-s. 
because of the poor experience other sites have had with this new type 
seal. The pump has had 31 starts and 51 thermocycles dvirhg this test 
run. The Aldrich injection pump has operated 741 hours with the R/M Vee- 
Flex rings with finger springs installed on the pressurn side of the 
packing. No mainterance was performed on this packing until after 53s 
hours of operation when the leak rate for the three plungers were 25C, 
250, and 2000 ml/kir. 
this time and now have leak rates of 200, 175, and 200 ml/hr. 

The prmp run-dom 
The seal assembly 

The prototype pump with the 

Collected leakage fromthe high pressure seal varies from (2.5 
This is a notable test rn 

The packing glands have been tightened twice simc 

Process %be No. 586-6063 has operated for 478 hours and 20 thermal cycles 
during the past nonth for a total of 3750 hours at simulated reactor 
conditions 

Additional evaluations were made of rounded and tapered orifice desiss 
for the process tu3e idet. 
degree entrance taper with a throat diameter of 0.755 inch and mA enty 
diameter of 0.807 inch will yield the required 33 to 3; psi pressure At-q 
at full flow conditiozs with the fuel element ir- place. Vse cf the %per 
design is expect.ec? to give more reproducible results than tke sia-rp edgE 
orifice designl. 

It was found that an orifice using a 15- 
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Average leakage rates fcr the nozzle cap, mzzle to process tube, and inlet 
connection have remained in the 0.1 to 0.5 ml/hr range during the month. 
A special nozzle-to-process-tube test piece has been prepared and is now 
ready far tzsting to assess damage to the process tube end flange from 
metal seizure during long-term operation. 
pressure cycle this test piece 3000 times, which will require about thrree 
months. 

15 is planned to thermal arid 

PR-40 - Shim Control Wckug. 
APED was assembled using two of the Western Gear motors. This assembly 
has been operated for 2l5 cycles, which is equivalent to 21-1/2 kours of 
continuous operation. The lower motor of this assembly, which drives a 
single rod, will not hold the rod in position when the power is turned off. 
This malfunction has not occurred previously with the original mctors. 
Mcdification of the assembly to prevent this downward drift was started. 
This same modification may also be desirable for the reactor assemblies. 

The last unassembled drive received from GE- 

The Western Gear motor which was 

removed after being exposed to 107 R gamma; mechanical and electrical 
characteristics were checked and found unchanged. The motor has been 
returned for further irradiation. 
operated for 45 minutes continuously under a load of 20 in-oz and showed 
a temperature rise of less than 20 C. 

Delivery of three more drive assemblies from GE-APED is scheduled about 
September 1, and the last two by September 15. 
five drives have been received and have passed initial inspection testing. 

laced in the irradiation facility was 

Duzing the checks on the motor, it was 

Globe motors for these 

Special Tools. 
cutting off a nozzle elbow. 
off the elbow was to maintain a slow feed in order to keep the saw from 
sticking. 

Fabrication of the loadout cask wrench is about 5G‘$ complete and will be 
finished whec the stainless steel bearings are received. 

The core saw with a new blade was set up and tested by 
The only precaution necessary while cutting 

A wrench to remove and replace the three flange bolts holding the shim 
control to the top primary shield has been desiped and placed in Tech 
Shops for fabrication. 
from dropping during placement or removal. 

The wrench is designed to prevent a fl-e bolt 

Fuel Examination Facility. The fuel temperature moriitor for the Fuel 
Examination Facility has been received and is undergoing modification 
to make it compatible with thermistor probes of Hanford design. 

Design Analysis 

PRTR Process Specifications. Ninety-eight percent of the Startup Process 
Specifications have been mitten in rough draft form and giver- icitial 
review by the PRTR Startup Council, ixxluding one new specificatior, which 
was drafted during the month. Ninety-one percent of thz Pzscess Specifi- 
cations have been approved by the Startup Council. 
have been issued in approved form. 

Eighty-nise percer;t 

UNCLASSIFIED 
21:- i p”c Id3 



A-33 Hw-66644 T:. ""I 

Saf egards Reviev. 
by the General Electric Reactor SafeGards Council vas forwarded to the 
secretary of the GERSC as the basis for the forthcoming reem at the 
September meeting. 
sideration to the startup planning for the reactor and to the preliminary 
hazards analysis of the Gas-Cooled Loop. 

Startup Activities. Review of PRTR operating procedures continued as the 
procedures were scheduled for Startup Council approval. About 4@ of the 
procedures have been reviewed from the reactor safeawards standpoint. 

Detailed procedures for the critical tests are being prepared in conjunction 
with the Critical Test Sub-council and PRTR Operations personnel. 
equipment requirements and data forms for each test have been reviewed. 
Results from measurements of KB@ retention on a mixed resin column have 
been received. 
adequate moderator cleanup. 
Critical Test 15 (Poison Calibration of Level and Shims) awaits an investi- 
gation of boron adherence to aluminum surfaces. 

Planning and review of power tests is continuing in conjunction with the 
Power Test Sub-council. An initial description of Power Test 18 (Photo- 
neutron flux) has been written. 

Addltional information developed since the last revierr 

The GERSC has been specifically requested to give con- 

Special 

The data indicates the resin will hold sufficient KB02 far 
A final evaluation of the feasibility of 

Formal authorization for startup and operation of the PRTR has been received 
fromthe AEC. 
Safeguards Analysis, Supplement I thereto, and three instructions concern- 
ing an exhaust air filter, coolant void coefficients, and use of the au+o- 
mat i c controller. 

This authority is for operation in accordance with the Final 

PRP Physics Analyses. 
of the PRTR core with the 9 ANGIE Reactor Code have been performed for the 
following cases. 

Additional two dimensional, three-group calculations 

Case. No. of No. of Moderator 
- No. X-Al Elements U@ Elements Level Comment 

34 
34 
34 
34 
34 
24 
24 
24 

51 Full 
51 Top of fuel 
51 3/4 Level 
51 1/2 Level 
51 36" 
61 Full 
61 Full Outer shims inserted 
61 Full Reactor at 30 days burncut 

Those cases reported previously have been rem using new and improved izput 
data. 
studies. 

These calculat.ions appear to verify previous one dimensional VALPROD 



A physics stuaj of vazious cladding concepts for a ~202 cr P~C i/L6" 
fuel rod has been completed. These include PJC boEded ir, carbor, clad 
with Zircaloy; €902 aurromded by Ta, which is suEoude9 by a thick 
jacket of Zircalcy; Pu@ sell-rcmded by Nb, jacketed with a, and Pu02 
surrounded by a thick zirconium jacket. These calcdstions are being 
used by Plutclnium bktaliurgy Operatior, in the development of fuel 
elements for irradiation in MCR. 

Effective Wtiplication Calculations. 
plication of a reactor configuration are not directly deduced fram a mere 
scrutiny of changes in the multigroup reactor parameters. What is needed 
is a complete set of the perturbation characteristics of the multiplying 
system with regard to any piece of the multigroup description. A method 
has been devised to pinpoint the deviation of effective multiplication 
as a result of changes or errors in any one or several of the "input" 
(for computer codes) parameters or pieces of data for the problem. Using 
this method, for example? it may be found that an error of 6.6 in the 
therrnal absorptian cross-section in the core of a particular reactor will 
have the effect of 2.7% error in the multiplication. 
of view, the change ic mltiplication of a certain system ca be deter- 
mined for a specified addition of extraneous material in +,he ac+,ive zone. 

The method being used is based on a proposal by H. Gzvnm and F. Herre*, 
and the model is being extended to include refleeted reactors and three- 
group diffnsion theory. The solution is obtained using well Imom per- 
turbation methods of reactor theory. Information needed for the varia- 
tional calculation is three-group flux and adjoint flux distrib7;tions 
which may be obtained using the FLUX-WEIGHT Code for the IBM-709. 

Changes in the effective multi- 

From another point 

PRTR Primary Coolant Piping Stress Analysis. 
less steel weld at the pressurizer inlet nozzle was axialyzed for sur + esses 

and a rough draft report will be issued. 
enough to cause some yielding during normal cycling, but a fatigue 
acalysis (us- the technique described in the Bureau of Ships Reactor 
Vessel Code) showed thah the joint was safe. Further analysis of this 
joillt and other bimetallic weld joiats in the primary caclmt piping 
will be made. 

The carboc steel to stair,- 

The stresses will be high 

PRTR Operations Plsnniq 

Preparation of PRTR Operating Standards continued; essentially all first 
drafts have been completed. 
in final form during August. 

Twenty-eight of the 100 standards were issued 

Proposed Phase 111-A construction items were listed and reviewed. 

*Ho Grumm and F. Herre, Tolerances for Group Cor,stants in Reactor Calcli- 
lations, Proceedings of the Second United Nations Intematicn~al Corfer- 
ence on the Peaceful Uses of Atomic Energy, Geneva, 1958, Vcl. 16> p. 492. 



UNCLASSIFIED A- 35 

. .- 
?? 

. __/-.='. 

HW-66644 ' - 

Stock requests for reactor spare parts are complete with exception of 
spares for the fueling vehicle, electronic ;?ewer supplies, and special 
gaskets. 

Procurement of spare parts for the Hofer helium compressors continues to 
be a problem. 
essential components such as check valves and diaphragms. 
cold rolled sheet stock has been ordered for the purpose of fabricating 
sufficient spare diaphragms before the need becomes critical. 

The U.S. vendor does not maintain aa adequate stock of 
Vacuum-melted, 

Complete layout information for the temporary maintenance shop has been 
supplied to the project group. 
stallation shortly after the lump sum contractor leaves the site. 

Minor Construction will make this in- 

Several acceptance tests were witnessed during the month. 

The Wager - PmO, the Test Engineer, and the Facility Engineer visited 
the National Reactor Testin3 Station a$ Arco, Idaho, to discuss mainten- 
ance planning and operating problems of' the ETR and MI3 and associated 
test loop facilities with General Electric representatives as well as 
Phillips Petroleum management and engineers. 

Two PRTR engineering assistants have worked this past month in the Radio- 
metallurw Building to gain experience in inspection and handling irrad- 
iated fuel elements. 

Training continued during the month with emphasis on operating and emer- 
gency procedures, electric circuits, leak detector operation and tech- 
niques for sample analysis. 

Preparations were made for a temporary analytical laboratory in the Service 
Building basement. 
Rules was completed. Plans are being made for the initial property 
accounting inventory for PRTR which will be made in early September. 

The final comnt issue of the PRTR Building Safety 

Assistance was rendered the third party inspector in reviewing the piping 
and vessels for code compliance. 

Work continued on the preparation, review, and issuance of Design, Power, 
and Critical Startup Tests in concert with other components. 

The exhaust filter design vas reviewed and comments were submitted to 
Design Development Operation. 
holdup tank contents were reviewed with and approved by Chemical Effluents 
Technology Operation. 

The extended period testing of the river pumps began on August 12. 
pumps are being run on alternate days. 
pumps will operate satisfactorily. 

Proposed waste disposal limits for waste 

The 
Testing to date indicates the 

Liaison was maintained with the designers of the PRP Critical Facility, 
the Gas Loop, and the Fuel Element Rupture Loop. 
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PLUTCXNNM CERAMICS RESWCB 

It has been fomd at IIarwell and confirmed at Hanford that PuO2 md A1203 
form a perovskite type compound, PuA103, durir-e; heating in hydrogen. 
This conpound is hexagonal close packed but can also be indexed on a 
rhombohedral symmetry. !&e fo,rmation of this structure had been attributed 
to the reaction of Pu203, which results fromthe hydrogen reduction of 
Pue, with A1203 accordix to 

2 Pu02 + H2 = Pu2O3 + H20 

Pu2O3 + A1203 = 2 WO3 

X-ray diffraction showed two phases nearly equal in 
To check this hypothesis, Pu% and A1203 were heated in helium at 1350 C. 
for four hours. 
quantity, Fk@ and WO3. 
not dependent on the hydrogen reduction of PuQ. 
my account for an oxygen loss giving the following reaction: 

This would indicate that puA1O3 formatioc is 
Rather, vaporization 

2 PUO~ + ~1203 = 2 pu~103 + 1/2 02 

Several experiments were rcul in an attempt to make plutonium nitride. 
Alpha Pu metal parder was heated to 1000 C in the presence of both 350 
and 500 mm Hg of nitrogen. 
powder may have had an oxide coating, a small amount of carbon was added 
and the mixture heated to 1000 C in 650 nnn of nitrogen. 
Pue phase and another phase indexed on the face centered cubic sys-bem. 
The plane spacings conformed to the PuC and PUN structures; however, since 
the low angle spacings of these two compounds are identical in value and 
intensity, it is impossible to determine which phase was preseat. 
angle evaluations will be carried out with logarithmic response when thc 
GE diffractometer is available. This machine has been hooded and is POW 

being aligned. 

In both caees Pu% resulted. Since the metal 

The result was a 

High 

The kinetics of the Pu@ + C reaction are being checked in detail. 
Samfles have been heated to 850, 1000, and LL5O C for one horn in a 
10' 'mm vacmm. These samples are awaiting x-ray diffraction. 

A Pu@-Zro;! specimen containing 0.5 W/O PuQ was sintered in a hydrogen 
atmosphere at 1500 C for eight hours and slowly cooled. One hairline 
crack was observed; otherwise, integrity was good. Be stabilization 
of -02 by Rt@ additions appears to be inconsistent with concentratian 
up to 10 W/O Pue. 
at least 10 w/o Puo;? was excellent. 
received for thirteen of the twenty-eight specimens prepared. These are 
presently being analyzed and correlated with photomicrographs. 

The integrity of all pellets sintered which contaiced 
X-ray diffraction patterns have been 
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3. URANIUM DIOXIDE ITJELS l?3SEARCR 

Fuel Evaluation. To study hydriding irL both Zircaloy-2 and Zircaloy-4 
under similar conditions, a 24"-'long, 0.565 2 0.002" diameter, fuel rod, 
having 12'' of Zircaloy-2 cladding and 12" of Zircaloy-4 cladding butt- 
welded together, was fabricated. 
riched U% vibrantly compacted in the cladding materials. 
claved, then defected with an 0.005" - 0.006" diameter hole at the center 
of the butt weld. This fuel rod will be irradiated irilthk :GE€€-4r.fabkGity 
at the MFR. I , ".- 

The fuel rod contained 3.37 W/O en- 
It was auto- 

Various ceramic fuel enrichment methods (e.g., coarse, fused, natural U@ 
particles surrounded by finely divided, enriched U@ powder) are being 
evaluated by testins a four-rod cluster fuel assembly in the MIX. The 
fuel element was successfully irradiated for nineteen da s at a power 
generation of approximately 105 h/ft (600,000 BTU/hr-ft h ) . 

Swaged U@ 
(13,500 M4D i T) in MJX released approximately 31 percent of the fission 
gases. 
at specific pover Eeneration of 25 lcw/ft. 

sintered and crushed) irradiated for one and one-half years 

The uranium dioxide capsule had an OD of 0.6go", and Ws irradiated 

A similar swaged capsule irradiated to only 3000 MWD/T at the same heat 
generation released 56 percent of the fission gases generated. 

Defect tests of deliberately defected UOg fuel elements will be conducted 
in IlApo reactors. Three, 12" long, Zircaloy-2 clad, Uo;1 containing &-rod 
clusters were fabricated and a test proposal approved. 
diameters are 0.565 2 0.002". 
pressed and sintered Uo;! pellets in 0.030" Zircaloy-2 cladding. 
the rods in this assembly contain 0.005" diameter defects through one 
cladding wall midway along the length of the assembly. The other tu0 
fuel assem3lies were cold swaged. 
Zircaloy-2 clad and two Zircaloy-4 clad rods, with one rod of each clad- 
ding material defected as above. One of the latter two assemblies contains 
fused U02; the other contains sintered and crushed material. 

All fuel rod 
One of the three assemblies contains 

Two of 

Each of these assemblies had two 

A surprisingly small amount of fission product activity was detected in 
the coolant during irradiation testing of a deliberately defected, swaged 
U02 fuel rod at a maximum heat flux of approximately 700,000 BTU/hr-ftC 
in the ME?. The improvement probably should be attributed to the use of 
relatively large, dense, outgassed U@ particles. 

Basic Studies. 
accommodate the JEM electron microscope. This electron microscope was 
received in Milwaukee, where it is to be assembled and demonstrated before 
shipment to Hanford. 
initial icstallation and testing. All components performed satisfactorily 
in tests made; tests for ultimate resolution and operation of accessory 
components will be completed after permanent installation at Hanford ir 
September. 

Modifications to an existing laboratory were completed to 

A Ceramic Fuels representative participated ir, the 

Design details of the cine attachment appear to be 
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satisfactory. 
plished while observing most of the image on the fluorescent screen. 

The design and fabrication of carbide dies for impact forming of UO2 in 
the Dynapak machine was discussed at the General Electric Carboloy 
Divisior, in Detroit. Carbide dies should permit an eight-fold increase 
in the size of samples capsules used for high energy impact forming of 
U@ to densities greater than 99 percent T.D. 

Thermal Conductivity. 
vibrational compaction, using a shallow cup required for the Battelle 
measurement apparatus. 
shaking conditions, leading to a specimen having a density of about 75 
percent T.D. 
tion, trial placement of thermocouples, and general eva,l.uation. 
density specinen is expected to result from a redesigned cup and prepar- 
ation accessories. 

Initial measurements were made at BMI on a UCQ specimen prepared at Hanford 
on the 300-ton press. lnitial data, up to 1200 C, indicate the thermal 
conductivity cuz"e will fall betwegn the curve previously obtained from 
UCQ fabricated by isostatic pressing and by extrusion. 

A detailed review of the current world-wide status of the measurement of 
thermal properties of UCQ was completed, particularly concerning thermal 
conductivity. 
transfer problem at the AIChE meet@g in Buffalo, New York. 

High Temperature Microscopy. 
irradiated U@ with in-reactor exposures of 40, 125, and 440 PMD/T was 
completed. The mlting points of these makerials were 2830 C, 2890 C, 
and 2920 C, respectively. 
consistently melts at 2790 C. These melting temperatures are a-ferages 
of five observations for each burnup. 
versus percent burnup for in-reactor exposures of 40 to 1500 MJD/T was 
established. 
3040 C at 1500 MJD/T. 
point increases with higher burnup, although a maximum is apparently 
being approached. 
2400 C to 2900 C was apparent for the 40 to 440 m/T exposure oxide. 
Vapor deposition crystals grew, but at a slower rate than those from 
unirradiated U02 

Conticuol;s photography of specimen changes can be accom- 

A thermal conductivity specimen was fabricated by 

Ratio of depth to diameter resulted in poor 

The specimen was transferred to BMT: for physical examina- 
A higher 

A summary was presented in a panel discussion of heat 

High temperature microscopic examination of 

Unirradiated U@, under the same conditions, 

A curve showing melting point 

The highest reliable melting teqerature measured was 
mrapolation of the plot predicts further melting 

A vapor pressure inhibition in the temperature range 

4. MIC SWEL;tJNG STUDIES 

Irradiation Program. 
the reactor in the latter part of February is col;ti.tiuhg to perform 
satisfactorily at a control temperature of 550 C. 
mentation has perfomd quite well since installation of new poten+Yi- 
ometers and premium tubes. 
withir: 10 C for the past two months. The second capsule has now been 

The general swelling capsule that was inserted in 

The control irxrtrd- 

Colitrol of the capsule temperature has been 
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charged. 
uranium spheres. 
establish the effect of temperature of irradiation, burnup, and bmap 
rate on swelliag in aranium. 

Two other genera3, swelling capsules containing split, hollow cylinders are 
in the final stages of assenibly. 
typical specimens in an effort to produce fine, randomly oriented grains 
in the dingot uranium used as stock material. 
and gamma quenching, and high alpha annealing were 7msuccessful in pro- 
ducing grains that were considered fine enough. 
changed the original large grain size present in the dingots. 
areas only one or two grains existed across the 3O-mil wall thickness of 
the hollow cylinders. Filie grains were finally produced by extruding the 
second ingot' prepared by the Tamescal hktallurgical Corporatior, by electron 
beam melting. EXtruding in the high alpha region produced grains having an 
ASTM grair, size of about six, but some (UO) orientation of grains exists 
in the extrusion directioa. 
that the preferred orientation is less undesirable than large grains. 
Irradiation of specimens having the same enrichment but diff- went thermal 

histories may be necessary to determine the importance of grain size md 
orientation on swelling. 

The impurity level of the second ingot that Tamescal prepared is essen- 
tially unchanged Prom the orisinal dingot melting stock composition. 
This is to be contrasted .crith the marked improvement that vas achieved 
after electron beam melting of fairly "dirty" uranium. Apparently, the 
impurity level in the dingot uranium is already so low that extreme 
difficulty will be experienced in improving it. 
may still offer a convenient way to consolidate high pm-ity dingot 
uranium into a more convenient form. 

Two capsules each containing a precharacterized, cylindrical specimen of 
uranium have been assembled. 
conditions simulating reactor shutdown. With one kilowatt of electrical 
heat energy being dissipated by the heaters, the temperature of +,he NaK 

environment one millimeter from the specimen was 59.1 C. 
will permit determination of the contact resistasrce of the fins md cal- 
culation of the optim control temperature of the specimen drine; irrad- 
iation. 
ETR where high fluxes are available. 

Pore Size and DistributioE. 
used as a direct means for determining the size and distribution of pores 
in irradiated uranium. In addition, exploratory experiments on the bond- 
ing of uranium to uranium are being condwted. The ultimate extecsion of 
these experiments is to sttldy fission gas mobility ir; couples cor-sisting 
of irradiated zd non- irradiated uranium. 
studies, bulk density measurements, and electron nicrosccpe de+erminaticr-s 
of pore void der-sities and pose void fractions are contiriiiriz. 
is beix conducted or specimens with buniups of 0.29 a/c and C.41 a/@, 

The capsule contains tvG natural and one three percent enriched 
It is bein=; operated at a temperature of 500 C to 

Numerous heat treatments were given 

Various combinations of beta 

None of these treatments 
In some 

For purposes of the swelling study it is felt 

Electron beam melting 

One o€ these capsules has been tested under 

The data obtaked 

The metallographic swelling capsules will be irradiated at +,kc 

Optical and electron microscopy are being 

Post- irradiakion annealing 

This work 
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5. 

irradiated a% core and peripheral temperatures of approximatel-y 530 C ad 
300 C, respectively. 
tion anneal at 60c C on the swelling in declad, unrestrained specil;lens are: 
(1) the one-hour annealing treatment is sufficient to cause a tvo-i"old 
and a twelve-fold increase in the volume associated with the measured pores 
for the 0.29 a/o and 0.41 a/o specimens, respectively; (2) long-term 
annealing, 100 hours , does not cause additional volume change; (3) the 
pore void fractions appear to be similar for irradiation temperatures of 
300 and 500 C; (4) the void density (pores/cc) after the one-hour anneal- 
ing treatments increases by a factor of two, with little dependence 02 the 
temperature during irradiation or the level of burnup; (5) the 100-hour 

annealing treatment introduces little additional change in void density; 
(6) the void density appears to be greatest in the case of high burnup 
(0.41 a/o) in regions of the specimen irradiated at low temperatares 
(approx. 300 C). 
ents are being prepared. 

%e eTfects of a one-hour and 100-hour post-?i'mdia- 

Similar type comparisons for different annealing treat- 

Since annealing of couples consisting of unirradiated and irradiated uran- 
ium may disclose information on the mobility and mechanism of fission gas 
migration and growth of pores, various methods for bonding uranium to 
uranium are being investigated. 
for ultrasonic joining experiments. 

Two specimns, GEH-14-33 and 35, irradiated at temperatures of approxi- 
mately 200 C to burnups of 0.03 and 0.07 a/o have been examined. 
surface of these precharacterized specimens shoTsno evidence of fission 
gas pores; after removal of less than a 10-micron deep layer fromthe 
specimens by etching, again no fission gas pores were observed. 
specimens will, therefore, be ground to a much deeper depth to permit 
examination of the internal microstructure and gas porosity. 

Specimens are currently being prepared 

The free 

The 

DI-REACTOR MEASUREMENTS OF MECHANICAL PROPERTlES 

The purpose of this program is to measure the mechanical properties cf 
structural materials during irradiation. 
properties of Zircaloy-2 is now in progress. The test is being conaucted 
in a prototypical capsule in-reactor. 
men is being tested in the laboratory to provide a direct comparison with 
the in-reactor test. 

The study of in-reactor creep 

At the same time a duplicate speci- 

Comparisons between the creep rates of the in-reactor specimen and +,he 
laboratory specimen have been reported for a stress of 30,000 psi at 
500 and 550 F. Since then, the stress has been raised to a new value, 
33,000 psi, on both tests. The capsule appears to be operating satis- 
factorily, but difficulty in the monitoring equipment has prevented the 
determination of the creep rate during the month. The transducers in the 
prototype capsule require nearly 900 hours of continual monitoring before 
a creep rate cm be calculated with accuracy. 
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Negotiations are now in progress with reactor personnel for the chargine 
of one of the second zeneration creep capsules. One of the four capsules 
is scheduled to be charged into the reactor near the end of September. 
!The capsules are completed, and assembly of the digit&- monitoring equip- 
ment has been started. 
digital recording installation is mid-October. Since the delivery of the 
data recordin;: equipment will not coincide with the charging of the first 
capsule, the system vill be monitored mually until the automatic system 
can be placed in operation. 
check out the operation of the digital recording equipment before they are 
shipped. 
charged in the reactor. 

The latest estimated completion date for the 

The other three capsules will be used to 

Then, as test holes becom? available, these capsales will be 

Studies are continuing on various methods of making measuremnts with in- 
reactor capsules. Refined methods of strain wasurement are necessary to 
improve the sensitivity obtained with the prototype capsule. 
extensometer should be sensitive to a micro-inch, accurate over long 
distances, and stable during the exposure in the reactor. Laboratory 
studies show that the systems built into the second generation capsules 
offer many improvements over the one used in the prototype capsule. 
are tvo complex systems of extensomtry built into the second generation 
capsules. 
contact and the other system uses two three-range electrical transducers. 
"he mechanical extensometer has both sensitivity and range, but tests 
confirm that it is subject to wear and should not be used continuously. 
The mechanical device can be used to periodically check the electrical 
transducers without danger of wear. An improved system of extensometry 
has evolved fromthe two systems devised for the second capsules. The 
method combines the advantages of the mechanical extensom?ter with the 
Sensitivity of the electrical transducers. The mechanical extensometer 
is used to position an ultra-sensitive electrical transducer so that 
measuremnts are always =de within the limited range of the sensitive 
sensor. In this way many parts are eliminated while retaining the best 
features of each of the two sensing systems. 
to build and test a model of the combination extensometer system. 

The ideal 

There 

One system uses a mchanical screw to close an electrical 

Drawings are now being made 

6. GAS GRAPHITE STUDIES 

EGCR Graphite Irradiation. Capsule fI3, containing EGCR prototype paphite, 
continues to operate successfully in the GETR. One of the nine thermo- 
couples failed after approximately 1000 hours, but the others are oper- 
ating satisfactorily. 

01 ic Gra hite. A systematic difference in length changes in the a, =-=+--- direction viz., parallel to the carbon planes) has been noted in sarqples 
of as-deposited and graphitized pyrolytic carbons irradiated for 132 MWD/AT 
at about 600 C. For such a short irradiation, no length changes would be 
discernible in conventional graphites. 
samples, an expansion was noted in the aO direction amounting to an average 
of + 0.042 2 O.Ol$. 
trast to regular graphites in which a contraction is noted in the so 
direction at all irradiation temperatures. 

In the as-deposited pyrolytic 

This behavior of the a. direction is in striking con- 
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I He at 755 C 7yc 2 6.35 % 8~ mi- 

2 ~e at 80c c 9 :< 6.32 77.5 
He a:, 8% C 6L 6 >41 97.5 

4 He a7 800 C 55:) 6,25 91.3 
3 

If all the weight kcrsaae is due to fopazicz of sdace xide, 
c@* co + c(o), appzoxinatzly 3 x 2~~9 sites pr grm cf grqtite are 
involved. 
weight -crease. CO- C(C0) + C(0lj the2 abo-.x 2”19 x ld.9 sites per 
gram of graphite az’3 useii.. 
graphite is c.i66 n;2/gn for saqles cf tk,ia type 
irivolved 

If aa eqW z’iimser of CO w-3 0 species ar? ir;vo;ved i~ the 

&se,rved speclf‘ic sczzace ares of ths 
ec the umber cf sites 

e- 8qw.m meter of gzaptite 5arface az6 8 2l x 1&9 md 
1.13 x 13 SOA for the TTC cas25 c~~tid~rtd 
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OXIDATIaq DATA - DRAGON GRAPHITE SAMPLES 

Oxictaticc Rate (g/g hr x 10'21 G' 
Graphite me Ee-regraphitization Post-regraphitization 

HS HX-10 

Morgan EX-60 

2.78 

4.89 

( 9.39 

0.876 

1.49 
1.61 

CSF 0.350 

Microwave Glow Discharge of Carbon Dioxide. 
been identified in the microwave glow discharge of carbon dioxide gas: 

The following species have 

CO, CDt, C@, C@+, C30pJ and %+. 

Microwave Activation of Nitrogen Gas. 
nitrogen in a pressure range from 200 to 1000~ Hg. 
any graphite in the spten, co deposit WBE observed on the quartz re- 
action tube. 
a yellow to brown deposit was formed. 
graphite sample was 2.09 x 10-4 gq/gm-hr. 
analyses, it is thought that the principal compound involved in the de- 
posit is parscyanogen, (cN),. 

EGCR Chcidation Bototy-pe. Two preliminary runs have been made to deter- 
mine whether graphite in the EGCR protot.De would ignite at about 600 C. 
In each case, a heating element failure just prior to admittance of the 
air caused the runs to be &e with the power off. 
the graphite temperature, TG, was 570 C, ad the inlet air temperature, 
TA, was 25 C. Com- 
bustion did not OCCUI: iz eizher case. However, the nmmal heat losses 
in the system may exceed the heat evolved by oxidation. 
the syst.em adiabatic, modifications have been completed which permit a 
low power to be maintair-ed separately to the out~r ring of heating 
elemelzts. 
be maintabed az zero during bw-ing experimests EO as to make rnr system 
exitirely adiabatic 

Gas Locp Pr: ject hbnagement and Desig- (Project CAB-822). 
specificatior-s, drawings, an3 special coI;ditions far the installation 
of the Struthers-Wei2.s package of the gas loop were issued during the 
mcth. 
So as to start the preliminaq work during the secord week in Septeniber. 

The Phase "A" package 5y Struthers-Wells is ap-proximately 98% complete. 
The pre-hecter has been fabricated but not tested. 
several valves are all. that ranair, tc 13~ iristall& for Fhysicd comple- 
tior, of this order. 

A glow was maintained in flowing 
In the absence of 

In the presence of graphite placed directly in the glow, 
The weight loss rate for the 

Based on chemical and infrared 

In +,he first run, 

In the secor,d m, TG was 625 C, and TA was 180 C. 

In order to make 

Ee 4T between the ir-aide ar,d oLtside of the block can thus 

Construction 

Minor Comtructior, is cmestly preparing mterial take-off lists 

The pre-heater acCi 

http://protot.De
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The primary blower status has improved so~r$fi;rla.f, Bristd-Siddeley is 
currmtly testing the secona blower in an effort tc recorifirm r, -5liLts 

attained with 
: the follmiIlg 

where P is ia 
can guarantee 
quires a K of 

the first blower. 
equa'; ion : 

These results my be s;unmarized by 

gxN3=K 

psia, T in %, and N in RPM. Bristol-Siddeley feel they 
a K of 1 x ld-1; however, the design point condition re- 
6.65 x I&. 

A revision to the gas loop project proposal was forwarded to the AEC 
requesting extension of the completion date t.o June 30, 1961. 
crease in funds was requested. 

No in- 

The remainder of the helium shroud coolant loop is being fcmar3e3. from 
Struthers-Wells for use in the in-reactor section mock-up test. 

Gas Loop Component Test-. 
assembly of the second prototype in-reactor sectior: was delayed pending 

The gas loop mockup is 65% consplete. Final 

installation of the first prototype assembly. 

A Solar Aircraft gimbal expansion joint for the outlet was installed in 
the test mace and brought to temperature and pressure. 
60 hours at steady state conditions of 500 psig and 1450-1550 F, and 
160 hours of cycling operation. 
3-1/20 each side of neutral while simultaneously altering the tenperatwe 
from 900 to 1500 F. 

An extensively modified dome seal was hydrostatically tested at 1800 psi. 
This assembly will be installed in the first prototype assembly and 
tested at 1500 F and 500 psig. 

It has operated 

Cycling consists of flexing the joint 

No leakage has been detected. 

F'inal cameIit prints on the graFhite cask have been issued. 

Equipment has been obtained for monitoring in-reactor movement of the high 
pressure tube relative to the shroud tube in the PRTR Gas Loop, 
reactor tests on the Fenwal line detector were begun in preparation for 
the in-reactor tests. 
second detector assembly without cadmiumwhich is present in trace amounts 
in the lznit now on site. 
testing. 
ricated for ins2allation on the gas loop moclrup in the 314 Building. 

Out-of- 

Arrangements have been completed to provide a 

The second unit has been scheduled for similar 
The thermocouple and velocity head instruments have been fab- 

7. GRAPHITE HIGH TEMPERATIJRE IRRADIATION DAMAGE STUDSES 

GraFhite Microscopy. 
microsccpe examination has been developed to facilitate the location of 
selected areas for examination before and xfter irradiatior,. k Ernest 

F. FUllam CoqaLy specimen marking pifi mounted on the nose piece of an 
optical microscope was used for reference scribing, 

A method of preparing graphite samples for electron 

The depth of scribe 
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mai-lrs was successfidly cor,trolled by determining the contact resistance 
at the correct depth and maintaining that resistance during the scribix 
operation. 
maging from 5OX to 750X on both the graphite samples ad shadowed 
replicas. 
small areas may be located at magnifications too high to include refer- 
sr,ce scribes in the field of view. 
replicas will be attempted with the eiectron microscope, and, if success- 
ful, the samples will be irradiated. 

Wtallographic Studies. !herby-eight graphite samples, six calcined coke 
samples, two green stock samples, two baked samples, and a silicon carbide 
coated sample were prepared and examined under bright field and polarize3 
light. Binder and coke are readily distinguished in the green stock, but 
difficult, to distinguish in baked stock. After graphitization, it is Lot 
possible, with present rnethods, to positively identify graphicized binder 
and distinguish it clearly from graphitized coke. 

Special Graphites. 
1603 with the Parma Research Cecter of the Union Carbide and Csrbon 
Corporation was completed during this month. 
beisg prepared for irradiation. 

The scribed locatiDns have been photographed at magnificatior,s 

With a series of photographs of increasing magnification, very 

Locating these areas on grid mounted 

Initial delivery of samples under contract AT(45-1)- 

These samples are currently 

'ke initial samples represent readily available graphites which were 
selected in an attempt to elucidate the mechanism of radiation damage 
at hi& termeratwe. The following types of material were included: 
(1) Natural-and - artificial - flake graphite. These samples are intended 
to veri* the correlation of chwes in sample dimensions with chaages 
in the xLray inter-atom dimensions axid to ascertain density changes m-der 
irradiation. 
effect of heavy mechanical strain. Samples 
of this material are designed to reveal radiation effects in large un- 
strained crystals of graphite. (3) Graphitized CoLtinental - Coke. These 
sampies are designed to study irradiation effects in a binder-free 
sys%em. (4) Constant orieaTatiop, variable density graphite. A series 
of sqles was included to study the effect of densit.y varia-kion only or: 
radiatlon damage. (5) Highly oriented grapkite. Graphite with an 
orlerLtation ratio of seveE to one was included to determine the effect. 
Of extreme orientation OL radiation damage. 
These sqles were intended to determine the Effect of radiatior, cc graphite 
made from poorly graphitizing material. 

Also, gromd natural flake is included to determine the 
(2) - Block natural graphite. 

(6) Lampblack Grapkite. 

D. RADIATION EFFECTS ON METALS - SO00 PROSRAM 

Radiatior, damage recovery is being studied for a number of metals, namely, 
copper, rickel, titanium, zircorium, iro2, molybdenum, and type 347 stairAesa 
steel. Tensile properties, microhardnese, electrical resistace, and x-ray 
diffraction spectra are being studied to determine the characteristics of 
recove-ry mechanisms. 
and is expected to gLve better results thm- the fomr system which was 
composed of a qua-rtz specimer, tuSe ur.d~r static vacuum, heated ir- rn air 

A n2w isothermal annealing fixtLre has been fabricarel 
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P?m-ace. 
utilizes a dynamic vacuum. 
the annealing system remotely. 
with -the specimen ad its hclder and the heating mediurn is molten lead. 
Cooiing from teaperature is accomplished by quenching the entire fixture in 
water while still wder a dynamic vacuum. Provision has been made to charge 
hk??ium into the system if the heat transfer rate in vacuo is too low. 

Post-amiealing x-zay studies have been completed on isochronally-annealed 
zirconium and nickel specimens. 
sistance measurements indicated that daaage recovery was complete in both 
irradiat.ed zirconium specimens, a small amount of lattice distortion re- 
mained in the form of a shrinkage in the Co lattice paramefer. 
parameter for both specimens recovered completely. 
width of the (220) reflection in both specimens recovered to the unirradiated 
Wue, but the line width of the (302) reflection showed a retained broadec- 
ing of 22 and 10 percent, respectively, at exposures of 4.7 x 1&8 and 
1.5 x 1G0 nvt. 
(1.0 x ld.9 nvt) was complete, but the line width of the (222) reflection 
was 4.5 percent greater than the unirradiated value. 

Isochronal annealing of copper and titanium was continued during the month, 
the latter sharing no further recovery stages up to 575 C. A microhardness 
recovery st e was observed in copper at 375 C for specimens with exposures 

Tke new fixthre is cor,sr;ructed entirely of stainless steel and 
A basic design feature is the ability to operate 

The specimen tube is in intimate contact 

Although microhardness and electrical re- 

The A, 
As a result, the line 

Recovery of lattice parameter in irradiated nickel 

of 0.9 x Id- 7 cd 1.5 x 1020 nvt. 

Interim x-ray measurements on irradiated molybdenum showed that recovery was 
not coqlete after annealing at 800 C, and further anneals are scheduled up 
to 1000 c. 

E. CUSTOMER WQRK 

Radiometallurgy Service 

Visual comparison of the second ad third aluminum process tube failures 
shows the two to be nearly identical. 
of the grain stmcture at the failure area (RM-406). 

Examination of three self-supported I & E production fuel elements corfirmed 
that surface bumping is associated with a large grain size (RM-408). 

kktallography shows a discontinuity 

A sample of undissolved residue from the Redox Wtipurpose dissolver was 
found to be spongy in appearance bu$ appeared to be metallic when sectioned. 
A portion of the sample was dissolved in aqua regia acd submitted to the 
analytical laboratory for sFectrochemical analysis (RM-339). 

A side-other rupture (I & E production element) was fomd to have a large 
blister extending more than half way around the circumference md from the 
cen+,er to the male end. 
the blister, but did not form the usual rupture davity (RM-409). 

Water attacked the urcium core uniformly under 

UNCLASSIFIED 
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Metallography Laboratories 

Althowh the uncolored transparency.of Lucite is preferred rather than the 
slishtly colored resin for mounting some metallographic specimens, Lucite 
has the disadvantage of requiring a relatively long time (one-half hour or 
more) for mounting a specimen. To overcome this disadvantage, a mold for 
heating and cooling Lucite mounts in the minimum possible time has been 
designed and built. 
per specimen. 
mold which has been wrapped with alternate coils of a 1000-watt calrod and a 
copper cooling coil. 
with copper. 
minutes for cooling versus the corresponding times of 12 and 15 minutes, 
respectively, for the old method. 

Electron microscopy service work for the month included examination of 
replicas from cathodic vacuum etched U02 in aluminum fuel plates, irradiated 
and ruptured fuel rods, U02 specimens hot pressed at GERL in the diamond 
p-ess, copper which had been exposed to glow discharge at NMI, irradiated 
hi$ density U@-Fu@ pellets, and fractography and metallographic surfaces 
of irradiated U@ before and after annealing. 

Tests show that this model will save at least 15 minutes 
The unit consists of a standard Buehler 1-1/4 inch diameter 

The outside of the entire assembly is flame-sprayed 
This new unit required five minutes for heating and three 

The results and interpretations of these and other metallographic and 
electron microscope examinations will be reported in connection with the 
respective research and development programs served. 

Samples Processed During the Wnth: 

Total Samples 
Carbon Replicas 

401 

36 
437 

482 
Macrographs 80 
Electron Micrographs 180 

m 
. 

Spe c ial Fabri cat ions 

To date, 1344 coextmded fuel rods have been shipped to the Savannah River 
Laboratory as scheduled. 
will be shipped during the first week in September. 
been completed with a total of 1931 castings made during the ;year. 
of acceptable billets after radiography was 90$. 
en5ire process was about 75%. 

The final 100 rods needed to copplete this work 

Yield 
Billet castiw has now 

Over-dl yield for the 

TWO I & E rods clad in x-8001 Al and containing a C823 Al core were eo- 
extruded. 
cladding thickness and a 0.165 inch core thickness. 
(Mark 11 & Mrk 111) had. different core end confi,prations, roughly 

The billets, in both cases, were desised to give a 0.050 inch 
The two billet desips 

UNCLASSIFIED 
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2-.1/4 inch and 1-3/4 inch radii, respectively. The extruded cladding thick- 
nesses vere within 0.005’’ of the design value except for slight dogboning at 
the leading and trailing ends of the core. 
Wk I1 core gave satisfactory results, but a slightly larger radius would 
appear to be optimum. 
the integrity of the core to cladding bond. 
modification will be used in fabricating Pu-bearing I QG E elements. 

The 2-1/4 inch radius on the 

Nondestructive tests will be required to determine 
The &rk I1 design with slight 

mer, Reactor and Fuels Research 
and Development 

FW Albaugh:kb 
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Neutron Spectrum Studies 

a. Detector Foils of Lutetium 

The report Lutetium aa a Spectral Index Detector, HW-66319, has been prepared 
and distributed to tbose who have requested it. The wide interest which this 
technique has received is reflected by the facts tht twen%y requests for this 
report have been received from offsite and appraximately half of $he requests 
are from laborstories abroad. 

b. Neutron Rethe-ization 

1. Graphite Ekperiment 

The m..mting data have been corrected for a shift in counter efficiency 
md a reanalysis using calculated diffusion coefficients will soon be 
started. 

2. Water Experiment 

All of the experimental data have been decay corrected, using APDAC I. 
The corrected data are being processed to yleld traverses of the thema 
activity of copper and traverses of the epicadmium activity of gold. 

An evaluatian of the available data on the diff'usion coefficient of +,hemal 
neutrons in water has beer? ccmpleted. Data recently published by Rockey, 
et al (NSE 8, 1960) and by Kuchle (letter to ?he editor NSE 8, 1960) have 
been ccmpared tc Stanley's (ANF) campilation of two group parameters. 
Rockey '3a.s published measured values of the dif,%sion ieagtfi of thermal 
nectrons in hot yater for temperatures from 26 to 295 C. 
been used to calmlate diffision coefficients unGer the assumption that 
the microscopic trasport cross section of water varies as l/v. Kuchle 
has ptrblished diffusion constant results for water temperatures of 22 to 
80 C. 
cients, D, under the assrunF;=ion that the energy distribution of thermal 
neutrons was b?axwelliarA with a characteriszic temperature equal to the 
physical temperature of the water. The lat%er values cmpare favorably 
with those frm Stanlejr in the temperature interval 20 to 250 C. 
temperak.res %%ween 0 and 50 C are the ~nly ones cf iziterzst and it has 
been concbded that these dsta are adequa5e for $he analysis af the experi- 
mental daka obtains6 in m experiments. 

These data have 

The diff'uion constaxks, Dv, have been reduced to diffusion coeffi- 

To date 
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A preliminrJ- set cf nlues for relaxatios lengzks of Got neutrorrs i3 water 
at rcom temperstme >as been cbtained fran the water rethermaliza3ion 
experiments. 
actLvity of copper in the wa5er only. 
the,-mal-group diffksion model under %he assuaflion cf no source cf thermal 
nec2rons. 

P-ese valces were obtained frm traverses of %he thermal 
%e analysis was made with a two- 

The results are given in Table I. 

TABU I 

RELAXATION LENGTSS FOR NEUTRONS FROM HOT 
pGRAPHITE Dl WATER AT 20 C 

Graphit e Tenperatme 

OK 

420 

570 

700 

Relaxat ion Length 

b> 

0.46 +, 0.10 

0.54 +, 0.13 

0.60 2 0.15 

These results and a summary of the work have been submitted to the ANS 
for presentation at the December 1960 winter meeting in San Francisco. 

The rethe-ization properties presented in Table I are subject to 
additional mcertainties which are not inclded in the errors which have 
3een quoted. The traverses of the thermal activity of ccpper which were 
taken on 9. diameter through the water acbibit an unexplained asymmetry. 
TIAS as-metry vas averaged for the purpse of the approximate analysis. 

3igital Compiter Codes for Reactor Analysis 

Debugging of the HAP0 version of the multigrouz nectroc diffusion code F-N is 
2oll+uinuhg. "he 5wo neutron grap test case, which was described last mor;tk, 
l?as been successfully m. Debug nms are now being made vitk a =ore com~lex 
test case, an infinite nedium the& spectrum calculation. 
the firm to utilize the matrix for enerm transfer to both highgr and luwer ener- 
gies. In tLe model being use<, t5e thermal netitron energy distribution is dprided 
into eight groups, with arbitrary absorption in each group. 
to solve the resulting set of coupled diffusion equations Pave so far been unsuccess- 
PiL . 
Several additional ?est cases lave Seen 11111 on the diffusion theorgr code AiM-5 
to gaLn familiarity With its use and clarification of its instructions. 
problem of generating 8n. adewte set of cross sections for AIM-5 is also being 
imestigated. Two cdes, NUDATA and C-3, have been used to generate these cross 
sectio-w. NUDATA, which -it4Jizes the Nuclear Data Tape, gives group cross sec- 
tions averaged mer Maxwellfen or 1/E spectra but does not give tl-msfer cross 
sections. C-3 gives cross sections, including transfer cross sectionsp averaged 
Over a calculated spectz-m but is limited to three groups. 
has f'um.ished a satisfactory set of cross sections for the AIM-5 test cases being 
irrvestiqated. 
better cross sections are ob-kalned. 

mis test case is 

Azteapts of the code 

The 

Neither of these codes 

%e cmyrison of the F-3 code with AIM-5 has been delayed until 

m - r '-, -' w, 1 iLJ 
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Work has begun an adapting ~3-e ANP code C-5 for 10cd use. 
slowing dawn density, flux, and corresponding adjoint qusntities for a hano- 
geneuus medium using either the modified age or the Coveyou-Macauley slowing 
down model. 
eters and system multiplication. 
cal configuration of 5he reador with the Ranford nuclear data tape supplying 
the necessary cross section. 
inary system of codes for neutron spectrum calculations. 

(2-5 calculates the 

The fl-dx and &joint flux are used to canpute weighted group para- 

This code, when canpleted, will canplete a prelim- 

Input data defines the material and geometri- 

Canputational Programing Services 

Errors in the fest source correction portion of F!KL, the production code for 
exponential pile data reduction, have been corrected so that the programmed equa- 
tians are now properly evaluated. A question still remains about this correction, 
hawever, became the values determinea by the code in saue test cases do not agree 
with dxes calcxlated sme years ago by hand, supposedly using the same equations. 
Efforts to explain this discrepancy are so far unsuccessful. 
these corrections in the Corn code is being delayed pending resolution of this 
discrepancy. Conversion of both codes to the Monitor system has also been delayed. 

A tape transferring subroutiIle, DTRANS, to broaden tape usage on the Monitor has 
been written and checked out. 
mation fran other output tapes to the Monitor output tape. This subroutine will 
facilitate the preparation of multiple reports during one pass through a program. 
15 Will also facflitate conversion of non-Monitor codes to the Monitor system, 
by makhg annecessary the locating and chaaging of all output statements to con- 
form to the Modtor ou%put tape. 
exiting fran the code. The conversion feature of MlRANS was in fact the incentive 
for its prepcration, and the time invested should be repaid in f'ull in the conver- 
sion of BlcL and CCm. 

The inclusion of 

The purpose of this subroutine is to transfer infor- 

Instead, DTRAmS can be utilized just before 

Analysis of Flux Traverses in Lattices with Large Diameter Fuel 

Fiwr C,ravel-ses for several lattkes have been calculated using the 9 method. 
An adjustment of the neutron temperature in the moderator (.sed as a variable 
parameter) bs fitted *he flux ratio, moderator to fuel, for these lattices. 
Warn the temperature reqeed to fit the flux ratio is plotted versus the fuel to 
moderatcr raC,io, e smooth curve results, although the 5emperatures seem high (40 to 
280 C ebove physical temperature). 
was &e at one poiat, sac!-&q that a3out half of the derived temperature is due 
to epithermal effecks. 
for other systems, the traverses should be correct, but tLe artificiality of the 
neutron temperatare used should be recognized. 

A summary of the work "3ffect of Neutron Temperature and Epithemal Flux on Lat- 
*ice Cell Flux Tra'Jerses,'' has been submitted to the American Nuclear Society for 
presentation at the December meeting. 

A correction for epithe- flux depression 

Thus when the model is used to calcdate flux traverses 

EXponentiEd Measzrements fGr N Reactor 

canning cf low ex-ichient (.%% $35) NPR fuel elements is akcut 604 complete. 
Diffusion iength rreasmements have been t&en in the NPR mockup graphite stack 
witk fiiel ana control roa channels empty. Tse pre1imimz-y results inply a dif- 
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fzs',zn long~h L 59 87.7 an z~frjg ag estimazed srtrspolaticn length of 1.0 an. 
%e CfA;sim lsngth in C,U3 stack vithaut voids is calculated to be 
L = 51.2 a (3%- pile c3rrected to a densitg of loTCl gms/m3). The ratio 
LTL, = 1.66 cunpams faiTorabLr with a Bebren's correction for neutron streaming 
of 1.61. 

PCTR Measurements for N Reactor 

Tb pcpi nmsurements of the lattice parameters for the dry condensed lattice 
have been a,cmpie?sd, ani? +,he measurmenta with the water-cooled assembly are now 
3tgfnn9we 

N Eeactar Temperatare Caefficient in %he PePR 

ApproPrMte calcmlations have been made for the NPR lattice parameters hot and 
cold. 

by 
b neii3rcn temperatme. 
distrilnition is large emugh to be measured in the PCTR. 

3l-a ma'u-ddng becanes a more severe problem with the core hat since a matched 
cadmium ratio criteria ass-ies that the nzutron temperature is constant In the 
coreo 
may nut reach ewibrium in the buffers. This effect will require inveskiga- 
ticn although the fl.sc traverses are much less sensitive to the spectral match 
than the reactivity measwements. 
*he Den 
t,hough %he lutetim q not give a realistic value for the actilal temperature, 
the zanparlaa~ should be mesningfkl. 

The ratio of the average flux in the graphite to that in the fuel changes 
and the copper rew-bion rate will change by 3C$ due to the added change 

f changes by 0.028 so the effect of the change in flux 

However, the driving region would be cold and the neutron temperature 

Lutetium ratios could be *&en together with 
gold c-a rs5i.m to indicate the neutron -temperature match. 

Dffferentistfm of fhis qresaion yj-elds: 

- dp = - (1-34 f 0.1) x 10-3 + (8.0 f 2) x 10-7 T 
dT 

Ilsamlng the values clf aud p as meas a& derived for the 6 1/2-inch 
lattice by Donalrue, Lann$ngo and Bennett Yf? 

RIT m1 = 
(1.29 f 0.1) x i- (1.69 f 1.8) x loe8 T 

.. 

. . ., . . . . 
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%e exors qurt.e& are standard deviations, based on the goodness of +,he quadratic 
fit, and 90 not include any uncPrtainties due tc the assumed k, and p. 

Ektminazion of the -Lempere;tue distribution in the PCTR core shuwed tha3 at a 
point -1 in& f'ran the surface of the heated rod, the graphite temperature 
rcse Sy 12OC in 45 miniltes, while the fuel rod tanperatwe rose by - 700%. 
The sgatial temperatie distribution was quite peaked armd the heat source. 
Since corrections mmt be de to the observed reactivity changes to account for 
this non-lmifom hea5ing in the core, equipnent is being prepared which will 
monitor the %empera*ure distribution with more precision than previously obtained. 
A single pin': %own recordei- is being modified to present temperature in OC, 
with a ~O"C span and four averlapying ranges fian 16Oc to 53Oc. 
elements kill be resistance theizuaneters. Selection of the desaded reage and 
t@ermameter wfll be made by a mu&l switch. 
shculd 5e easily c5taiaed. 

The sensing 

Temperatures accurate to f 0.05OC 

Fabricakion of the NPR mockup assembly is proceeding, with the quartz and graphite 
vork abuut 50$ complete. 
by September 12, 1960. 

The niobium wire and A12G3 ceramic tubing is expezted 

Instmentation ax3 erstems Studies 

A cooperative program to investigate and develop reactor autanatic control systems 
has been started with the IPD Reseazch and Engineering Section. Reactor operating 
data are king collwted for tbe Rose of detemhing reactor transfer functions 
and rela2eed iijwmiic and static reactor characteristics. An attempt will be made 
to correlate t3ese records in such a way that usef'ul information on reactor con- 
trol characteris-cics cm be obtained. 

me znalog evalation of the reactor sub-critical neutron flux monitor was cap- 
let& this mon%h. 
%me constants in the period meter of the sub-critical mozitor. This was done 
3y sbulating the kinetics of a reactor on the Goodyear Analog Computer and ap?ly- 
L-rg reactivity n-es according to a number of schedules. A voltage propa-ional 

frm the cmpcter. T3e inverse period as determined by the computer was recorded, 
together wirk the rsacti-Ji$y, the inverse period modified by lag circuits having 
time constants of 2, 8, 18, an2 28 seccnds, the logarithi of the reactor flux 
level, 21ui the inverse period as determined by the period meter. 

me purpose of tbis study was to aetemine the effect of the 

the iogGi%lmr: of the rsactor flux level was introduced into the period meter 

A magnetic storage device has been selected for the 100O-channel slow neutron 
time-of-flighz analyzer. This device vorks like a conventional magzefic &rump 
but iC, is instead a spiming disk. 
or, the fkce of the disk. This type of memory device seems to be c-er per bit 
&nC more trouble-free t'mn the standard drums. 

The information is stored on circular tracks 

3aLiatiorl shielding an< source-detector geanetry requirements have been determined 
for the p.ew riP3 File1 Failme MorLtor design which combiDes %he IPD developed 
Sziger txbe system with thP HLS developed gamma-energy spectrcmezer system. 
Ile-TslopenCal work or the -eqerimentaJ. mockup of the ?SO fast-sem slow-scan 
spsC,un &E been tempor~ily suspended in order to prmlde CWO consultatiorr 

x * ,T. ,E, 7 esalstance on the chosen design. 2-5,'. zk 2 8 . *,a 

p*:" .. .. 1, 



The electronic cirmitrj portion of the proto33Te NPR Beta-Garmna Air Monitor kiss 

received f~am fab=.ica%fon, and. it  as swcessfUly debugged and %ested. 
the 5rarmis%orlzel zircuimy is no'ii cmplete. 
Daslg~, CEX'C, 53 &de prepazation of instrument dcawings. 

A proC,r=tlGe ialtarntzt;.? 
me has smplefea 2.5 rncntb of satisfactory ces%ing. me zircuir, is nm deemed 
cmplete and ready far use. 
tested, delh7ered tc (100-E Area) forxactor el2vator irs?;allatiori. The 
t:;rae *mi%s 2wer the range from 5 mr,h t,~ 5 rhr. 

All of 
Wormation vas gPren to Instrment 

scintill3.tion logarithie area moni3or for possi3le 

TGree direct copies of the abwe were fabricated, 

A study was made tc oSCain data ?or .le%mnLning tims ecinstants and trip szttings 
far the NP3 period metsr. 
on tae Goodyear Uog Cmputer and applying rers&iv';t-J changes in %he form of 
ramp f'uc$ios, step f'unctions, and sine-squaxed fanc5ims. Data recorded included 
t,he'reaci;ivitg, the lo--ith of the reactor fl1-x level, the inverse period, and 
she inverse 2eriod modified by lag circuits having the constants of 5, 10, 20, 
and 3C seconas. 

Bls was done by simulating the kine+,ics of %he reactor 

Work was iiniltiated on $:be NPR ccnfiner pressure buildup prcblem; The analog Ax- 

effez5s of mU.%i~lhr riorse. 

e., 7-1 was prepazed and is presently being modified in an attempt to nega;t,e t3e 

More wsrk was doix on %e reliability sk&y of tke NPR emergency cooling sys%em. 
There &re several pms of t.Le instirmenta-lior- cirxi+q- tht praba3ly will rqdire 
EL decuailed analysis. 
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The hazwds report (''Summary Report of Hazards of the Xanford Plutonium Critical 
Mass Laboratory" - HW-66266) is now canplete and in the hands of Technical Infoma- 
tFon Operation far publication. 
October 1. 

The formal report will be forthcoming before 

The in-hood reactor ccxnponents for the initial critical experiments have not yet 
been cmple5ed. The problems mentioned last month were both associated with the 
safety rod drive. Destructive vibration occurred when the drive was operated, 
and galling occurred between the drive screws and the carriage nuts. 
of these problems required sufficient redesign that it was necessary to obtain 
approval of a Quotation fran the fabricator for the additional costs involved. 
The desi@ changes have been steed, and a rather uncertain ccmpletion date of 
mid-September has been given. 
of the in-hood ccmponents. 
assemble& and tests are witnessed at the vendor's plant. 

Elhination 

No other problems axe knm to exist with the rest 
No shiment will be made until the whole system is 

Testing and checkcut of the instrumentation and control system have continued. 
The data channels an& two of the safety channels are operative and are being tested 
Of the remaining channels, one has not been tested, and the other two suffer fran 
incaupatible components or faulty design. 

Some valve changes in the solution hadling system have been made, and it is ready 
for trial operation. 

Criticality Hazards Specifications 

a. 

b. 

Nuclear Safety in HLO 

TIE nuclear safety of a new graphite mold design for casting 6 IQ of plutonium 
metal into small rods was reviewed. 
and is shown in drawing E-2-31530. 
which will have a carbon to plutonium atam ratio of less than 100, will be 
critica,lly sefe. 
is to be used in accoi-dance with the HLO nuclear safety specification that 
covers the casting of plutonium metal in quantities up to 6 K@;. 

The new design is designated as type ll 
It was concluded that the charged mold, 

To assure safety in the actual casting operation, the mold 

Data Correlation - Enriched Uranium Rods in LiRht Water 

A stuQ- correlating criticality calcula-kions with experimental measurements 
on uranium rod lattices in water at enri-ents of 1.34'0, 2.0$, and 3.063% 
U-235 has been comple$ed. 
three enrichments could be calculated reasonably accurately by using the one- 
group criticality equation, B2 = & - ' with small adjustments in the value 

7' 
of eta. 
709 Idiot code. 
olaticn lengths. 
vaqj frm -1% tc 4% of the experimental values and the calculated minimum 
critical masszs vary from +l$ to -10% of tie measured values. 

Calcalated and experinerital values of maximum buckling and minbnm critical 
mass are canpared in the tables below. The value of the water to uranium 
volume rctio at which the cmputed and experimental ma+---and @nixpa. occux 

It was found that material bucklings at these 

Resctivity parameters and migration areas were calculated by the IBM 
Czitical masses were calculated using the experimen5al extrap- 

A review of the results show that the calculated bucklings 

* +. . - 
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are also tabulated. 
and 3.063$ data, frm WO. 
date a% these enrichments me included. 

The 1.03% experimental data is frm BNL acd tke 2.0$ 
All of the rod sizes that have been measured to 

TABLEl I 

1.035 ENRIO URANIUM RODS IN WATER 

Coxupaxison of Theoretical Calculations to Experiment& Data 

M&xirmaa Buckli* Minimum Critical Mass 

0.387 cak. 2.9 34.30 994 3 -4 4300 949 
m* 2.7 34.50 3 03 4532 

0.60 L'alc. 2.4 39.40 1.021 2.8 3969 9 936 
Esrp. 2.2 38.60 2.7 . 4239 

0.75 Calc, 2.2 40.40 998 2.4 4079 970 
Esrp. 2.0 40.50 2.4 4206 

* 2.50 mo2 added to experimental bucklings to canpensate for 28 mil Al clad- 

dFng* 

TABLE I1 

2.0$ ENRICHED URANIUM RODS IN WATER 

CoKKPazirson of Theoretical Calculations to Experimental Data 

Maximum Bucklingn Minimum Critical Mass 

New 
0.600 Calc. 2.7 113.20 1 .ou 3*7 518 1.016 

m?* 2.9 112.00 3 -8 510 

New 
0.925 Calc. 2.2 110.00 1.000 2.8 6 54 * 948 

=I?* 2.2 uo.00 2.8 690 

* 2.50 rno2 added to experimental bucklings to canpensate for 28 mil Al clad- 
ding. 



3.063% ENRICHED URANIUM RODS IN WATER 

Comparison of Theoretical Calculations to mrimental Data 

Maximum Bucklingrc Minim- critical Mass 

vtr Mc Calc. MC - talc. B2 
vu (lb. ) EKp. MC 

vw B2 - Rod Dia. 
(in.) VU (m-2 ) 

0.175 Celc. 5.3 147.40 1.024 9 155 .912 

EXP - 5.3 144.00 9 170 

0.30 Calc. 4.5 154.50 1.000 7.5 186 9 959 
Esrp- 4.5 154.50 6.9 194 

0.60 Calc. 3.1 154.20 1.011 4.4 270 9 957 

0.925 calc. 2.2 147.60 1.038 3.1 376 972 

Esrp. 2.8 152.50 4.3 282 

ExPo 2.2 142.20 3.2 387 

* 2.50 mo2 added to experimental bucklings to compensate for 28 mil Al clad- 
ding. 

Prior to this correlation, the age equation was used to calculate bucklings 
for uraxium rod-water lattices and an extrapolation length of 8 un was used 
for s31 critical mass calculations. 
from the experimental data by appraDcimately + lO$ at 1.03$ U-235 and - 1546 
at 3.063% U-235 and calculated minirmun critical masses varied frm - 20$ and 
+ 5$, respectively, at the same enricbments. 

It is concluded fran this study that for uranium rod lattices in water, the 
one-group method of calculating nuclear safety parameters described above is 
more accurs;ce than the method used in the past and will therefare be used in 
ature nuclear safety evaluation. 

The calculated maximum bucklings differed 

Criticality Data for Uranium Rod Lattices in Water with U-23: Enric-ments 
of Less Than 5% 

Calculations of an up-to-date set of nuc1ea.r safety parameters for uranium 
rzd ltsttices in water are abmt 8O$ canplete. 
up to eight roc? diameters (up to 1.0 in.) at each of the enrichments l.Oqd, 
2.0$, 3.15 and 5.O$ U-235. 
for buckling calculations. 
gemetry calc.Aatios are being estima,ted from experimental data. Curves will 
relate araniurr enrichmert, water-to-uranium volume ratio, and rod diameter to 
such variables as buckling, critical mass, critical slab thickness, and criti- 
cal crlincier diameter. 
made in currently accepted values is illustrated in the following table. 

These calculations will cover 

The one-@;roup criticality equation is being used 
Ejctrapolation lengths for critical mass and 

The magnitude of sane of the changes that will be 
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TABLE PV 

COMPARISON OF CALCULATED AM) EXPERlMENTAL CRITICALITY PARAMGTERS 

Minirmlm Minimum Critical Mininnrm Critical 
I43Ximum Critical Cylinder Slab ._ 

Ebridtrment Buckling Mass Di&e+,er Thickness 
(w/o U-235) (inm2) (lb. ) (in.) (in. ) 

Present 
3.063 cal~. 156.00 153 10.4 

EKP. 155.80 164 10.4 
Past 
Cal~.(~) 132.00 176 10.2 

Present 

Past 
C~C. 19.80 64 8.9 

Calc e (2 150.50 82 9 -2 

5 *1 

5 01 

4.5 

4.2 

3.8 

Nuclear Physics Research @arterly Report, April, my, June, 1957, 
HW-51983, P. 26. 

Xuclear Physics Research Quarterly Report, July, August, September, 
1958, HW-57861, P. 24. 

Data Correlation - Developnent of Nuclear Codes for Criticality Calculations 

Revision of the 18-group cross sections for use in miltigroup codes has been 
ccxnpleted for H20, U-238 and Pu-239. 

The debugging of the HIDE code (Hanogeneaus Inf'inite Systems by Monte Carlo) is 
now in progress. 
cal and logic errors. 
of the program is -er way. 

Work has resumed on the derivation of three-group parsmeters appropriate ts haoo- 
gene- plutonium solutions with H/Pu ratios frcm 177 to 1000. 

Work is continuing on other Fu isotqes. 

One neutron history 'has3 been run which pointed out several cleri- 
These errors have now been corrected and a recaqilatian 

Error in the Kjn(X) Tables 

An error in the values of the Kjn(X) function given in W-30323 tias been cued 
to axr attention by C. D. McIcay of Atcmic Ebergy of Canada, Limited. Mr. McKay 
found, in the course of a machine calculation of the neutron flux distributions 
in cylinders, that the table was in error by approximately one percent for the 
mlue of Kj,7(4.0). The discrepancy decreased fran there vtth n until at n = 9 
the error is less than one in $he seventh significant digit. 
for odd value of n. Similar discrepancies occur at other values of X. 
tence of the ezrors have been confirmed by- hand calculations. 

The error only occus 
The exis- 

1 
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Miscellaaeocs Experiments f 3r Ncelear Safeej Specifications 

Measuwements were made in :he PCTR to determine k, of a oae percent enricheii U+ 
Illixture at a nmiinaJ E/U atom ratio of 5. 
earlier measurement and ww made as a check for evaluatislg the limiting enrichment 
for whick 5 Uty fz~r a hanogene- UO -water mixture. PrelinzLmry estimates 

techniques were ?rsed ir- the nore recent measurement. 

Preparations for the final set of measurements to deteane the maxirmun concentra- 
tion of PU: for whieh & is less than or eqpal to unity are being made. 
for a series of similar experbents on U-235 are also being made. New solution 
tanks have been designed an<the necessary U-235 has been requested of the AE. 

This measurement was a repeat of an 

of results indicate agreement with the em 1 ier measurements. Slightly different 

Preparatior.. 

Criticality Stuclies in Support cf Processing Pawer Reactor Fuels 

1. Critical Approach ad EQoneatiaJ Measurements with Two Percent Enriched 
Uranium Rods 

Critical approach and aponeatial measurements were CanFleted with the two- 
percent enriched -madun. The fuel rods used were of 0.6-inch diameter and 
32-inch length. 
for insertion 13 a hexagonal lattice with 1.60 in. spacing. The assemblies 
were effectively ir3initely reflected. 

The rods were encased in thin-walled (1/32 in.) lucite tubes 

A value of the extrapclation length, A, was determined by equating the expres- 
sion for the buckling f=m the criticsl approach measurement to that from the 
expcrrential measuremezzs. 

The results of the experime;its are summarlzed below: 

CRITICAL US DATA AM) BIICKLING FOR 2.00 
PERCENT G-Es, 0.600 IN, Dm RCIDS 

La+tice @O/Z Nuniber of 
Spaci-ng Volmc 32 in. Rods 
(inches) Ratio (Crit.C:-linder] 

1.60 6.84 174 

CriticaJ or 
Czkulated Extrapolatim Material 

Critical  ass ~ength (A) Bucy"g.. 
(Sphere ) (a> Jx 10 and) 

889 lbs. u 5 -72 6,185 

(1072 15s. u) 

EXPONENTIAL -s S.TITH TWO Pmcm ENRICHED URANNM 
(0.60 irL. dia., 52 in. length) 

Lattice ~pac2-x E~G/U (.irol- NS. of Effective Relaxation 
(incbes me Ratio: Rods Radius (an> Length (cm) 

1.6c 6.84 IC9 22.3 28.95 

1 D lo+ 2.71 85 13.5 18.38 
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2- Meas'!xemen-Z5 of & :n t!:c FCTR fcr Thx-ee Perzent Enriched TJrsnyl Nitra+,e 

Work on the mew~~en+. t2f k, for enriched uranyl nitrate solutions has con- 
timed. 
md tLe z;.os~I.ss =e Seing analyzed. The preliminary valvLe of & la 1.11. The 
vdue sf k,,,, for G 3$ enriched Yo"/ mixture at the sane H/U ratio is 1.33, in&- 
:&zing the.effeci, 2f the nitrogen in the nitrate solution in reducing b. 

lke memlrment of Ir, at a ncaninG H/U atom ratio of 9 was xm>leted 

Kineti2.s with Time Dependent Reactivity 

At the request of Critical. Mass Physics personnel, tbe reactivity subroutine of 
she kinetizs code HAIREK was rewritten to include 8 different formulazion for the 
reacsxvity dtie to void formation. 
gave closer agrement vitk the P-ll burst data, the survey problems done last montk 
for Criticd Mass Laboratory hazards report were recalculated using $he revised 
sL3rau5ine e 

As results obtained with the new expression 

Irtem%ici;3;3 of Suberitizal Systems 

.The investigation of %he interaction of spatially distinct multiplybg systems 
is =ontinufng. 
Stuart, HW-40g47p aad Journal of Applied Physics, 2Tr 1294 (1956), has led to a 
considerable imprwemerrt in the fom and usef'ulnesFof his results. 
action integrals which he evaluated approxhately were found to be expressible 
more simply and in closed form. 

Re-examination of earlier work on this subject done here by 

Inter- 

Mass Speci,ranetry 

Be mass specfrmeter for %is Frogram was shut down became of repeated malf'unctiori 
cf the smce vacuum interlock. 
memcxemenfs were performed to detemine possible reasons for the faul%y operation. 
Be pieces are being lapped to obtain the required tolerances. 

A new high vol-tage ?ab13 was fabricated for the spectrometer in the hope of reduc- 
ing Ugh voltage breakaown. 

The vacuum interlock was rema-ed and precision 

IEUTBON CROSS SECTION F'RW 

Crysfal Spectrmter Operatim 

Most of tke mmth was spent in mafitenance of the crystal spectraeters and testing 
cf Zssociated equipenr. 
of t5e Fjeam shutter and :onsequent misalignment of the collimators. 
chmber noImally used at the DR spectrmeter vas intercalibrated with the boron 
zhamber beam monitor med at the KE spectraneter. 

A cmercidl zinc single crystal was $ested at the DR spectrometer for intensity 
and rockW3 mrtrs widths. The reflectivities ottained tc .Late indicate tbt ?he 

reflection efficiency is ~nly 13 to 20 percen$ 04 that of a gccd beryllium srya+,al 
athough %he rocking @me widChs are af the same magnikude. 

SiX new RGL BF 

height distribGtions. 

The DR specCurtrneter was realigned following 5he repair 
The boron 

caters were received and tested for use with the KE spectrme3er. 

.. 

All the mmte I. s had amzt the same efficiency an&--'$@.-%hd satisfactory pulse 
The counters were mded at I%&, -_ KE spec+,rmeter in such a 
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fashion that the detectable scattered intensity in a scattering cross section 
measurement was about three times that of the counters previously in use. 
signal-to-background ratio was roughly preserved. 

The 

Slow Neutron Scattering Cross Sections 

Measurements have continued on the scattering of neutrons of 0.247 ev fram a 
roan temperature water sample. 
made for water scattering at 10, 20, 30, and 40 degrees scattering angle; for 
air at 3, 10, and 20 degrees scattering angle; and for vanadium at 3 degrees. 

Energy -pes near the elastic peak have been 

Crystals for Neutron Diffraction 

Two aluminum crystals were grown. 
7 inches long, was grown in the short time of 1.7 hours. 
of tvo large grains. 
hours with a lage temperature gradient. 
crystal with probably a broad rocking we. 
by neutron diffraction. 

The first ingot, 3 inches in diameter and 
This ingot consisted 

Another ingot, 2 inches in diameter, was grown in 15 
This ingot was essentiuy a single 

Neither crystal has been studied 

Fast Neutron Cross Sections 

Work has continued on the developent of a satisfactory system for evaporating 
thick lithium targets in situ. 

The slit baxes for the Van de Graaff are being assembled. 

Procurement has been initiated for sane 26 elements for fast neutron total and 
szattering cross section measurements. 

=TOR DEVELOPMENT - 4000 PROGRAM 
PL-UTONNM RMN%LE 

Low EXposure Plutonium Lattices 

Data from the six foil normalization irradiations have been reduced 
APDAC-1. A systematic two percent differencein the ratio of the $ 
activity to the Pu monitor activity was noted in all six cases between the two 
separate counting systams used. This difference may be due to slight differences 
in discrimination levels. It is planned to examine the fission product gamma 
spectrum of both Pu and U235 in the vicinity of 450-480 kev using the 256 channel 
analyzer to determine the sensitivity of this effect to discrimination level. 

using 
35 monitor 

Preparations have been made to make four irradiations in the 10 1/2-Fnch graphite 
lattice with the 19-rod clusters of Fu-A1 fuel in order to verify sane of the 
previous results. 
inch lattice. 

A similar set of four irradiations is planned for the 8-3/8- 

-pRTR Startup EXperiments 

Rough drafts of the Detailed Procedures for Critical Tests 1, 2, 12 and 13 
have been prepared. A general description of these$-*?Qi qe.oontained in 

-. 
** 

EW-~~~OO-B. ;, :; , k. 

.. $9 * 
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HW-64644 

Cri-cizal Facility i;f t.he PRP 

Wzen the &aft of the "Proposed Studies for the Critical Facility" vas circulated, 
the Appendix had not been prepared. 
lated to those who have received the draf't. 
d1A.s which will help in planning for the facility. 

This section now has been -mitten and circu- 
The Agpendix contains program sche- 

The design drawings for the reactor tankp grid plates, moderator storage tank, and 
poison injection system were reviewed. Initial positions for temperature and flux 
monitoring devices were suggested to the designers. As plannedthere will be 10 
I;ositions available for measuring the temperature in the IQO moderated facility. 
Seven of these positions will ftrrnish a vertical profile of the temperature. 
of the seven sensors will be equ8U.y spaced in a vertical line in the facility. 
Their radial position corresponds to 1/4 of the total volume of the tank, 
+&ee r-ng sensors will be placed radidly at positions which each represent 
a cylindrical annulus of 1/4 of the total volume of the reactor tank. 
single sensors, and one of the vertical string, will be placed horizontally in the 
ad-plane of the reactor. It will be possiblep however, to reposition the sensors 
for other reackor configurations. 

Each 

The 

The three 

Eim holes will be Aunished as flux monitoring holes. 
they me in equivalent lattice positions. 
the tank cover. 
radial traverses can be positioned fran the top of the tu. 
obtaining radial traverses is provided by a tube which runs through the sides of 
the tank. 

Six are placed so that 
The other two are on the periphery of 

These two are arranged so that a mechanism which would take 
A second means of 

The holes which monitor the flux are the same size as the ones which receive %he 
temperature sensors, Therefore, each hole can be used for either measurement. 

An experiment to measure the cha.nge in reactivity of plutonium samples as a f'unc- 
Tim of irradiation is being planned in cooperation with Plutonium mels Develop- 
ment Operatior. 
(XPR) and the reactivity measurements will be conducted in the Reactivity Measur- 
ing Facility (RMF). 
effects on exposure lifetime due to different initial concentrs;tions of PL-239 
and Pu-241 (Phoenix Arel) will be obtained. 
3- answers to this important qyestlon can be obtained prior to the operation of 
the PRPCF. Secondly, experience will be gained for conducting and analyzing 
Similar experiments in the PFWF. 
in the PRPCF as well as in the RMF. In this way, a check on the analytical methods 
Of analysis can be obtained since the same quantities will be meaaured in different 
facilities. 

The irradiation will be made in the Materials Testing Reactor 

The purpose of the experiments is two-fold. First, the 

By utilizing the M!R and the RMF 

It is planned to measure several of the samples 

Effect of Absorber on Neutron Energy Spectrum 

The inves5igation of the effect of an absorbing cylinder on the thermal neu-zron 
flxc spectrum in the surrounding nonabsorbing moderator is continulng. 
ing the Breit-Wigner resonance in the ordinary l/v abscqtion spectrum has resulted 
in sane in",e@s which are difficul3 to evaluate. 
cedure for these integrals has n& been found. 

Introduc- 

A satisfactory evahation pro- 
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The solmLn~n $2 the pr5ols.a of l/v absorpicn in the rod, without the resoname, 
Las Seen prop-ef~, an3 is ww being deb-dgged. This solution uses a reciprocal 
blackness xEch depends up02 which has been found to be M extremely good 
enrcxima-lix for nost af' the energy =.we. 
and will give atput sizU.ar to program ARMIE, which use<, aowever, a less accurate 
rezriprscal blazkness depen2;ence which vas linear with E. 

The program is called ARMIE 11, 

Lwtrmentation rud %stems Studies 

The perid pcrtim of zhe PF.TR sontroller evaluation has been delqyed due to the 
faxuze of the cont;racfor i~ capletilly the construction work. At this writing, 
is seems 2roba'sl.e that tMs work can be performed awing Septem3er. 

A hazards analysis was s5arted on the analog canpter. 
of the original hazerds aslysis canpleted in 1959. 

It is plarmed to r;se cze of t23e expezimental neutron counters being tested for use 
iz; ?Rm. Critical Teszs to ob-cain tbe "noise" signals required to measure the PRTR 
aeutron lifesim. 
seasitivity will be aciscpate ftr tM.s tme of measurement. 
2etemine the m&.gnit&e of the noise signal during law-parer operation will be 
made a5 so03 as PR!l!R is sfarted up. 
larger cowter kibe car be fr3riceted by the 300 Area Tube Shop. 

Wo~k was cxmplsted 02 a Uait Motion Camera designed to assist in measdring move- 
men'; of tke PRTR CQankfa with respect $0 the tap shield. 

TesC,s cf the effects of ginma r&atiorr on several infrared transmitting materials 
for possi3le trse in tape-ratuze rnea,weaents in the mels Examination Facility 
were cmgleted an2 a nao kas been written describing the tests and results. 
i3riefljr9 Loses cf lCj8 a rssdt in lmering the transmissian by little more than 
13 prcmt for gemium, silicon, ant2 arsenic trisulfide. Arsenic trisulfide 
sv.ft=rs haage to its s-zrface finish an& this effect is the main reason for the 
loss cf frwsmissim. 

*%e Phaje L pxcess tcbe inside diameter measuring probe was assemM.ed, calibrated, 
an3 deift-ered ts Materials Dexrelqmerli; Operation. 
ments was well within t5e reqci-ed specificztions; narever, the plyvslcal configura- 
tioc mw", be iaproveC. 

Ac order Las been place5 e.tIc ^,he Magnaf2ux corporatioc fcr 6u F-400 series e&* 
c-~ent irstnrmeat for USE. in 2erfomirg the PiiTR process-tsshroud-tube gas gap 
measwsnent. 
aligned frs quadzstze io the process tube, with the insC,ment interrogating each 
probe alzernatelp, utilizirg e tiwell time of apprmimatelr seven seconds for each 
pmbe. 
Cf 02timlzi;lg gmer L,rms.fer beiLng evaluaked to increase over-all sensitivity. 
T?ie ~~38% jig tc >e lrsed for final calibretion of the instmment has been designed, 
a& fs3ricat,ior Is 79 pe;.s~nt ~.,aplefsd. 
%e p-m-fniky r~f tL;e sh-0x6 tGbe wztk respect t;c the process tube with an acxracy 
5f rJne m..L, 
thicknesses t*krmgl-.o-a zkz razge cf izterest . 

This work is an extension 

However, tkre is sme question as to whether the counter 
Prelbbary tests to 

If adt2itiona;L sensitiv'ity is required, a 

The accuacy of test, measure- 

!@As imt,rument via be used in conj-uiction with two dual coil probes 

Work 5as cor;t;irxe8 GIL tne daaign cf the probe assembly with vwims methods 

The test jig will be capable of vXcying 

will ~z-mnodat,~ eec5iznG of ryxess C,:bk?g having various wail 



TL? evaluasion sf -,he ase cf c-ztkogmalized qonenti&s for ase in analyzing +,be 
%road%na eddy cxrzsnt teas si-s 2s 3eing continued. Dr. W. H. Huggins of Tke 
Z@?ss HcpWas Universi$y, 8 lsader ic the field of signal tbeory &id the use of 
:rt;Lcgcndized expnentiala, visited Edord by invitar,ion and o,onducted a seminar 
on 5hese su3jects. Detzilea discussions were held with Professor Hcggins which 
mqr le& to a researzh zontrsct with %he University concerning the qplicstion of 
the principles of sf& space concepts to the broadband eddy current problem. 

Tnelrs are severel dr'ferznt ways in whl& the principles of orthogcnalized fun@- 
ti~ns may be applied to eddy current nondestructive test,ing. One approach using 
f%chniqyes of aim aaaJysis used at 3ke Johns Hopkfns GniTrersity in a diffezext 
sF2li:ation would ramre =citation cf the test coil by a selected driving f'unc- 
+;ion. 
reversed in time and applied to a3 orthonormal filter designed to read out the can- 
pceezta af th? non-reverses signal on a selected orthogonal basis. "he outpt Gf 

the ofihcmrmal fLlter worrld 2rcrvide a set of numbers whose patterns, it is ex- 
pected, can be related Cy0 different test specimen parameter ccndi%ions. The time 
revezsal requirment presents a practical problem which wocld complicate the appli- 
=ation of the prcposed method 50 actual test instments. Various ways of perform- 
ing *he time reversal in the few tens of microseconds' range required are being 
emsidered. 

The pulse outpt of the $est coil and input bridge ciraiit would $hen be 

Th? possibility of elhhating the need for the time revers& operation by use of 
specially constmcted driving Renctions is being skdied. 

Machining estimates on the recently designed device for rotating and translating 
test gieces dcring ha+, transfer tests indicate that appraximatelg 550 man- 
hours will be reqrired for fabrication. 
al5ernativs, less expensive method of scanning. 
Ln %e latbe and %he hductior, heating coil and radfatfcn pyrometer will be trans- 
lated along %&e length of the test piece on the tool carriage. 
iIic?uction heater 0utpc-t lesds will undoubtedly cause a ar3blem. 
severi3y of t:;lfa problem cm only be dete-mined fxper4&nentally. 

A lathe is being &p%ed $0 test, %I 

test piece will be rotated 

Motion cf %e 
iiciwever, the 

SeTr3ra.l indw$io= heaters 35 HAW vhieh would be svsilable on 9 part-time basis 
for use in ",e heat trawfer testing studies have been =vah;ated. 
parer that :8n be induce6 in an alumlnim-clad fie; element fran a single tm 
ssork CCL witk these &ts is about 1/2 KW. 
a 10 Kw induction heater to be loaned by tbe Radio h-equency Cmpany. 
ing 5G Yae manufact5crer, +,his unlt should bear our samples efficientlv from a 
sir&e turn coil sf 1/8-ind~-diameter copper t~M.ng. 

P-e maximum 

Arrangements %ve been &e to svaluste 
Accord- 

Maiifications of the infrared radicmeter head to inckdde a 12-inch-diameter Can- 

mercial-quality objec5ive mirror have been made. TLe purpose of this camge was 
to allabr greater separation betTeen the test piece and radiometer, an6 tO redues 
inc,erferencs f'rm the inau3.icn heater work coil field. Reductroc k-~ ?f?icieney 
ke t-3 imperfeczions in tke xmnercial quality mirror systa vere greater than 
xpecsed, iC, will be necessary to 

A lead selenide refrigeratsd infrarPd 
1G9 m/watt for a 500%. blsckbody ks 
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om tbe spectral detectivity characteristics, 
si;ms tkat i5 wili prmiibe B factor of approximately 24 increase in sensitivity 
Jf t2-e radlmeser ir, tEs range. 

Since the de",cti-v-ity cf most infrared detectors depenck strongly on the spectral 
distributim of the incident radiation, it is desirable to how the spectral 
emissivity of the radiating object. A section of x-8001 cladding frm an auto- 
claved fie1 eLemer;= tas bean sent to the Naval Ordnance Laboratory, Corona, Cali- 
forrsia, for E spectral emissivity determination. 

me single vacil'uzn, tcbe self-excited oscillator type iniiuctive thermometer has 
re&ly deteete6 e. 25-degree Celltigrade "hot spot" on wA aluminum can. Electrical 
ncise cke Cuc vibra5ion of the test probe caused by scanning was equivalent to 
abmt four degrees Centigrade temperature variation. It is desired to reduce this 
by a fac5x of 5 to lG, and circuit changes.to accanplish this are naw being made. 

Tie AEC Division of Reactor Development has authorized a new research program on 
e"e3ded lifetime neutroz detectors. MaJor emphasis will be given to evaluating 
%e possible uses of plutonium isotopes for minimizing the tmget atam burnout 
problem experienced vith conventional neutron detectors in high flux reactors. 
SackgrouLcld informatior. is being obtained for the initial analytical investigations. 

Eke balance cf $32 program will be devoted to exploring other new ideas for im- 
provee rreutzm detectors. As part of this phase an Invention Reporty Hw-66574, 
was sllbmittei on a nev neutron detector for in-core use on high flux reactors. 
Iz tLe methd descri3ed, a gas is placed in a microwave cavity In the neztron 
field. 
rozaticnal states itill be changed. 
of dcrmave syeetroscopjr. 
gas was selected because iriormation is available on mir,imum detectable 
tiors. %;?e zesults of this calcularion show that at a flux of 1013 n/cm sect a 
me pirzent meas-zaneDt ca Se made, with a ten-second time constant. Since the 
method is inLere:?$ly insemitive to gamm radiation, high temperaCuures, and gas 
iquit.iesy aaqy of the current in-cDre monitor pro3lems might be alleviated. 

- -c 

When a neutron is capklred Sy an appropriate gas nucleus, the molecular 
These changes &ne then detected by tbe method 

A calculation was made, based on the gas CNC135. This 
oncentra- 2 

Lattice Pdm~etez MeP,surements 

The eastmer ragorts on the pc!TR measurements of tLe resctivity effect of a 
st.didess smel lzop tuke i~ the M;cR (m-66181) and the M;cR control rod worth 
(~w-63767j are now Seing distri?mted. 
50 $he data ?arly i:: the month, Etnd the values quoted in 30th reports differ 
alightlg frm thcse qirsted earlier. 

A revised nitrogen correction was applied 

Tne asi;mer report on the PCTR measurements of 
enrichment (34-66182) :has been cmpleted an12 is being prepared for distribution 
%rly ir- Sept mber . 

and f for UCQ fuel Of 2.6 w/O 

A SuItmiZT- of e pa9~2: m $he measurements of the reactivity effect of a sfairJess 
stesL txbe and of ka ane f fc.r U% p.21 of 2.6 s been aiib&%ed 



f~r p?Eeentazion 5-5 tke December, 1960, meeting of the American mclear Society 

in San Frs~ncisco. 

It%& drsfc,s 3f papers on the FCTR measurements of the EGCR zontrol rod strengkh 
md XXR lattice parameters have also been ccanpleted. 
Xrclear Science and Ehgineering for publication. 

3-is work concludes the lattice physics work in support of the Gas Cooled Reactor 
PrOgrEiill. 

These will be submitted to 

BIOLOGY AND MEDICINE - 6000 PROGRAM 

Atmospheric Pkysfcs 

New sumnaries of maas and exposure detellninations for all samples collected during 
the Summer 1959 field experiments in atmospheric dispersion and transport were 
prepared. 
the ErmouTlt of tracer material collected on the fFlters were utilized. 
data tabulations and casds were forwarded to the Air Force Geophysical Labora- 
tcrLes for use in their canputation program, and for inclusion in the Geophysical 
Research Bpers that will ccmprise the general report of the "Green Glow" work. 

Camiderable editing of the data canpilatiom for distances of 8 and 16 miles 
fran the source was required to account for the missing entries for samples used 
in earlier attempts to calibrate the tracer system. 
data were obtained f'run the vis& counts, neutron activation, and, Tri-Cub 
xcnts and were inserted in the summaries with appropriate notations. 

AcCJivities in the current series of field experiments in atmospheric dispersion 

Be time interval of release of the tracer material was increased from earlier 
sxseriments to provide a greater ratio of release to travel time as required in 
Pasquill's "bet.a" theory. 
from a ground-level source, utilizing both the horizontal and vertical sampling 
grids e 

In mr pzelbinsry work on precipitation scavenging processesp clhatologizal 
dmmaxies of precipitation and fog were prepared for the Hanford Area. 
qatims to determine the predictability of precipitation times and intensities 
were started. 

Calibration curves based on the phosphorescence method of assaying 

IBM 

Best estimates of these 

transport included completion of three additional tests in five attempts. 

Dosage data were obtained to a distance of 32QO meters 

Ibvesti- 

Our large, thin NaI crystal was remounted on a large light pipe. 
hzrsved the resolGtion of the counter and its response to sources in different 
p3siC,Fcns relative to the crystal. 
nclfse razio. 
lass +,ban one milligram of uranium in a person's lung, 

An AEC: Radiological physics Fellm made a detailed study cf our presen* plutonium 
wmd "outer. 

This greatly 

This was done at some expense of signal to 
Tests indicate that this improved counter should be able to detect 

TXs coder is actua,lly calibrated separately.for each individual 
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cysc of a wo?xxi; :?:-m-~e~; t;ie ?resent stuciy icdlcstes wLat over-all perfomaxe 
c&z be a;ected cf Ske s%sber. 
Fizst, %:-a% 2Lii9EiuT zmlf Se spread througliout an area one centimeter in 
Liueke: LTL still be nzaes;lred ccrrectly w5en a point source was used for cdi- 
bratix.; seconfi, Yee FositionLrig of a wound under the couter can be in elrmr by 
62 mch ES C.8 cm wi;hout qpreciably effecting the measurement. 

Two particular obsenratiozm of interest were: 

"be positive ion accelarstor operated satisfactorily during the month. 

A gre?it;ioz. lorig xn.c?te,- &e at Word and one made at the Nstional Bureau of 
RmA&* 'der? testel! at 7 neutron energies between 0 .l5 an6 16.7 MeV. 
:ount,era slimed a relstfive sensitivity within 0.3$ of each other at all energies. 
Tkds was conslderet R vezy significant yesult in the development of reproducible 
caaters. 

Tbe 

I-*; ws fmdi tbt the Perllrw sgeztrometer was respoilding to neutrons that should 
ka? tean :u%si2e its range. .TkLs effect is interferia vith the measurement of 
17; 2rierU xl;tron syectrs. 

Idetkcds weie develo2ed for measuring certain characteristics, oscillator eff ici- 
ency ad!. gas flm raLJes, t&t affect the operation of the helium ion source 
baing pzepazed for $he Van de Graaff. 

Ori the eibice sf +,be National Emreax of Standards a new value was used for the 
haif-life CZ Co-60 in comparirig oxrs an6 tbeir measurement of their standard 
scxrce. 
agreenerrt then reported last month. it is believed that m- measurement is the 
mc;ze accrxlte. 
?ik??J~rC r2c-li.m smrzes. 

?%is rsAte2 in 1.7$ difference between OUT results which is poorer 

The ganma ray calorimeter was alsc used to measure one of the 

?ixl tests vere &e on the beam current stabilizer for the electron VarA de 
Gzmff. 
Graaff. 
sv;e? syata~ tn pre-relli; co~oria discharge. 

T?ae stabilizer has su:r,star,tielly improved the performance of tne Van de 
It 78s found TizCefiSqr to redesigr the high voltage portion of the beam 

'Litlc! A3C Ellms ;=sea tk.e slectron beam cdorimeter to &e a measurement of tbe 
sfoppiiig pcrwar of cluninum fo~ high energy electrons. 
rneasuP.ae;i", 2f tLis q.~e th3t we have Icade and it contains maqj- errors that can 
-x re*!.cc& 3r %ifin%$ed, tle result was very close to that expezted on thsareti- 
cal grcKlLCis. 

Altbciuqh this was the first 

TWO %br AE Fe!,lOVE measme2 the change in resistance of a silicon diode when 
expsed t,> ~5-6~. ~t, was qectec~ $kt a significant ckmge uadd tde place if 
3.e irrdiation -r/s,ze dose st liqiiid nitzagen temperature. 
YES amiirlexklg leas than that expected. 

The change observed 
The reason for t3is is not known. 
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bents will proceed using the devices. Dio minia- 
wre hand-held gross alpha monitors (transistorized) are now being experimentally 
fabriczted using tu0 0.75-inch-diameter silicon diode detectors. 

A design was cmpleted for a medium-level alpha air monitor which utilizes a 
zechm2cal method of time constant introduction to compensate for the filter 
deposition sf natural background (radon-thoron components). The design calcula- 
ticns show a time-to-alarm of two minutes in an atmosphere containing 1.2 x 
w/cc of airborne €h239. The filter collection efficiency is nearly 100 percent 
for 4.1 particles exceeding 0.1 micron in size. 
zossible through the new innovation, and all circuitrjt can be easily transistor- 
ized 

Considerable cost reduction is 

Tle log quantizer circuit, using a tunnel diode as a voltage camparstor, was tried 
with the RIDL 200 channel pulse height analyzer. 
-5hart of a gaauma energy range frm 40 Kev to 1.3 Mev. 
is quite useM for low-level source work. 

It permits presentation on one 
Over this range, the unit 

Good experimentdl progress WE~B made concerning the miniature thermoluminescent 
dcsimeters. 
radium gamma dose range frm 1 mr to 1 r. 
extended down to 0.1 mr. 
ponse versus gamma energy values using the Calibrations Operation facilities. 

One unit was fabricated a& successf'ully tested over the accumulated 

Arrangements were ccxnpleted to permit obtaining of res- 
It appears that linearity can be 

The Dog Counter, designed for the Biology Operation and ed for 1.5 years now, 
is being modified to permit in vivo determination of Ce 1E in various animals. -- 
The axperimental prototype scintillation transistorized alpha-beta-gamma hand 
ELnd shce counter, which was used in making as-built plant drawings, was reassem- 
bled, sstisfactorily testeci, and was returned to general personnel use i2 the 329 
Xi1ding.- At later dahes, the prototype will be demonstrated at 100-H Area, 
Pura9 and BiOlOao 

A nev digital &meter and turn integrakor system was developed and tested for 
tae robot monitor. The measurement makes use of the sum and difference of the 
mot,ions of %e drive wheels. 

Tke manual entry keyboard for the whole body monitor m.ltichannel analyzer vas 
assembled and tested. Pre1him.q operation was satisfactory. 

IsotoTJic Anal?/siS 

The mass spectraneter for this program operated at abacrt 125 percent efficiency 
duriI?g this month while two technologists were available for operation. 
vas dme in spite of three days time lost from operating difficulty and mainten- 
ace e 

This 

In order to de5errmne if there is a systematic error produced in isotopi:: analpes 
by t,his nass s~e~ctrmeter, the results of 22 analyses of Eatural uranium performed 
over the past 12 months were statistically canbined. The canbined result yields a 



B-21 

v-:-c. ai' :Ye.7188 C O.GOG8;atm percext Lg35 where the error is the standard error 
sf tlze niea0 
__ ,~.ir,ea z,-5 KAB of (0.71% 2 0.0006) which leads to the conclusion that there 
zy XCI iste.;%~le over-dl mass discrimination in this instrument. 

",Ls result is not significantly different frm the best valite 
-.-+ - 

CFELL'EX~O~ of Yr;e PCTR continued routinely during the month. 
~JZC skdtdo-m zaused by faulty by-passing technique. 

T.e 5% LELW~ rJtrate-%O experiment for kd at H/U = 8, and the 1% U3.%0 
eqerment for k, were capleted. 

Be Npfi cs,rilensed lattice experiment for & f, p, and E, wet and dry, was started 
&zing the zon%rLe 

There -is one UnscLeCl- 

XST!OMEE( WORK 

Wwker Fcrccasting and Meteorology Service 

Number Made 

93 
62 

147 

$ Reliability 

85.6 
80.2 
83 .O 

~~~er~?~rers &sing Augcst ranged frm a high of lo5 on the 11th to a low of 41 
rn t,k~ Znd. 
r5xn-i Lgdt low established in 1918. 
~5f't. rum?& w6s 710k9 which was 2.7 degrees below normal. 

oixrred cn the ewning of the 2nd and the morning of the 3rd. 

Tl;e latter mark came within one degree of equaling the all-time- 
The mer-all average temperature for the 

The precipitation 
cf 0.26 ixh was 0.10 inch above normal. Intense thunderstorm activity 

n.r-.qAt&.fon --- serb71ce 'was rendered on meteorological and climatological aspec5s 
cf 1 

clf k:&e elestrl.-ral transformers in desert regions, 3) the frequency of suita73le 
Cky-s f-:r pmring concrete during the winter months, and 4) contaminant. releases 
f:..<au ;he Sepsx~tions Area proeess stacks. 

l~.kt.ecrr,lcgL~a3 s?rvic.es, viz e weather forecasts, observations, and climatologi- 
253 se:-rices> were provided for plan% operations and management personre1 on a 
ro;;.ine basis e 

rcse.st.cr a-zidents, 2 I the environmental conditions attendant with operation 
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at *he Eiolog 0gtrY;ticn fcr mdker demonstration. 
sz-cisfaetory with a 203 d/m N239 source easily detectzble above warning levels. 

Operation continues to be 

At the request of Radiatim Monitoring, 100 KF,, a modified scintillation counter 
(13 3 lead  id) used for filter coul'lting was examined and tested. sThis modifica- 
tion vas earlier designed by tls to replace the fragile and anreliable mica window 
GM tubes previously used. 
because of excessive drift in an RF high-voltage supply. 

It was found that the scaler being used was fadty 

A hanger system for coveralls was designed for the mechanical porCion of tke 
Laundry Monitor Udt. 
monikoring (upha and Se*a-gama) is ccmplete. 

The hanger unit drops the :overalls automatically afier 

A special scintillation probe (for iology) for measurement of the 17-Kev X-rays 
frcm under-the-skin injection of Pu 5 39 was cmpleted in fabrication and is being 

tested. 

All +,es$s -$ere cmpleted, and only calibration work remains on the specially- 
designed in-cell beta-gama monitors and the special hot cell filcer monitor for 
the Chemical Reseamh Operation, HLO. 

Tbe FuZ39 (l?-Kev X-ray) Wound Probe for Records and St.mdazds Operation, Mop 
was cmpleted and initially tested. 
resclution and sensitivity of detection abilities of the probe. This unit has 
undergone extensive delays due to non-arrival of parts. 

Fabricatior- was cmpleted on the final 13 scintillation linear (0-200 mr/hr} 614 
Building monitors for Radiation Protection Operation, MO. In addition, a mag- 
r,etic amplifier circuit yas designed and tested satisfactorily for use wiah the 
monitors to permit driving of Leeds and Northrup Mixanax Chart Recorders if 
desired. 

Further tests will be done to determine the 

Arrangements are being made to perform a cmprehensive set of calibration tests 
3n the reference system for evaluating the Schaevitz DES-1CO (micro-displacement 1 
system to be wed by +he Plpical Metallurgy Unit for making in-reactor creep 
measurements. 
the system compatible wfth cannnercial eqpiwent in the Metrology Laboratory to 
be used fcr cslibrating the reference system. Present iatentions are %o me the 
Mekcology Uboratcrj -empent for a final9 composite reference system calibration 
before placiw the reference system in service as a reference standard. 

M!or modifications to the system suppor+,s are necessary to make 

A problem ccncemirg the dissolution of zirconium alloy cladding of reactor fie1 
elements was cmpleted on the analog computer. 
request of the Chemical Research and Development Operation. 
saSisfacSory. A nemorandum report was issued. 

This work was performed at the 
The results were 

Tke analog cunwter was used to determine the effects of changes in various heat 
transfer coeffizients on a calciner step function temperature response curve. 
With tbe aid of this infcmm.tion and tkough consultation with the castmer, i5 
was possible tc determine several sources of error in the coefficients Gsed in 
the original system eqyations. Correcfions to the equations and to the process 
section of tke mnputer simulation circuit have been made. The complete closed 
loop sgstem will cow be tested for stability and satisfactory responses to various 
':-yes cf disturbances. .* 
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raa:%or fLe1 ?ompnents vas cmpleted. 
Management report being prepared for the AEC by HLO Operations Research. 

for determining isotopic concentrations ir- 
This is to be included in a Nuclear Materials 

09pics 

Fabrication of a Zyglo inspection device has been canpleted. 
be used to inspect inside surfaces of 1/2-inch inside diameter tubing for small 
flaks. It provides an alarm signal when a flaw is in the field of view. A bore- 
scope is us& to relay %e fluorescent light of the Zyglo penetrant from the flaw 
TO a pl=&.m-Ati~lier detector. 

T-e iF+’rared ra2iation ratio pyrometer to be installed on the metallograph for 
Pbysicd Meta.lhrgy is being calibrated against the Barnes radiation standard. 
It kaa prformed well over a 4OO0C to 500°C raage from as law as 4OO0C to higher 
than 10003C. 3naLl changes in the thickness and gecmetry of the filters used 
rffe-.t tne rang2 tind linearity of the unit so efforts are now concentrated or, 
cmering tFx 51?O°C to 1000% range and obtaining more linearity. 

3-3 constrdztion af the infrared radiation ratio pyraneter under development for 
measuir-g. the taperatare of FPD Zircaloy-clad uranium billets has begun. Elec- 
C,rorrLc capcaenr,s we being assembled in 328 Electronic Shops md the mechanical 
cmponent*s are being fabricated in the Optical Shop. 

Two infrared radiatix pyrometer telescopes have been fabricated and delivered-- 
one ‘ta Fplj and one to the a0 Ceramic Fuels Operation. 
kh~ckA permits vieviq of an upright image of the source while its temperature is 
being meamred. 

A ro5al of 984 manhours of optics shop work was performed during tine eight week 
period (JG~Y 3 thru& August 28). 
for lPDr 18 perzent for CPD, 47 percent for mop and 13 percent for others. 
t. ark inc=lu;ie3: 

The device is to 

All are of the same design 

Of this, 15 percent was for FpD, 7 percent 
The 

1. 
2, 

3. 

4. 
5. 
6. 
7. 
8. 
9. 
10 0 

FLbricrtion of three infrared radiation pyraneters e 

Wxicstiion of a projection lens for an optical interns1 diameter 
rrdcrameter 
E\r&p5r&.5ion cf gGld on twelve silicon wafers to be used for silicon 
diodes 
&brii.a%icn of ten quartz windows. 
Lapping three pump seal faces flat to ten microinches. 
Fabrication of reflecting optics for an infyared pyrcmeter. 
Repeir of fox crane periscope heads. 
Preparation of glass frradiatioE samples. 
Griding &ad polishing 24 microscope slides. 
CollWk,im cf one pair of binoculars. 

m. 1-5 Erjor pr3hlmc cn tb;e andog zmpters this month were: 



T4-E? tape trwpr5 relay mita were receive2 and then ret.irxed 30 Yae fac*ory for 
modifications necess- for them 59 meet om specificstiors. 
shipped frsm t5e faczory by wst 27, 1960. 

The dts will h,e 

GEJA 

EASE 14'2 hours up 
32 hmrs idle time 
1 hm -inscheduled downtime 
0 kws scheduled dvmtime 

.- hours ?osal 



. 



IRRADIATION PREESSES 

'Jrar,i.m Oxidar-iora md FFssicr: Pro:'cct Volatilization Studies 

Study was =Le of Iissicn product release from uranium irradiated to about 5 x 10 
LV+, (twiee that of" my previcus run) and heated for 24 minutes in air at lU5 C. 

&e measured per ecCv releases were: I1s, 35; Xe133, 95; Tel32, 57; Cs, 23; Sr, 
ar;d %-LaLEa be%een 3.1. ad 0.2; Hog , Np239 and Zr-Nb95 between 0.01 and 

17 

0.1; az& tk rare esrths less than 0.01. odly the measured release of cesium 
deviates to ac appreciable extent over that measured at the trace level. 
attrihted tc ioabili?;:es *a recover ami analyze the very small quantities of 
cesiun: pesezt tit the trace ieve:. rather tbn to any scale-up effect. 

This is 

NPR Effluwts 

Oce candi2at.s decorstamhating agent for the carbon steel portion of the NPR primary 
molant lcop is Tureo 4512, a commercial phosphoric acid cleaner. 
ation waste resdting Porn the use of this material is being studied with regard to 
Fhcsphate ioc remval as Fell as possibie radioisotope removal prior to its 
disposal. Experhients showed tbt mre tban 99 percent of the phosphate could be 
remved by ne,it.tr&lizatioo w:th Ca(OE)2 and that mre than 95 percent was precipi- 
tateci x2th CaO trea:ment. nese removals were possible only with long settling 

The decontamin- 

tims OF cen",i 3 ugatior. arzZ hrge excesses of the calcium compound. 

Resctor Efflusl=+, TroatmerCv 

%e pi1c.t SCLP faci;i-y fcr rsectcT eff'luect treatment operated continuously fr m 
68 Aug;~t L tc Eoxh e1~5~ M,ter teL days cperatian, 52 percert of the influent Cu 

az2 L- prrcert, of the As76 weye 'xicq retafned on the aluminum turnings bed. The 
decczt.&aa%ioL was a3oL;+i tb-:, edcpeczed aftor the relatively short operati.on. 
EqLili?rfu= is expectet tc be achieved af'er three to four weeks of operatior. 
Pre-.s-c?o &x? &cross tbc be: ix?eas?d frc~ twc inches to four inches during the 
peric5 cf c?cra+icr. A fexzpra';ure 2x-g. of 1 to 2 C across the bed was recorded. 
Rs2iz4:Fcc leve; a', the zcirf of maxbm clcse ra+? against %he tank wall reached 
32-0 r.??/hr. 

SEPWiATION PROCESSES 

Feed Eepara5ion 

Rcdcx Srltil5fpuppcse Dissclvsr Slag SaqLe - A sample of" the slag remaining in the 
R&zx MIL?LFZ.?.?OSE Diseclver after 8iss~lufioo and deccntadnation operations were 
ccz~-~:el bas Seen okt~5ze2~ az5 2efaltPurgicaL exarcinaticr: has been completed. 
Tte smp;~ o-r'tainst we:ghe2 ap;rcxd%el;yr 133 grams and resembled a furnace 
'@,-i ,,.-,ke~" +.- ir appsar%cs, Although the grey-'slack outer surface of the 2-1/2 inch 



fzr.xm core rsszm52in.g cut stairless skeesl. Tkis ine5aEic surface vas 23'; actlce- 
&ly attacked by 5hree kcup-s lnmersioo in boiiiog ai2ric acid. 2%e ample was 
Zissclved in aqua rggia, an2 malysis isdicaxeci. the ample was appxximately 72 
sercecc iron, 9 perzect clircmhm, 11 parezr+, nickel, and 5 perceat, urazlun. 
Pkase diagram3 irdicatz k5at teqeratwes 92 excess cf 130G C exis.+,ed iz. rcgiczs 
of %e dissolve: 5uring %?e iccfiec': e 

Zirflex Process - At*ack of XPR Cores - The rate of attack by Zirflex decladding 
solu+,ions on several uranium aiioys which h8ve been propserf far MPR fuds vas -- 

aeasured. 
W'Ath dissolving Zircaloy-2. ConCitions were such that ths 8isscl'.rcd zircorfrun 
cozceotratlon iccreased from ze-o to about 0.8 M in foc hours. 
the uranium ahlop was detedzeC: ratxer than s;lu*ale ya-,:un wkich vculd 5s lcs: 
tc the decladding waste sokation. 
pericd) on U - 2 percent Zr, aad U - 1 percent Zr alloys was abcuC, 0.28 g/hr-sq.cm. 
lk these two cases it was not possi'cle to dissdve Zixaloy-2 tc 0.8 - M zixcnium 
Secsuse of the fluorfik ued in the foncation of Ve4. 
attack ra$e w&s 0.C24 igb-sq.ca. on U - 5.38 percenf Zr, 0.0lg g/fir-sq.cz.. cn_ 

U - 0.045 percent Zr, acd 0.033 g/hr-sq.cm. oil U - O.S3 percent Si - C,S2 percent 
Fe. 
in 5.5 

Samples of the alloys were eqosed in the declaeding solGC,lcIzs alosg 

Tot& at%ack on 

The average attack raze (over the focr-hGL- 

Similarly, %e werage 

The average penetratioc rate for alumin?xn d.1~~ 5051 during one hcur eqcsuze 
NH4F - 0.5 E NE4NO3 at 103 C was less than one ccg/hr-sq.cm. 

Solvent Extraction 

Purex IBX and 2A Columns Studies - A series of ms were made in +,hree-iccb diameter 
plrlse columns to demcstrate the sui5a3ility of aozzle plate cartrilgos for the - ~ 

Purex lBX and 2A Colllrcns. 
percelrt free area cozzle plates wi5h the 3/16-fxh 6iameter nozzlzs poiofiug ap. 
It also had 28 percent free area louver plates located at four-foot i;?e-rvals. 
2A Colu;lm contained shilar nozzle plates which were spaced tkree iriches apart i 

tke six-foot high scrub section and two inches spar% in the twelve-fco5 high 
extzaction section with the nozzles pointing down. 
wi:2 she aqueous phase continuous =a tks 2A Colum was crqanic-ccn5fxcuao 

The 1Bx Column centahed 15 feet of four-io& space& 

The lEjx Colm was operated 

Tke 
.E 

!?lie msutbum sta3le capacity achieved io +,he 29x Cc1~~ was 1356 gal/&-sq.ft., 3-z 

of flows. To obkir. this capacity, it -as necessary $0 cp!ra%e at a5oL: 55 C. At 

42 C +he coklmz; was milCy mstaSle at the sauz raze- 
present Plant cartridge installed (33 percezt free area sieve plates with 3/16-izzh 
holes, 4-icch spacing) essentia3.y the same capacity was o5Sained. In 30th car',- 
ridges, two or three of the slates appeared to be orgacic -get. 
the tight, efficient emulsion would coalesce into large organic drops wkizh, vken 
rear flcodkq, obviously stabilized the col~llon at that pair;?. 
folrmeC by the nozzle plates, however, were smaller and should preselrt less of a 
channeling pro3len than those which were forraed by the organic-wet sieve pla5es. 
On this 5as4s, *he nozzla plate cartridge would 5e preferred slightly over the 
sieve-plate cari;ridge, al',hsugfi capacity-wise they have s2z21ar characteristics. 

The 2G Cokm operated satisfactoril;. at vcdune -relocities (extractioc s?c+<.or) ir: 
excess of 18CC gai/hr-sq.ft. , eithzr heated or a% mom temperature. At. C,hroughpt 
rstzs cf l0OC to 1500 gal/&-sq.ft., the dz:mun cperatfng froquercy fo? g5c2 sc:xb 
section performance (io=a, aqueous phase vel1 disgersed wit?, g2zster 5haz 5 percect 
koldup) ranged from about 85 cydes/dJ a2 the lower rate to 75 cples/iiii3 at the 
higher rate. Th9z frequency was typically a3out 20 cycl$s(nn . ,,* ,-. Selcw t,4s extrac5on 
and/or scrub instability Yizreshcld. 
for similar cartridges Zescri3ed in W-40550. 

In a bzfef +,?st wLK? %e 

At these plaxs 

Th-e coalesce3 drop 

The flcodlng data 'agreed, quite well w5~h data 
.?. 

- 
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--ex Deeostaxfration SxZic s 

The pcesikllity zhat recycle cf waste rewcrk streams Is Lnfrodccicg constituents 
cx?zibu$fng fo pocr 3ecorfdnaticn in th2 HA Column was briefly examined. 
La-ccrafory-grade 30 percent TBP in Shell E-2342 was contacted with a sqle of 
skulate5 Purrex F-8 frorc tZre 321 cold serofwcrks which was spiked with Purex feed 
activitLf, ani sa?sequer,-,ly scrubbed wit5 two molar citric acid. The distribution 
cf zircocttiz-ricbiw k'sweec the organic and this uc3iluted F-8 was a factor of 
five lower thazl that vftk an F-8 solution made up wit3 chemically pure chemicals. 
P-ts sane behavicr has beea 3bse-rved by T.R. HcKeozie witk Purex plant F-8 
mEta5L. 

A5tespts -&e to determhe if sclvert qualiC,y was loweyed by the contacting with 
CCX sexlriworks F-8 indicated tha? such was pro5a4uly the case but the results were 
stmwkat incozclusive e 

A rcagh :est was made to de5edne %Le effect on HA Cclumn performaccs of adding 
F-8 sclution 20 the EAF. 
ue5 to sindate the Purex €iA Colimn. 
irrsC,abilit.y threshold) tke HAF was switched back and fcrth between a control feed 
md a simZLar feed contai-,ing li percent by volume of a "cold" spthetic F-8 pre- 
pared and refluxed in Ye 321 BdilCiog. 

For this test the 2A Cclumn previously described was 
Wing operatfcn (at the scrub section 

With %he cortrol feed, a foaii, edsioo interface built up at the top of the 
scrub seetior. 
feed acd reformed on chacgiug back to tb contrcl feed. 
tke extraction section performme. 
consis5ert with observations made i=2 the Ea?<. 

The enulsion broke shortly sf-ier introductior cf the F-8 containing 
Nc effect was seen in 

This stabilizing effect of F-8 adc?ition is 

Ohsenrafioi Wells 

=.e contractx on Project CAH-88j coqleted six of the 19 wells, having drilled 
a C,Otd, of 1885 fleet. 
of eqL?nen% fsiLur5* 

The work is aSozt 15 bys Sehird schedule Frharily because 

Ee corsidor&.le %ickxess of clays a23 sfl$s encc-a",eref! in well 699-15-15 at the 
Harr'ord y,~ preclu&es The resky xverert cr" EX? grcun? water fron the vicinity cf 
%e sz-r,~r&fii;ns &reas kward tke CclumSia River tboug3 this site other than by 
means of %e okaXov, Ecozf"fne2 grcnm5 wcters. Tne first materials containing 
=they th8z large quartlsies of' sflt az5 clay beloir a depth of about 18~ feet 
<&Sr,?if 322 fczt dfitc<e) vel-? solce clem gravels at 632 feet. 
170 f3e-c below pfa Ls-L ar3 TesLy 5CO fest below the Columbia River. 

P-is is ahut 

=.ere ware co siC-ifLcaat ckmges i-, g~cm2 -im%er ccctami2ati.cn patterns ir- the 
vfciri5y cf the 200 Areas ~~rer tLe pas% mcrtfh. 

http://ccctami2ati.cn


of 7.8 perce3-k (S;r veigkt) fcr T9P was determined, coqared to a mas-xed vaiue 
of 13.3 percent for water. ??leseabjolute values are not considered particdarly 
sigrificant, but the relative retention of the orgacic compared with water is of 
iztersst. 
well with that predicted from the surface tensions of the two liquids. 

The ratio of these measured soil retention values agrees reasoaably 

Fluid-Bed Waste Calciner Prototype 

Operation of the prototype waste calciner has continued using tke extended-tip 
feed rozzle and a feed of simulated high-acid Purex waste at a rate of 15 liters/ 
hour. 

' 

Five rms were completed during the month. 

me first three runs were performed with a fluidizing gas distributor plate having 
smaller air distribution orifices than those in the plate used in the last two runs. 
Tbe smaller holes durizg the first three runs resulted in an air velocit-i through 
the air distrihtor orifices of 670 feet/second compared to 110 feet/second during 
tae last two m8. 
calcining simsllated ICPP wastes), the calcine particle size did not seem to be 
affected 5y the change in impingement velocity. 
in impingement velocity on entrained fines in the calciner off-gases (three to five 
gercen-k of the total calcine) could be detected. 

An interesting sidelight to the variatiox in fluidizing air impingement velocity is 
that erosion, completely through some of the 1/16-inch thick caps, was observed at 
the completion of the first three runs. The majority of this erosion udoubtecl2.y 
occurred durislg the eight hours of fluidlzation of garnet sand (at sonic impingemect 
velocit-f) while cleaning scale off of the internal elec5ric heaters. However, it 
does indicatz that a relatively short operating life is possible for a bu3ble cap 
type of air distributor operating at relatively high impingement velocities. 

Contrary to the resdts expected (and to those obtained when 

Moreover, no effect of the change 

Inspection of the calcine from runs using simulated Purex feeds indicates that the 
majorit-j sf the whole, siagle particles are in the - 35 to + 100 mesh size range. 
me + 35 mesh fractions are composed aknost entirely of agglomerates of the malls 
sizes; the - 100 mesh particles are primarily attrited particles of the + 100 mesh 
sizes. A;? increase in fluidizing gas velocity from 0.66 to c.81 feet/seccnd after 
oae hcur in one m was found to effect a slight reduction of 1.6 percent (from 8.7 
percent) in ';he total agglomerated; however, a la rger increase (approxina-:ely 5 
percent) in attrited particles resulted fro= the increased fbidizing gas rate. 

TRANSUFWIC ELEHEMT AIVD FISSION PRODUCT RECOVERY 

Strontium Recovery 

Hot Cell Operations - Two liter-scale hot cell ms have been completed with fd.1- 
level Purex lW. These runs were designed to test (and better outline details of) 
the flowsbee? which will be used in the Fhrex head-end equi9n;ent for isolation of'- 
crude strontium product suitable for aging in the 244-CR vault and subsequect 
fwtker purif'ication at the Oak Ridge F3P plant, the Hanford High Level Radio- 
cheaistry Facili$y, and the Bnford Hot Semiworks. The ms also served to define 
the composition of the crude product, which is the feed material for the purifica- 
tion processes. The two runs were successful in demonstrating the operability of 
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the prcz.ess ~5th f”ull-;evel xas5e rand 2ispelled coc~slrz tkt radicljrtic 3ecom- 
pcsitior: cf reagects wou2.5 “se excessive. 
nic>irUc, ruthecim, md zeriun wsre i~ ve-ry good sgreeaect witk earlier trscer- 
level experimects; Lswevez” overall strontium recoveries were lower thag expected. 
Although stronzim cErFjiag on the ini5ial sulf6t.e precipitate was excellent, 
about one-third was lost irz the acidic oxalate m3athesis (which removes rare 
earths aod lead), anL thers was furtber excessive 108s in $he basic oxalate or 
carbonets isclatfon steps. 
recovered strortium contsined no detecta5le barium, bzt the calciuxc to strontiun? 
retic (cn a mle basis) was 4:l. 
ic the Ranfor6 hot celi ion-exchange prification operatioc to abo.& 8000 tc 9000 
curies af stroatium-90 per run. 

Ikcontanhaticc factors fzon: zircocim- 

Tae best overCl recovery seen was 50 percect. The 

%is concentraticc of calcium wcdd liroit capacity 

’ Strc-tium Purificati0.a - An ioa-exchange process has been developed (though nct yet 
tested with full-level fee&) for prrr-ifyirg Purex-produced, aged strontium crude in 
the Eigh Level Radiochemfstq Ce2.s. The process is very simlar tc the promethkam 
purification process previously &~elo~ed and caz be applied in the same equipment. 
“be cm3e, contaiciq sC,roctiu, cslciwn, barium, lead, ironp acc! residual cerim 
an6 rare esrtks, is loaded onto a Dowex-50, X-12 column. “he a5ssrbed band 1s 
thec eiu-led wi4A plci 8.8, 0.C15 M EDTA solution at 50 to 60 C through Dcwex-50 
columns in the mixed copper-hyGSge3 cycls. 
of the strortium caa be recovered better than 99 percent pure. 
with four-inch primary columcs and two-inch secondary columns would range from 
10,000 t*c 40,000 curies cf s$roat:irm-90 per run (depending on the cornpsixion of 
the feed), the duratfon cf a ruc beirg two to three weeks. 

Laboratory studies show that tbe bulk 
Capacity of A-CeU. 

Tbree runs were made dwizg the ~OEZ~ in the A-Ceil equipment to test the above 
procsss with a cold, syntheC,lc fee.2. Although the process had work& perfectly in 
a series cf experiments in laboratory-scale columns, the first two A-Csll runs had 
50 ’be te-xirated because of pluggizg Qr ti. precipitate which fomd ir the cclums. 
35s perplexhg difficulty was finaLLy %=aced, after a similar precipitate beg= to 
fom In the turd run, to an insrJlu‘31e acid form of the chel%ting agert. Its 
fcmation was caused by operatigg the solution degasser at too high a temperature, 
%us evQlving amnia and lowering 5he pB. As SOOT: as the terrrperat;ure was lowered, 
t?ie precipiate began to d:ssolve: acd tke m is now proceeSing smootihly. 

Another ion-exchnge -process for strontiun: pr;Pffi-&-,ion also shows much prmise ad 
is operationally very simpie. %is Ixolves &tXjCrptior of sxrontim (ard its im- 
purities) on a Dowex-5C columr foLLowd by seq?xl;t,lal elut,iot; with buffered 
solutiocs of ~-lnydrox~-iso5ui,:2;.atE e LeaZ., ee-iuni, and caicim =e rsmved fxn 
‘,he eclumn with 0.8 H reagent at ~9 L.E. 
reagent at pH 6, axit3-kiurc. is fiaa2-y rezove2 from $he cc2m witk 6 M ‘HITO?. 
me strontium is o3tained after passage of fewer column volumes of eGte (30 
versus 100) than 112 the EDTA process and at higher concentration (8 gm/l versus 
1.7). 
scvarzage is i3e high ccst of the reager’; (teza cents/grm). Ar attempt will be 
made ‘,o substitute lese PxpessSve peag:.rts for tlze~-h.~”~cxy-isebut~ate slnce 
t3e cost of the la’;te: k-m3 ccn-,r‘_‘:,-;=. &3xt elevtn cert,s/curie tc the res$ cf 
FLPif Led strontium. 

l%e s-trolati~~ is :he= dufsd k-L*u% l.2 M - 

IL is also potecticy feasik8Le to use ody one colurrm. me major dis- 

. 



p*&rzFaily at?ractive metiiod f3r off-si5e shipnen5. Since the crude strcnzium 
which will be produced in %ex will con+&ic substantial amounts of cerium (&bout 
two percent of thas in 1WW accordiEg to hot-ceu tests), the behavior of cerium 
on Decalso has also been determined. Cerium and the o%her rare earths were found 
to absorb just as firmly as strontium. This implies that the 2.2 MeV ceriun; gamma 
wiL coctrol the axma$ of strontium which can be shipped in an ORNL Shielded 
Transfer Tank ("SW). 
ation factor of at least a thousand may be required if normal radioactive shipment 
specificatiocs must be adhered to in shipping strontium crude in STT's. 

Because of the above limitation, experiments were perfomed with synthetic 244-CR 
rough cut to detexnine vhether additional cerium decontamhatior. could be obtained 
by adding "colt2" cerium and precipitating cerium oxalate at pH 0.7. An additimal 
decontaminatior factor of 5 was obtained for an overall process DF of about 25G. 
This might conceivably be improved by repeating the precipitation but it appears 
very unlikely that an overall decontamination fac+ar of 1000 could be obtainad in 
plant equipment withoct the addition of several coqlicatiag steps. 

Shielding calculations indicate that a cerium decontamin- 

Strontium Carbonate Filtration Studies 

Consideration is being given %o the possible off-site shipment of strontium-90 
carbonate in the cask currently being procured for cerium shipment. 
studies have been made in the 321 Building filter (a thirteenth segment of the 
proposed filter) to deterne the "filterability" of the strontium carbonate 
slurry which might be produced at the Hot Semiworks. 
have indicated: 

Consequently, 

These preliminary studies 

The slurry can be easfly filtered if an equal amount of filter aid is 
added to the fine strontium carbonate precipitate. Altlough the filter 
aid dilutes the precipitate, approxiinately 250,900 curies can be loaded 
in a single cask. 

Tke filter aid strontium carbonate mixture can 3e partially dissolved 
with acetic acid and easily fluidized from the cask. 

Quantitatzve leaching of strontium carbonate in the filter proper wc-dd 

be tLi consuming. Tine cycles would be shorter If the slurry ?-rere 
fluidized from $he fllter and leached in an agitated vessel. 

'Slurry Dryirg 

A slurry of calcium car3omte (believed representative of strontium cartsorate and 
similar fission product slurries in drying characteristics) in water was fed into 
an agitated pot at approximately 10 ml/min for mare than an hour. 
performed well except for plugging of the vent line. 
the pot wall or to the agitator. 
the pot. 
15 percent were lost as dust in the off-gas stream. 

ANALYTICW AND msm- CHEHIsmy 

The system 
Solids did not adhere to 

No lumps were found in the residual powder in 
Approximately 85 percent of the total solids were recovered. The other 

7 
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Stroctium AnCytical Wrelopment 

Development continued on analytical methods in support of the strontium recovery 
program. a-hydroxy-isobutyric acid elution from a Dowex-50 column followed by 

L. c i'IdL 
3 p - I" I* 3 
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for "Lis mslysis was less than t;Wo ho1;rs. Futher 

hc5 con%nuous cerz+,rifuge kas been Srought withir. sa%..- - 
fac3oy-r 1;s;its ty murtisg the mackine firmly c11 a one-ton block of reinforced 
coccrexe. 
feed slurry of cero';s oxalate (atazZ-iz for plu~ozium. oxalate) at a fee2 rate of 
50 LZ?.ers/k-c. 
ce-t is the Llwable maxC~zd~~). 
liquid an9 were sticky. 

IC E snqr", process $.es5 tke ten-ifuge was operates at 6900 RPM wFth a 

The liquic? efflueit containej. 0.6 nt. pzrcezt solids (0.5 per- 
Tze discharged solids coEtaine6 30 wt. percen,Lu 

?%wee car5c~-grapkite pistoa plssrs were cperated pulsing water in a test SC~VPZ~ 

extxctio2 c"ulm, to stu2-y -:?Lek feesi3ilit;y for ase as Reclamtior, Facili2p 
pU;sers. Ma2or results 02" ",'ne s',udies iachde tie fcllowfng: 
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roox teayeratarc and at 5G C iz a one percect solution of sodium lauryl sulfor?a*e 
(Duponal). After 212 hcxs so cracks were apparent. The samples were momted 
wit2 3ne ecd fixed and the other displaced enougb to inpose a stress of approxi- 
mtely 4500 psi. 
enough tkat the final stress was in the order of 1600 psi. 

At the erd of the test the samples were found to have relaxed 

Griscom-Russel TLlbe-to-%>esheet Joint 

Huey corrosion tests were made on samples of a new type of tube-to-tubesheet joint 
developed 3y the Griscom Russel Company. 
ta a tubular stub milled from the tube sheet itself. Crevices are absent in a 
joint of this ty-pe. 
65 percent nitric acid; average penetration rates were about 0.8 mil/mo during 
ca. 500 hours exposure. 
+he heat affzcted zone of the tubesheet. 

This joint is made by weldicg the tube 

The samples %ested had good corrosion resistance to boiling 

There did appear to be a slightly accelerated attack in - 

NON-PROIXICTION FUELS REPFIOCESSING 

MaK Haacing and Fm Disposal 

m-66562, entitled "NPF Mechanical Cell NaK Disposal and Fume Abatement," is being 
iswed. mis document discusses the development of safe methods for deactivating 
the NaK reservoirs present in some of the fuels originaliy scheduled for Hanford 
reprccessing as a portion of the non-production fuels reprocessing program. 

Feed Pewration 

Zirflex Process - Development work on the Zirflex Process has been completed and 
tiocunent EN-55979, "The Zirflex Process Terminal Developmext Report," is beiog 
issued. 

Dissolution of Zircaloy Chiding in Acidic Fluoride Solutions - Laboratory work on 
decladding Zircaloy-clad uranium dioxide fuels in acidic fluoride solutions has 
keen ccncludeC. A feasible decladding scheme was established. Corrosion ?;ests 
indica5e one of the experimen+,al alloys proCuced at BMI (No. 20) would be satis- 
facL,ory material of construction. A report covering +de work on this procedure 
is in Freparatlon. 

- U02 Leaching Studies - Nitric acid leaching of swaged U02 from chopped fuel roas 
was izvestigated this month on a laboratory ad pilot plant scale. 
s2eel and Zircaloy-clad U02 rods 1/2 inch in diameter were used for the studies. 

Stainless 

In labratory skdies, the difference in U02 dissolutions times for different 
length elements was determined. One, two, and %bee-inch long sections of swaged 
U02 rod clad with Zircaloy were leached with 6 H nitric acid at a Hm03/U charge 
ratio of five. 
quickly. Eowever, dissolution was complete in every case in less than one-half 
hour. 
clar?ding resulting in high swface area exposure. 

As expected, the U02 dissolved From the shorter elements mors 

This fast dissolution time is atfribu+&d to erosion of the U02 from the 

%e pilot unit, recfrculating, tubular dissolver was modified for the pilot 
plant Isach9g studies. 
dissolver bottom and a canis%er for trasferring chow fuel grom a shear to 

A s2ecial dissolver sparge head was attached to the 

L: : 
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!The cacister is designed to provide an air sparge 
Gutlet abcve the cbcpped bed asd provide total coatairnest of the chopped fuels 
durlcg transfer to $he dissclver. 
a Sraas sealer platve, as %e cacister is lowered into the dissolver, and seats 
in ac air distrihtor cap in the cacister. The torn brass plate will dissolve 
rapidiy in the nitric acid dissolvent providing free flow access to the chopped 
fuel. 

Two ms were made fa the modified recirculating dissolver to demonstrate the 
opera5ility of the dissolver canister. In these runs, one-inch long sections 
chopped fro= swaged U02 rods clad with stainless steel and Zircaloy were leached 
wit5 6 M nitric acid at a HNO3/U ratio of five. The dissolver canister provided 
air flow above the be& as it was designed to do, but dissolvent flow could not 
be initis2ed through the four-foot packed beds until considerable dissolution 
had occurred. In spf5e of the fluid circulation trouble, the dissolution was 
cozple3e in less thac one acd oce-half hours, icdiratfng that the nitric acid 
leaching cf U02 is feasible. 
through packed beds shows that the batch size will be limited by the packed bed 
height and nst the total Oissolver tube capacity. 

In operatiolz, the conical sparge head pierces 

Bowever, the difficulty in providing circaation 

Ma3erials of Construction 

Pbysical properties - tensile and yield strength, modulus of elasticity, propor- 
tional limit and percent elongation - were determined for four (No. 4, U, 20, EL) 
of %he experimental alloys prepared at BHI. 
design ard iz writhg specifications for the mterial of construction to be used 
ic the HAP0 noo-production fuels dissolver. 

The data are desired for use in 

REACTOR IEVELOPWAT - 4000 PROGRAM 

PXICTORIUM REc"cLE PROGRAM 

Salt Cycle Process 

Pilot Plant Quentdties or' Electrolytic U02 - Productios of electrolytic UG2 from 
8 starting material of U0$12.H20 has been continued. Improvements in the sparger 
have Seen mEae and botk chlorine and hydrogel= chloride sparges have been equally 

Jffective in reducizg oxygen to uranium ratios in the product. About L5 lbs. cf 
U02 have Seer; prodme? this month with a ~llaximu~ batch size of 5 lbs. 
posite analysis of the first 28 lbs. of product, produced by sparging fer tlree 
hmrs at 710 C follovsd by electrolysis at 710 C, is 360 ppm chlorine, 15OC ppn 
carbon, ad ati oxygen to uracium ratio of 2.C397. The sodim content cf those 
samples ar.alyzed for sodim was abort twice the chlorine content. 

A con- 

Spargicg a'; 8W) C follok-ed by electrolysis at 710 C gave a composite oxygen to 
urmiun: ratfo cf 2.0ll.5 for t5e next 18 lbs 
.Irra-,iuiL ratios as low as 2*0049 was obtaired. 
diluk HCl arl. wat9r re&uc& the sodium irnpuritles to 77 ppm. 
car5oc asalyses are nct yet avsilakle. 
ef tke eleczrc2es by air et $2~ liquid su-rface. 

of product,. Product with oxygen tc 

Chlorire and- 
Exhaustive washing of the UOp with 

Carbon iz $he TjC2 my 5e due tc corrosicr: 
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is a secondasy peak in the particle distribution curve at - 35 + 65 mesh which 
is composed of primary particles according to microscopic examination. 

The single fused silica pot used for these electrolyses has survived 350 hours 
at operating temperatures with no apparent corrosion. 

Hot Cell Installatior; - Construction of the hot cell equipment for salt cycle 
demonstration runs is essentially complete and cold uranium runs have been 
started. 
resultant U308 have been successfully completed. Some difficulty was initially 
experienced with cracking of the Vycor melt containers which is believed to have 
been caused by a bonding layer of iron oxide sloughed off by dummy fuel elerrent 
samples. 
removed into solution and, hence, it may be good practice to thoroughly chlorinate 
the melt before allowing it to cool and solidify. 

An oxidative removal of U02 from the cladding and dissolution of the 

Possibly the U308 would behave in a similar manner if not completely 

- Four additional one-pound lots of electrolytic 
U02 have been prepared under different operating conditions. 

The previously described attack on the platinum cathode has been tentatively 
attributed to the depositing of the alkali metals on the cathode at the high cell 
voltage which developed during that run. 
resistance which resulted in the high voltage has not been determined. 

Corrosion of the platinum-sheathed cathode has varied from 0.009 mg/hr,cm2 to 
0.69 mg/hr,cm2 based on the area exposed to the melt. Chlorine attack at the 
salt-vapor interface is the chief form of attack. 

The cause of the increase in cell 

Solubility of Chlorine in Molten KC1-NaC1 - The solubility of chlorine gas in a 
molten equimolar mixture of KC1-NaC1 was measured (with good reproducibility) to 
be as follows: 

Temp., 'C g Clp/g KC1-NaC1 

63 800 (6.3 f 0.1) x 10- 5 
700 (5.3 2 0.1) x 10-5 53 

Effect of Adding TlCl to KC1-NaC1 System - Previously it was shown that 50 mole 
percent and 25 mole percent of TlCl with KC1 resulted in a very large increase in 
the rate of dissolution of U02 crystals by chlorine gas in the molten salt. It 
has been shown that a high rate of dissolution of U02 (325 - 100 mesh, O/U = 2.001) 
is likewise obtained with only 1.4 mole percent addition of TlCl. 

Mole Percent U Dissolved in 
NSCl Temp., *C 30 Minutes, g - TlCl KC1 - - 

0 50 50 700 0.155 
1.42 49.29 49.29 700 6.2 

me presence of a small amount of TlCl not ollly increased the rate of dissolution 
by a factor of 40, but also increased the solubility of uranyl chloride in the 
melt to a remarkable extent and the resulting quaternary system appeared to have 
a melting point in the neighborhood of 400 C, some 250 C lower than the melting 
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increased from 2 M NX+F - 0.17 M MH4NC3 to 6 M NH4F - 0.5 M NIi4N03. 
of labcratory datz t~ zcticipatgd process conzitions inClcgtes that plutonium 
losses during decladdlng sho-dd not exceed one to two percect for acy of the 
decladdkg solutions tried. 

ExtraFolation 

Cc=",iCuous Ion Exckge Cantactor Development 

Adsorption Kinetics for Thorium Nitrate Complex - Further studies on the adsorp- 
tion of thorium from nitric acid solution on to Permutit SK anion exchange resin 
were made. 
at a thorium concectration of 2.3 g/l and from 7 M nitric acid at thzrium con- 
centratiocs ranging fzon 0.2 to 12 g/l were deteaned. 
to fit, the theoretical model for adsorption proposed in the July report. Dif- 
fusion coefficients rage from 7.2 x 10-9 to 14.4 x 10-9 for the nitric acid 
azd thorium nitrate concentrations studied. 
the distrihtion coefficies5 (KD} as a function of resin loading was derived 
from theurz3icai considerations. 

Rates of adsorption at room temperature from 5, 6 and 7 M nitric acid 

Data obtaioed continue 

The following equation which gives 

moles of thorium per mit weight of resin 
total exchange capacity of resin (equivdents per unit weight)/2 

where x = 

k = a constant 

me distribution coefficiznts found for the adsorption of thorium from seven molar 
nitric acid fit very well the curve described by +,his equation. 

MABD Contactor 
MABIE contactor which is a six-inch-diameter by eleven-foot locg, dual-purpose 
cclum with seven loading and three scru5 stages and a six-inch diameter by 
twelve-foot long elution column wi5h six stages. 
gal/&-sq.ft. was obtaioed in the adsorption column at ac agitator speed of 530 

rpm. 

Sodium breakthrough runs iodicated some aqueous chacneling. 
of 75 =ti 83 percent were obtained at aqueous flcw rates of 115 and 225 gallkir- 
sq.ft., respectively. !The lower efficiency cf the prototype contactor, as 
ccqared to the Gear perfect mixing obtained ic the three-stage contactor, is 
attrihted partly to the 1oer agitatcr speed (470 rpm vs . 670 rpm) an2 partly 
to agitator design and scale up. 

- Shakedown studies were completed i~ the prototype continuous 

An aqueous flow rate of ,280 

The aqueous flow was limited by the power available +A drive the agitator. 

Mixing efficiencies 

Studies were matie with both columns operating togetkr to develop an effec+,lve 
method of minimizing the carryover of "slip water" with the resin from one column 
to the o%Cer and to control the inter-column resin flow ra",. 
excessive high-acid "slip water" from the adsorption column to the elution 
column wcdd result ic a hi&-acid product stream and wcjuld also loweri%l%e?&!&d& 
efficiency. 
installed bewee2 the Laver ecds of" the columns. 

The resin slurry was then force-circulated from the adsor;?tfon column 
pct and back into Cuke column. 
the resin to se%tls out so that it is possible to keep the pot packed with resin. 
A saall flow of eluant soluticn is introduced into the pot near the bottom diluting 

Carryover of 

.. 
,- 

A four-inch diameter 3y twelve-inch long "disengagement" &I Was 
G... '1 ,,, 

The relatively large diameter of the pot allows 
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t3e hi&-acid slfg water. 
the elution colm with a control valve, the amount of acid carryover is kept 

except tkat no diiution stream is necessary. 
ance both iz limiting scid carryover and in controlliag the resin flow. 

3y conzrolling the outflow of resin from the pot to 

'to tolerable lirnits. A ssnrila;. device is located at the top of the columns, 
Initial studies show good perform- 

Jiggler Contactor - Operation of the Jiggler Contactor was improved during the 
month. 1nstal;stion of the three-foot long scrub section in place of the pre- 
vious one-half-foot lcag section apparently was coctributory in stabilizing 
operation of the "A" Column. 
between the scrub and feed entry points are characteristics of the loager 
section which tend to reduce turbulence and fhidization. 
resin cycle cone, which is an inverted hollow cone or essentially a funnel at 
the bottom cf the "A" Column, also improved column operation. 
the entire cone wall from its 'sase to the outlet pipe attached at the apex was 
made of screen. Now, the screen wall extends from the four-inch diameter base 
to a point where the cone diameter is three inches. The cone wall from the 
screen to %he outlet gipe is solid metal. !J!he solid -1 permits better resin 
settling into the cone during the compression stroke of the puser. 

The greater mss of resin and the greater distance 

Redesign of the 

Prior to redesign, 

Wee runs, ranging from 5 to about ll. hours in duration, were made with thorium- 
containing feed. 
placement (50 ml) in the four-inch column. 
used. Aqueous stream temperature at the inlet was about 50 C. Waste losses 
ranged from 16 to about 57 percent. 
aqueous downflow from the "C" Column resulting either from inefficiency in that 
column or downflow of a part of the product streem due to a malfunction of the 
flow control arrangement. To check the possibility, however, that the loss may 
be stenrming from the adsorption column, a control experiment wiil be made on 
that column aione. 

The "A" Column liquid was pulsed at 6 cpm with a 0.5-inch dis- 
Permutit SK resin (30-50 mesh) was 

Tbese high losses are attributed to improper 

Steady state as manifested by about 3/4 psi drop across the semi-fluidized bed 

in tke adsor$ioE section an2 a conetant resin level in the elution column is 
reackzed in 3C to 45 mizutes after start-up from a dense resin bed. 

RADIOACTIVE RESIDUE FICi(ATI0h' 

Mineral Reactions 

Additional study was =de on the equilibrium dfszribution of cesium 02 clirop- 
tiiclite; comparison was made of the adsorption cn wirradisted mineral with 
that on mineral havFng received lo9 R. !The results support the premise that 
this level of irrasiation would not produce measurable effects in silicate dnerals 
such as clinoptilolite and do nat agree with earlier findings in which an apparent 
irradiation effect was noted. 
resrilted froa a coincidental varistior in solution composition betweec experiments. 

Tsle ra5e of adsorption 3f ruthenium(II1) and ceriua(II1) frcm 0.01 K Ma 
OT. shaliow bees of iron fPlirgs was found to be hig??er et, p9 5 and 8 than at pH 2 
or 11. 
the pE rtxgs 4 - 9. 

Investigation disclosed that the effects probably 

+ 
solutions 

P.ia my be correla5fve with the Eore rapid fomtion cf ferric oxide ic 
The loeding of adscrbed rctheziun; ax! cwiun cc the bed was 

lirear w5tk tLne =til the material of" the bed beg% ts defciorate. *,.,"?, - ., . ? 
*. I t 
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A clir,cp%ilolite cclum eqerbent was perfomed with a aixture of actual (super- 
na+,ax soiution from 103-A tank) and synthetic Purex high level waste diluted 
2S:l with water. For this waste the mineral displayed a cesium capacity of 29 
5ed volunes and a capacity at least this great for other radiois topes except 
Rdo6. Decontamination factors of 7 x 107 for Cs137, and 1 x 10' for Srgo wer 
obtained and all other radionuclides studied (alpha emitters, rare earths, Co 
were decontsminated to concen%rations below their drinking water MPC values. 

80 j 

Clinoptilolite column experiments were also performed with diluted (20:l) synthetic 
Purex 1W formaldehyde-treated waste spiked with radiocesium and radiostrontium. 
Columns were 180 cm long and were operated at a flow ra+,e of 50 gal/ft2/hr. 
Capacities of 37 and 31 bed volumes for cesium and strontium, respectively, were 
o5tained. 
o5taioed during the first 29 bed volumes in the case of Cs137 and the first 19 
bed vollunes in the case of SrgO. 
bed volumes, respectively. 

Column kinetics were good, with decontamination factors of lo7 being 

The bed loading reached 90 percent at 39 and 35 

Condensate Streams 

A run was completed using standard Decalso, a synthetic alumino-silicate zeolite, 
for studying the decontaslination of Purex Tank Farm condensate. At flow rates of 
4 - 12 ml/min/cm2 the cesium decontamination factor was about 1000 and that for 
strontium about 20. Ruthenium, cerium and zirconium-niobium radioisotopes were 
also removed but with lower decontamination factors. 
condensate indicated that about 120 gallons of organic per day can be expected 
in the condensate if the total condensate flow is about 20 gpm. 
organic has a tendency to plug soil columns and foul mineral beds, the possibility 
of buming the organic was given some attention. 
auxiliary heat source (except to start the burning) a mixture of 30 volume percezt 
TJ3P in hydrocarbon diluent was burned. Considerable black smoke was evolved. 
Udxrned TBP and car3on were left in the pot when the burning stopped. 
auxiliary propane burner to maintain elevated temperatures the mixture burned 
more completely, leaving a dry black residue equal to about 5 weight percent of 
the feed. 
was given off towards the end of the test. 

Analysis of Purex Tank Farm 

Since this 

Using a pot type burner with no 

Using axl 

Black smoke was evolved at the start, but white smcke (probably Pg05) 

aIOLOGY AND WDICIIE - 6000 PROGRAM 

Radioisotopes in Soils 

In preparation for studies of the natural. and induced radioisotopes in soils, silts, 
and muds, a couoting technique was developed and is presently being caliarated 
with standard radioisotopes. 
105 micron sieve and then suspended in 150 ml of two percent agar to provide a 
uniform sample eight-inches in diameter. 
diameter, four-inch thick detector using gamma spectrometric techniques. A fur- 
ther improvemelzt in sensitivity acd selectivity will be gained when two large 
crystals can be obtained for use as a summing spectrometer. 

Two-hundred gram soil samples are ground to pass a 

These samples are counted on a nice-inch 

P32 in Reactor Efflueo+, Water 

In order to study the contribution of an n,p reaction on sulfur to form P3* ir 
reactor effluent water, five times the normal amount of sulfate ion was added to 
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the coolha water of two single pass reactor tE3es. The P32 activity of these -- I 

tubes only increased 30 percent as a result of this addition. 
factors may complicate the analysis, Uese results indicate that sulfur con- 
tributes only a small part of the P32 observed in reactor effluent water. 
these conclusions contradict conclusions drawn from other experiments, further 
studies are still needed to determine the source of the P32. 

Although other 

Since 

Radiation Protection Studies 

The protection indices of ll more compounds of biological interest were evaluated 
+,his month by the dye-competition technique to help understand the effects of 
radiation-produced free radicals on living tissue. Two of the compounds were 
proteins and the protection indices of these proteins were found to be only one- 
seventh to one-eighth that predicted from the sum of the indices of their 
component aroino acid residues. 
Ficture of proteins as being coiled or folded such that many of the amino acids 
are physically protected by those on the outer surface. 
be made on less coiled or folded proteins. 

These observations are compatible with the 

Confirming studies will 

Geology and Hydroloq 

A recently-completed deep well drilled to basalt southeast of 200 East Area pro- 
vided new inforrcation regarding the Cold Creek syncline in the upper basalt 
structure. The axis of this synclinal trough lies approximately two miles south 
of the separation areas, trending in a general east-west direction. The depth to 
which this basin has been downwarped is now known to be approximately 200 feet 
below sea level, nearly 100 feet deeper than earlier believed, The basalt en- 
countered in the bottom of the syncline is unlike that encountered in other 
locations. The texture is more porphyritic, with phenocrysts up to one-quarter 
inch ic diameter. These inclusions are predominately olivine with some zeolites. 

For a flow system containing liquids of different densities, a derivation was 
made of an equation for determining the potential within the volume occupied by 
the heavy liquid in terms of the potential if the volume were occupied by the 
lighter liquid. From this it waa possible to derive a partial differential 
equction to express the potential distribution in the system. A numerical 
solution of this equatioc was obtained to compare against experimental results 
and thus to test the validity of the initial derivation. If valid, the expression 
could describe the liquid flow that would be induced by the difference in density. 
Initial laborstory findings roughly approximated those predicted by the equation 
bllt better agreement is needed to assure valid application. 

The steady flow pattern and moisture distribution below a crib was obtained from 
a solution of the equation for partially saturated flow in soils by means of a 
computer program. The analysis included the case of the small two-foot crib 
experiment performed near Gable Mountain in an effort to obtain experimental 
verification. 
liquid would be expected to move through the column of soil below the crib 
having the same cross-sectional dimensions as the crib. As this soil volume is 
comcnly used as a conservative estimate of "field column volume" in calculations 
of crib capacitjj, a safety factor of about 4 is introduced accordicg to these 
results. Larger factors would be introduced for less homogeneous soil systems. 
The moisture contert distribution associated with the above flow distributicn was 
also obtaine&. The resuits have not yet been compared with the measurements =de 
in the field experimeEt bu2 a qualitative similarf2y'h'ttze shape of the wetted 
volwnes is obvious. 

For this case it was found that only about 25 percent of the 

I 2 I; -4 'i I; i 
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The Fermea3iLi:y cf sc.5 fcr s-pthetfc Purex high-salt waste was measured to 
assis5 ~1% ~szimates of tkse situaficn thav xLght develop if a storage tack wce 
+A leak. A fine-graired Hacford soil was used azd its pe,q=aXXty for the sslt 
solution aeasurzd In a galling-head pemeameter. Ee filfered scluticn had a 
permeabilit.y of 4 x 13'" cc/sec/cm2 which my 3e compared wish 6 x 10-4 cc/sec/c& 
measured earlier with filtered synthetic Redox sal+,-waste and a sinilar soil. 
For =filtered w8ste the sludge collecting on the soil offers additiomi rssfst- 
ance to flow, the permeability of the slu e decreasing as it is coqacted. Tke 
permea3ility of Parex sludge was 2.3 x 103 cc/sec/cn2 after five hGurs ard 
5 x 
sinilar values for Redox sludge which had a permability of 1.3 x 
after twc hours ad 3 x 10-5 cc/sec/cm2 afzer 20 hours. 
&re reported for unit hydraulic gradient. 

cc/sec/cd after i5 hours in fhe permameter. This may be compared wi2h 
cc/sec/cm2 

All. of these pemabilizies 

SGii Chemistrv md Seochemistr?r 

Soiutions of cerium, proIl;e+uhium, and euroFiun: were eqLili5rated with soil accoz- 
panied 3y 0.5 H alkali and 0.25 H alkaline earth salts at selected values of pH. 
!The soiutioos contained a "traceTC (< 10-11 H) or 4.2 x 10-9 M added rare earth 
+,raced with %he radioactive isotope. StaSlg neodymim was azed as a carrisr fcr 
FmL47. The experiments were desigced to compare the reactions of various rare 
ear+,h species with soils. 

At pH < 3 the rare ear+,hs were ioric. Their adsorption by soil ranged from 1 +& 

@ percsof of %e added nuclide, depending upon the species of accompanyin,g icn. 
The compe3itioc of accompanying ions with rare earths ixreased in tke crder: 

Li < Na Mg < Ca < Ba < - Sr < - K - < Cs 

The adsorption of cerium and europium was identical in all cases. =.ere vas 

evidence that promethium is =re completely adsorbed in trace concentrations Than 
are %he other rare earths, bct at 4.2 x 10-9 M no differences wce evident; these 
ZcdiDgs substantiate the conclusion that undzr the corzditiccs s5udizd the rar? 
earth species are i? identical oxidation sta%es. 

Work conticued on investigation of the mechanism cf seolective ca%im adsorpticn 3y 

alkalize earSh me*als series. The cation replacemat series were dezermizsd for 
the zeoiites clinoptilolite, erionite, mrdenite, and chabazite. A2 were fomd 
50 follow the same seqLence, .foe., : 

open zeolites," i.e., zeolites which can accept any of the alkali mC,als an?, rt 

However, sir-ificat differences in the degree of catior selectivi5y exhi5ited by 
each zeoli+;e were found. The similaritjr in replacecent ozder in these different, 
minerals suggested that some gezeral property of the cat.icns is operative, such 
as hydratAm in aquems so;.ition 

Research in whick: cayion exchacges with mrdenite and clinoptiiclite in fcsed 
salfs were mzasured gave the sme aeqaence for these ions, ruling cci, iocic hydra- 
tim as ar: explaoatiozl cf" tke seiectivify me eratme of 
these fised sal+. s;,.st.z-ms were raised enough ~3 %'-,e zzolfte 

YC' ? 12;c i ILL 



c -17 HW- 66a4 

crys+,al lattice (460 C), the adsorption sequence appeared to be reversed, following 
a normal coulombic series. In these molten salt experiments the relative positions 
of Cs+ and Li+ were obtained to establish the sequence. 
preted to mean that the water normally associated with the zeolite lattice is 
mainly responsible for the observed sequence from aqueous systems. 
of this lattice water relative to the path along which the exchanging cations 
diffuse may explain the differences in the degree of selectivity between the 
zeolites. 
rate, suggesting a method of further studying the mechanism. 

The results are inter- 

The position 

This implies that cation selectivity is a function of cation diffusion 

Field Apparatus Development 

A method of shaped charge perforating of light gage "Kai-Well" casing was demon- 
strated. To prevent fracturing of the casing a sleeve of six inch pipe is placed 
over the charge carrier, permitting much of the shaped charge energy to be dis- 
sipated, yet still passing enough energy from the charge to cleanly perforate the 
well casing. This development will permit "Kai-Well" casing to be used with 
attendant decrease in well cost. 

Further tests of a detector of vertical flow in wells showed that vertical flow 
of 30 to 50 cc per minute exists in the well examined. 
of the instrument requires great care in handling. 

The inherent sensitivity 

Micromeritics 

Particle deposition velocities in conduits are found to be proportional to the 
diameter raised to the 0.84 power. A qualitative explanation of the diameter 
dependence was found in turbulence theory which postulates that the eddy diffus- 
ivity at the center of a duct should be proportional to Reynold's number at a 
constant velocity. This is essentially the same as stating that turbulence scale 
should be proportional to the conduit diameter for a given velocity. 
centerline diffusivity as the conduit diameter is increased will result in more 
particles being brought near the wall. The potential for impacting through the 
laminar layer thus becomes greater giving rise to higher deposition velocities. 

The higher 

Additional tests and improvements on the moving wall elutriator gave further 
promise that the device would prove effective in separating particles into narrow 
size ranges. Fractionation of glass spheres 45 fl and smaller into three size 
ranges was accomplished without difficulty. 

Acting bianager 
Chemical Research and Development 

WH Reas:cf 



UNCLASSIFIED D-1 

BIOLOGY OPERATION 

A. ORGAliIZATION AND PERSOiiNEL 

No significant changes occurred during August. 

B. TECHNICAL ACTIVITlES 

FISSIONABLE MATERIALS - 2000 PROGRAM 

BIOLOGICAL MONITORING 

Radioicd ine Contminatio r, 

Concentrations of I1jl in the thyroid glands of jackrabbits were approximately 
three times greater than those observed one year ago. Values follow: 

Locat ion 

4 mi SI4 Redcx 

Fro sser Barricade 
Wahiuke Slope 

pc/g Wet Thyroid 
Average PI- 

Trend 
Factor 

Columbia River Contamination 

8 Concentrations of gross beta emitters in Columbia River organisms collected at 
Hanford were approximately two times greater than those observed one year ago. 
Values follow: 

pc/g Wet Weight Trend 
Location Organism Average Maxi& Factor 

n 

Hanford ~innows (entire) 2 x IO-‘ 2 x 10-2 +2 

FaKnut, Contaminatian 

Fission products oscurred in rabbits from the Hant‘ord Reservation in ths 
following amounts : 

Sample Type 

Bone 
Feces 
Liver 
.iuscle 
_. 

Total Beta Trend 
Average pc/g Wet Material Factor 

8 x +4 
2 x 10-5 +4 
2 x 10-5 +4 
2 x 10-5 +3 

SF Correction for July Monthly Report: Concentrations of poss beta emitters in 
Co’iumbia River organisms coliected at Xanford were reported approximately nine 
tines greater thaii thse cbserved one year ago. This should read . four and 
one-half times greater. 

UNCLASSIFIED 



Stuaie? '::I 5% taxi:;-y cf reac:or effkent were susy;ended whfh modiffcat' Gns of 
2aboratcr;r zcruipmen+- are pexiing ., 

Small fish, f-l 1/2" in Izngth, were seined from 5 slougn &.ma oelow 100-H Lraa 
and also from the Yak-ha Eiver. Examination cf t,hese flst revealed thaf abcu. 
2s per cent of those taken from the 1OG-'rI Area were infec-ced mth columnaris 
arid furthermore, of some 8 flsh returned tc the laboratory am held m ';:??ughc 
f:r an ac5aiziona.l four days, 7 became infected with zhe disease. 
was recovered from fish taken frcm the Yak'ha River. 

110 colmxris 

Ch-xook fingerling salmon which survivsd. a previous test 
%I coLumnaris organismr, were examined 8 muple of week. 
nz co;:;mraris crganisms, From the same tes-,, all cf the 
shcr~. positive test for this ivlyxobac;erium. 

EIOMCX AND MDICIIJE - 6000 PROGELAM 

I'iZt'ABOLIsM, TOXICTTY, AND TFd4SFER OF WIOACTFE PIATERIALS 

ApproxhateLy 20 pairs of tropical fish of the :.ichlid family have bee3 selamed 
fcr a toxicl%t,g 5esL which w11: involve administration of Pj2 with fcod and whi:n 
seeks t,o essakiisln the bociy Surasns at which spawring success is affected. 
of pairs has bee2 based orr at least one successful spawnhg. Previous difficyJities 
snssansered in rewiiig the young cichlids have largely beerr mercorne ., 

SeLxt~an 

Pie relative uptake of radlozic.: in three ewes sna their full==t,erm fetuses 
mves+,igatsd, The aams' tissues contained ccn:en?raticn3 > - 5 tunes geatar ii-ih: 

ir, esrrespcnding fez2 tissues, It noted that the 11-73: I- md ~~ckey ccrC3x 
ui the fetusss did nm contain *e nigh SonCentraticEs cf ZL": relative to '-,he 

cther tissues fibserved fcr ewes wd ramss 
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A new group of ~TZ'L': is being asclmted +a laboratory conditions in preparation 
for stuales ox the rate cf assmilatLon aid movement of Sr5O spiked peaets through 

the GI tract,. 
the xlld2tion of urine fxm trout held in a Ketabclism abe. 

Progress was Lsc mads fn developing surgical techniques to permit 

KO outstandkq bone changes were revealed by X-ray pLates of 56 miniature swine 
cn the cliicniz 3oxicity cf Sr90 study. 
howel;e,-, and sre being follmed for possible significance. 
(2 "om the medmm 
farrowed secon6 gecera.;ian pigs, 

Ths in vitro stuuy sn the conparat,ive binding of calcium and strontium by plasma 
prctexs was cmpleted. 
was independen", Gf mtichn;erit rf plasma calci-xi knth CaC12. 
unexpcted =.it whrran: fur-ilier imestigation. 
OP- a study tc dets;-mlri3 t.he effect of dietrry leve, of calcium on the comparative 
bindiiig of stxn:iuir. and cLci:un in plasma, 

Several mincr chmges were observed, 
To date, six sows 

w/day? d ie-rel and b from the low E1 pc/day] level) have 
All baby pigs appear normal. 

-- 
Cak5 and SrY0 were fowd tc be bound equaily and binding 

These results were 
Three ewes were therefore started 

Iodine 

No bnporta,: changes ws,-e observed ir any of our iodine studies with sheep or swine 
during th;s mcn+h. 
da-zy of +&e experhental sheep showed a genera; increase during August aue to 
weaning cf lambs, 

The ratio of radioiodine in the thyroid to the quantity fed 

Effezt cf moisture stress on the uptake of Cs?-37 and potassium was studisd in bean 
plats ujrng sodiw, clisride AS a~ agent to increas? Gsmotlc pressure in the 
sohtion in which bean plants were grown, 
abme tinat nomily przsont in the nutrist5 solution were studied and compared 
with plants grcm i-, normal rx?:-iem= 

Osmotic pressures of k and 8 a+aospheres 

Increasing th; Gsmcti> pr95.x-e in ;he n-atrierit sohtion increased The pctassium 
c;n:eF$7rif lea-res b;lt dtcrsas5d Fotassiui zontsrt r;f s+,ems 
zf Cs'-c5 

Same deFletion 
was nst+d Ln s+,ems b~: ne: sf€?:- +- Cci->' content was observed of leaves. 
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Radi 3 ac tiw Par tic 12 5 

The extremeyj stable nature of plutonium disxide dep0S:tSd in Gaga by k-halatim 
was demonstrated. Immediately after a 1s rnbute expome, about 1.6 per cer.: 
cf the total dose was foxnd in all tissues, excluding the siifes sf depositi.i.3 
and the respiratory and gastrc-htestinal tracts. 
rap-idiy translocated from the sites of deposition, probably fcllowirLg sclulsilizatbn. 
During +he first 40 weeks foihwkg the exposure, ie5 per :=at: of the i;cTa.l. dose 
was excreted in urhe acd cn2j 0.4 per cent more wa; found in a11 tissues, exzzp: 
lxg and associated lmk. nodes. 
that piubnium exereTim xi urine is more closely related CC me totai amcur.: tcf 
phtonxm depOSltCd 1-har to the lung-lymph node buderr. 
3xamine.l to evaluazs -his ptssibcity. 

This represez+,s the fraclor 

Although not somiuaPJec further data suggesf, 

Oxher data ;tre beb-g 
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Miac robfolo gi: 3: St-Jaie 5 

Adciitiomi expermentc uing UZ78 ana Zystelne mth X-rays can be interpreted as 
indicating that potassium axi phosphate are leaked fyom yeast cells through 
separate system. 
cysteine protec7ion of viztility and cf retentivity. 
observed in both hapicLd and ai?lDid yeas% 

Furlhem,orc, it appears that there 1s a correlation between 
This correlation was 

L-mologfczl and terreatrldi inverzebrate field Studies are contkuirg at the 
Project Chariot site by Ynree s5ni.x scientists and one assistant, 

EA Romberg: es 

UIL'CLASSIFIED 
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None 

5. Sezinars (cther tlan diology? 
Uni-rersity of dashlngt.on Summer InstituTe in hadia+,ion dioiogy - Llichlanu 
he C. 'i'iiompson, liProbleme cf internal emitters,tl AU~,ST 9, 1.96~ 
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@RC.AXIZATION ANC PZRSONNEL 

There were no changes in personnel during the month of August. 

OPERATIONS RESEARCS ACTIVITIES 

Input -0utpu t S imlati on Model 

A simplified HAF'O model is being studied. 
and converted to a prcper form for study. 

Basic data have been brought up to date 

Business Systems Studies 

A meeting cf the Flant Improvement Task Force was attended on August 24. 
of this smmittee are directed toward improving the approach used in 1959, and 
the different submittals of last year are being reviewed. 

Efforts 

OPERATIONS ANALYSIS STUDIES 

Quality Certification Program 

Further work in this area is awaiting completion of the IBM processing of 
avaihbla data. These data are expected by late September or early October. 

Fuel Element Failures 

An andysis was made of rupture data from the control fuel elements in the run- 
to-rupture test evaluating bumper fuel elements. 
reachea by the test fuel elements without rupture before specified levels of 
significance are demonstrated were determined. 
between the controls in this test and those used in the recently completed test 
e-raluating the self - support concept . 

The exposures which must be 

A comparison was also made 

In the nom run-to-rEpture test, k ruptures are taken in n tubes, and the 
remairing tilSes are discharged without rupture at the exposure level of the ktb 
rupture. 
rupture mode; 2s available from previous work. On occasion, some or all of the 
remaFn.'ng (E-k) tubes are discharged without rupture at exposures other than 
that of the KtL rugtare. A revised estimate of the parameter has been determined 
fcr this situat'on. 

For %h-s situation, the estimate of the parameter of interest in the 

Optimization of Reactor Operations 

A rezort was issged ?resensing the results of the study to determine a supple- 
nr~!~.C,al crew size optimum with respect to total cost, including the cost of 
maxfaining a supplemental crew of given size, expected overtime costs, and 
expected costs due to fricreased reactor outages when the crew size is smaller 
than requtre8. 
sslr-,ia:Lon af 9. ciLxbe? cf cases of interest. 

The expressions given in this report were programmed for IBM 



-. 
~xr~he:: ucr;S has 3een FerfzrmeO on -;he problem of giving mathematical. and proba- 
3:lliatl,; =.Qree&?ns :for reliability of a control system. The derivaticn of the 

%.~e-&~p~z%@t 2robablLify law for sid5aneous failures of any fixed number of 
Ceviuos out, of a given number of identi2a.l independent devkes has been compie-ted. 
Ai? aypptotic ewression which is much simpler, for zomputatfonal purpases, than the 
c- 4..ux* -.- 

Wzrk was Fzf"5iatJ. 3:1 t,h2 yoblem ,Jf designing a testing prcgram to aetermine reliability 
p:~,ax:.ters 2f p.Eei2J.Z gags s;Jitches 

~,PL W~S tegzr. cn t3.2 L;,srivation of a mthematicai exyressfon for a E xtput carve 
is P f::z:%.:~ cf ::!XI% ~ar,? in a court rs%e i;irzuft with dead time. 

sipassi~~ kas Seen proven correct a 

r-,- - 

.: .' 
I 
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STATISTICAL AND lLEEMATISAL AC?'IVITIES FOR OTfIER HAP0 COMPONENTS - Fuels Preparation Department 

1 .' 
Total bond count data, indicative of porosity in the braze layer, were 
azalyzed from a test zonduzted in the pilot plant to determine the effect 
of increased air pressures to the vibrators on porosity. 

Commen5s were subm',+,ted upon request to personnel interested in setting 
up a data coLlection system for NPR fuel elements. 
the mere collection of la+& in itself cannot answer pertinent questions 
about the process, and that provisions for data analysis must be included 
in any system. 

It was pointed out that 

The need for reliable data was also stressed. 

&+,a yere anaiyzea from a pilot plant test designed to investigate the effect 
05 variations in AlSi content within the duplex furnace on bond quality. 

Welding tests were aonducted to determine the effects of six welding vari- 
ab;es on fue; element quality as measured by porosity and cracking charac- 
teristics. 

Irradiation Processing Department 

Assistaxe was given in the design of a 
csmponents from different vendors. The 
evaluation cf only one alternate vendor 
so that any number 3f vendors may enter 

test procedure to evaluate aluminum 
original test design permitted 
at a time, and this has been revised 
the evaluation program at any time. 

Further work is being done in connection with the development of a model to 
2escribe uniform corrcsisn 13 the I and E fuel element, especially for fuel 
elements at high specifk powers. 

Ma",mat',cal assistance was given on the subject of linear programming and 
reiaSed mchiques. 

Further ardytical wcrk was <one on the "net return'' economic model. 
fel-: Ynzt certafr, Lmportant questions concerning this model have now been 
safisfactorily answered. 

It is 

Chcmka; Prxessing Department 

2e fhal draft 9 she proposal to adopt part-by-part acceptance of fabri- 
cated par?s -Y_s being prepared. 

An anLysis was made of the measured radiation exposure using pocket, wrist, 
as2 ring badges tc estimate the effects on measured exposure of physical 
lscatlon and type of film packet. 

At. tke request of perscmel cf the 234-5 Development Operation, a discussion 
was held tc scquaint t'iem with the services provided by thfs group, and to 
Lay the grouridwcrk fzr a p2ssibl.e series of meetings to consider more specifi- 
cally 5ow statistLsai Fr2xiples of experimental design might be useful in 
cQxnectic- vL'k r..ie:r developmen3 work fl, . 
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7urtt.c sta%is*,',caL analysis was dom on an Al-NI-Fe &Lay corrosion experiment 
Lo light of addi-;iotlal data which extended the autoclave exposure time by a factor 
:f TWQ. 

:*?~%izg fexgerature, a& method of ccoling on the corrosion rate of the aluminum 
sm?3..eg as a fun.-,",on of time 13 a stream autoclave atmosphere, 
5s bekg 6zce vffh data from this experiment tc further substantia$e the aluminum 
:~zrc61;z psrdxlfJ-if~esr +,he==.y an& to estimate the individual sample induction 
CZ??. 

Estimates were -provided cf 'the effects of heaz treating time, heat 

A&difional work 

. ,. ..., 7 7-, , f., :.', .. . -, . 
i I 
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Ycdcstru:tive ~estinq 
7'. 

Sevcal z€e-,ings were he16 on poss2ie methods of mathematically representing 
ac5 Fr'eqreting the respcnse signals received by nondestructive fuel element 
:.cctir,g dwiccs 

6000 Pr0~1-m 

Eiclcq 

An applicazlon of %e multicompartment migration model is being made esing 
hts from a rat experiment involving a single administration with Wl8p0 

A~L analysis of data pertaining to the strontium-90 content of bones is 
zu-ertly underway 

SoLutiacs were cbtai3ei to two geometrical problems concerned with the inter- 
preta5lan and correa%:ons of data obtained by X-ray diffraction. 

General 

T2e sLx-day pilot work sampling study of the Analytical Laboratories weekly 
salarled personnel has keen completed and is currently being analyzed. The 
resCh? of the stu&y will help guide the scheduling and conduction of the full 
6,caie st~dy scheduled for early fall. 

Analysis ccnzinue2 of data from high energy anti-coincident gas sample counting 
inst.rumenta 50 devise a good method of estimating background counting rate. 
data fircens;ton revisior: cf the GCL IBM program has been completed and The new 
prcgrsn is be1n.g used is? the data analysis. 

The 

Ro-ctize s-&:istica,l cmsultfag was provided In connection with the evaluation of 
mss qec5roscopy data 

The ops=at',onal characteristics of sever& alternatives to the current WO 
w.Ze'.y avz.rc? plsi were investigate2. 

T:x-phx aislytical soLutQons were obtaineC tc two Fredholm integral equations 
~l5-i z3se In rke ssatlstisal theory of void distrtbutions. 

-q .,v..i~c!.t,s - WSrF agah made w:zh Chemical Przcessing Department managers soliciting 
c~~xlL6a.rlss fcr :he ';E Computer Department training program at HAPO. 
gersczs have now bee3 deslgxated 30 attend the me week training session. 

Twelve 
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A. REACTGR DFATLOPMEIJT - 4030 PROGRAM 

1. PLUTODTIVM RECYCLE PROGFAM 

Cycle Analysis 

Computer Code Development. Modifications were made in the Monte Carlo 
routines for computing distances to region boundaries, for terminating 
expectation beams, and for displacement of particles across boundaries. 
The initial value acceleration routine in the Post Monte Carlo was removed, 
and an alternative method was formulated which provides that the relative 
mean sample variances approximste more closely the reciprocals of the 
importances even for a distorted initial distribution. The final section 
of the input code was mostly debugged, and a more complex problem was set 
up for testing the entire system. 

The spectrum computation method described last month was incorporated in a 
FCWTRAN cross-section averaging code which will be used to re-evaluate 
Westcott g and s factors. 
formulated. This method takes account of the resonance level structure 
of the different isotopes in a more detailed fashion than the previous 
method. 

A revised treatment of resonance self-shielding was 

Fuel Cycle Analysis. 
for the Advanced Pressurized Water Reactor were completed. 

The Meleager computations of batch recycle cases 
A total of 

eight to nine cycles were required to reach the quasi-steady-state condi- 
tion {all isotopes except Pu-242 in equilibrium). 
methods used are subject to error at high values of thermal utilizatior, 
and epithermal ratio (r) the cases involving very high plutonium enrichent 
levels are considered less reliable than the others. They were fortunately 
not important for the economics amlysis in any case. 

Since the physics analysis 

Other Activities 

A preliminary study was made to determine the effects on the Phtoniun 
Recycle Program of operating the PRTR with plutonium-only fuel. Operation 
of the €!RTR as currently planned makes use of the Doppler effect in rJ-22P 
to obtain a negative temperature coefficient in the fuel, thereby ackieving 
inherent control in the event of a power excursion. If no U-238 is present 
in the PRTR loading, as would be the case with a plutonium-only loading tken 
some other means must be provided to control the magnitude of power exc-LWsicns 
that may occur. This can be accomplished by alloying plutonium with a 
material that will give a negative temperature coefficient in the f~el 

and/or modifying the PRTR design. kdification to the PRTR WOLU invclve, 
as a minimum, provision of a fast-acting safety rod system. Ot%? c".snges 
my be necessary as determined by a thcxough re-evalmticn of the RTR 
design and reviews by the Reactor Hazards Branck cf the AEC and the Advis3-y- 
Csmmittee on Reactor Ssfeguards. 
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Ee magnitude cftke effects on the Plxtonium Recycle Program of loading 
the PRPL witk plutoni;m-only fuel will be dependent upon when this is to 
be accomplished. If the reactcr is to start up with a plutonium-only 
loading then costs and delays will 5e greater than if such a loading is 
to be "phased in" as soon as reasonably practical after startup. 
preliminary report was prepared and circulated for comnent. 

A 

Plutonium Metallurgy Operation plans to measure reactivity as a function 
of exposure on Pu-A1 fuel capsules irradiated in the MllR. 
to contain "low" plutonium (5.5$ Pu-240) and high exposure plutoniim 
(l3.1$ Pu-240 and 28.s PU-240). 
heat generation, were calculated using the Meleager Code. Lifetimes 
relative to "low" plutonium were calculated to be 1.05 for the 13.1% 
240 plutonium and 1.25 for the 28.9% 240 plutonium. 

Capsules are 

Lifetimes of these capsules, based on 

With information which was expected momentarily on the silicon content 
of representative and acceptable alloys, the materials standard for Mark 
I Pu-A1 spike PR!lB fuel elements was ready for issuance. This standard 
not only covers the quality of the aluminum base material particularly 
with respect to silicon content, bxt also establishes the range for the 
content of fissionable plutonium for each assembly. The latter require- 
ment is of particular importance in the preparation of fuel containing 
plutonium of varying Pu-240 and PU-242 content. However, the nickel 
content required is specified on the basis of total plutonium in order 
to assure alloy of suitable corrosion resistance. 

The study of the economic features of close-coupled chemical processes 
for reactor fuels continues. So far the study indicates that the economics 
of a single reactor, close-coupled process are not attractive, however, by 
depending on other reactors the picture is deffnitely improved. 
tion economic throw-away fuel cycles do not appear to be attainable. 
long as fie1 contains plutonium even high in non-fissionable isotopes 
(40+$) the residual Pu-239 and Pu-241 has significant value as a fuel 
and probably will justify recovery, especially in multi-purpose fael 
processing plants. 
uranium of only very slight enrichment. 

In addi- 
As 

This is even more certain for the fuels which include 

Activities in support of PRTR startup included review and analysis of 
process specifications, operating procedures, and power tests. Startup 
Council has now approved 40 of the 45 process specifications and 58 of 
the planned 92 operating procedures. 

The Plutonium Recycle Program Annual Report was submitted to Tecknical 
Publications for issuance. 

\ 2. SPECIFIC FUEL C'KGZE ANALYSIS 

Calcnlations of the apparent plutonium value in the Advanced Pressurized Water 
Reactor have been completed for the most timely ranges of the economic variables. 
Two methods 3f felling the reactor were examined in crdier to reduce the number 
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cf unkrawr,a and permit tin analytiial solutxri for t.t-5 valile cf the different 
plstonium batches. 
charging tke reactor wit?- the plutonium available fr3m the prevLous cycle and 
tte balance of reactivity is mde ~p with enricked rrracian. 
sustaining pktxiun recycle is not appr-.ach;--d 6s t'.- resctor is operated 
sticcessively 3jj p1utoci.m emichment of casca3e tails by using eny amount of 
plutcnim required but of tke same csmpositim as tk.e pl-ctonium disck-arged 
from tke previxs cycle. B6t:k irradlatior? was used tz cmf'orrn witk tke intent, 
of the APWR designers altho-agh checks are being made as to the value 9f plEtonium 
if graded discksrge is Used fer this reactor. Generally speaking, the higker 
the initial enricbent (init.f&l km) of a bat& cycle the longer *e exposure 
and the lawer the fuel cost 3ver a wide range 05 enrichmentsc Ecwever, varia- 
tions in reactivity during a batch ixadiation must be hacdled by ccntrol rsds 
and/cr burnable poisons 

The capital involved in variou stre-h control systems and flux peaking 
problems with burnable poiscns make it difficult to determine their dollar 
casts which should be done as part of the fie1 cost for ea25 value of initial 
ka. To avoid this evaluation, plutonium value analyses are perfarmed for 
initial k, values of l.&, 1.116, 1-17 and 1.25 with no burnable poison 
present. A selection of the mcst plausible ixlitial ka value was then made. 
In the self-eustaining plutoni-wn recycle example wherein ellricked uranium is 
used in cmjunction with the seU-generated plxtonium, there is an initial 
ka value at which the fuel cost is a minimum due to the progressively higher 
cost per gram of Y-235 as the U-235 enrichment level is increased. In tke 
other st-ldiea wherein unlimited qusntities of platonium of various compositions 
are available, no miniarm exists frcm 1.08 to 1.25 initial ka This is a 
characteristic cf plctonium as no separative duzy is involved when altering 
its enricbent in V-238, However, the Pel crst declines very slowly after 
an initial dr3p while fuel expcsure values exceed demmstrated practice by 
significant ammnts. For these reasons, it appesrs that the data that the 
mcst plahsi'tle plztoniiun vahes frsm tkis stu3,y would be at az initial k, 
of 1.17. 

The plstonim vslze analysis was made from a f";ei =:st relatioaskiF developed 
witk. mleager pkysics hta and B simplified faei Zcst cmp'2;tstion- 
of the ar,;?;Lwis is tte devehpment of ti set cf eqzatims wti2 icvcjlve tke un- 
knmn at-- -m7-ie - 
of the pkitonium askes lesving the reaztcr, and tkte %el zest. Ee feed as9 
ask bat,& vblues are generally different. 
reactrir is cmditicnally 3ez:Ermined by asing that bet& tis f?sd f3,p tbe next 
cycle and sc orAc %-is is repested until sane log:-a1 cmstrttint can be applied 
tG t5e value of tk-e last batck qf a&es produce3 wkzt nemzvcs the necessity si 
furtfrer cycles. 

Tables 1 6113 2 indicate tfie pktonium batch velue in $/gram fissile far p1utoni.m 
batch ccmpositicns cxrespcnding to selected txal expcstt-e fipres. 
the 2 and 3 x lCL WIT cmpmitions there ax n- priits between tke two mcdes 
where the sane plxtoniun c4;npositims a?e meas7l;-ed0 
eomposi+l?ns (2 and 3 x 15-L m/T z-mxlstive exp3scer the recycle mode 
:xanium erzizhed - :a-:i? 2; viei.ds a lower plrrtcn2m vaIr;e 
grsm fissile' tkar- tke ptdtmium errisred m2de ;ra'c:e 11 $15~6~ and $lo IO/ 
gram fissile. 
interrelated factsrs, S~E ?f wkick. can be el.-ic;kte3 in fztxr arxilysis cf 
t5e dats' 

OLE case apprcacbes self-sLstainicg recycle by successlvely 

In the otker, self- 

nLe comprable nmber used in the Apwfi design repzrt was 1.116. 

T.e essence 

:f t?~ plJtmi~lm feeiling ti reactm9 the xzk~~.wn SatcL vahe 

Tze vaLe of a ba-tzk leavlng the 

Except fr 

Fm the IK,+~--F.< plutcnhn 

12-27 and 12 gC/ 

Tr,e w?pc and wkerEf?zes of tkis dif2erexe ;nvc',vts several 



=*e cm2m 
e qu ilibr 20 
in the slcw 
decrease is 
lishing a weighting factsr for PA-212 fcr tkis mcde. 
values achieved wit5 tke plx:=nf.m enricked mxie 3c not xld cp as prolonged 
exposure occ'ns as smwn in Table 1. 
and Pu-242 In %his case accomts for the difference. 
of Pu-242 and PL-240 will be sLom with furtker analpis. 
physics model (Meleager > is currently uncertain with the pldtmirun composition 
encountered above lOC,OOrJ MWD/T cumulative expostcre. 
legitimate, It would appear that the material sh~~ld be sen+, te fast keeders 
or other special applicatioris when the cmlative expos-ae Is above ?C7,0l?C 
W/T. 
in the first 5Gj3QQ -W/T snd tence c-ptirmzatisn with t5e fast breeder is of 
considerable importance. 

me kigker phtonium 

Ee large relat-ive iccrease in Pu-240 
P.e relative importance 

h this case, tke 

If tke numbers are 

If ttis vere dme, it would ckange the valTJe cf tke platccium prc3uced 

Calctrlatsd Pu Valaes for the Phtccian Emickment 
Series with an Initial Reactlvity Qf 1.17 

Exposure Isotopic Cmcentrations* Value 
R40 Rhl E42 - $/gram Fissile - R39 - - MWD/T x 

1 
2 

3 
4 
5 
7 05 
10 

12.5 

c 0 820 
o .71c 
Q A25 
o 565 
0 520 
c.450 
s .h05 
0 I 380 

0.135 
c\ .185 
0 0 220 
0.250 
c.275 
c.320 
0.370 
CL3e5 



UNcwssIFm F- 5 

Calculeted PU Values for the Uranium Enrichment 
SeTies with an Initial Reactivity of 1.17 

Exposure 1sot.opic Concentrations* Value 
MHD/T x 9 R40 - - R41 - R42 $/si Fissile 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
12.5 

0.740 

0.695 
0.665 
0.640 
A28 

c.622 
0.6i8 

chi5 
0.613 
c -613 

0.615 

0.135 
0.176 
0 0 195 
0.205 
G .207 
0.208 
0.208 
0.208 
0.2@8 
0,207 
0.207 

0 .Oh5 

0 e 140 
0.105 

o e 165 
0.170 

0 177 
o 180 
c. a 183 

0 - 155 

0 * 175 
0 0 177 

0.025 
0 e 050 

@ 0075 
0.100 
0 6 120 
0 142 
0.160 
0.177 
0 0 190 
0 e225 
0.245 

11.40 
12.2 j 
I2 .go 
13.40 
13.55 
13 40 
13 015 
12.80 
12 50 

11.85 
12.25 

Note: This cycle approaches self-sustaining plutonium recycle 
equilibrium. 

%e R value fcrr a plutonium isotope is the ratio of its concen- 
tration to the total batch concentration excluding Pu-242. 

B. OTIW ACTIVITIES 

The Plant Improvement Pragram Task Fgrce was reconvened for the purpose of 
issuing a revised version of' the Plant Improvement Repcrt. Tke format and 
contents of the report are current.ly Seing examined to determine where 
changes are necessary. 

A program pr7posal ir, the field of fast >Feeder reactor development was 
prepare3 and distrib~ted t(j C3tker MO components fcr comment. 

Arrangemnts were c?mplet.ed wit?- tlze Ikiversity ~f Waskington Center for 
Greckiate Stady to cordact E, ccu-sc in eiectT;mcs, as reqdested 5y several 
Hanf'crd personnel 

Assistance was rendered in arrangmg ei&t tsrrs involving 88 persons 
tkcrxgli HLO and WO fa:ilitiss e 

Z. A. McCone, Atmi- Energy Commission Cb:rman, and the other Commissioners; 
C. H. Linder, General Electric Vice President; and E. J. Bloch, AEC Assistant 
General Manager for Manufa-txrlng.. 

C? special interest were visits by 
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A. 

RADIATION PROTEXTION OPERATION 
REPORT FOR THE MONTH OF AUGUST, 1960 

ORGANIZATION AND PERSONNEL 

R. F. Ballard was reactivated frm illness leave on August 1, 1960. 
transferred to CPD effective August 8, 1960. 
to the rolls of Radiation Monitoring on August 15, 1960. 
Radiation Protection Operation totals 135. 

T. E. Ludlow 
T. M. Beasley, Engineer, was added 

The force of the 

B. ACTIVITIES 

There were no cases of plutonium deposition confirmed during the month. 
on record remains at 262 of which 257 occurred at HAPO. 
currently on the active rolls with plutonium deposition. 

The total 
There are 188 employees 

Several unusual badge film exposures were observed during the month. 
these involved employees who wore their badges while undergoing diagnostic 
or therapeutic X-ray treatment. 
tion zones had carried his wrist watch in a shirt pocket thereby exposing his 
badge to about seven (7) rads of beta radiation including 100 mr of gamma. 
Further investigation indicated a surface dose rate from the face of the watch 
of same 750 mrads/hr due to radium and daughter products on the luminous dial. 

Two of 

A third employee who had not entered any radia- 

The badge disbursement building west of 300 Area and adjacent to the 3705 Building 
has been completed. 
to major construction workers. 

It will be used primarily for self-service badge issuance 

The Whole Body Counter operated at 18% of capacity during the month. 
was limited by new equipment installation problems and electronic maintenance 
difficulties. 
counter revealed two items of interest. First, that plutonium could be spread 
throughout an area one centimeter in diameter and still be measured satisfactorily 
when a point source was used for calibration; and second, the positioning of a 
wound under the counter can be in error by as much as 0.8 cm without affecting 
the measurement. 

Operation 

A detailed study of the capabilities of the plutonium wound 

hdiation Monitoring services were provided during inspection and testing of 
equipment at the Hot Semiworks in 200-E Area. 
staff the facility should plans materialize for reactivation of the building 
to separate fission products. 

A fire occurred in a plutonium hood in the 234-5 Building on August 23, 1960. 
Process operators observed the fire as an orange flash and notified the fire 
departmezt. 
extinguished before arrival of the fire department. Although the cause of the 
fire was uncertain, a ruptured cooling coil was suspected. No personnel nor 
air contamination resulted from the incident and no contamination was spread 
outside the hood. 

Preparations are being made to 

The hood filters remained intact and the fire was practically 
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Pneumatic loazing of molten plutonium aluminum alloy into zircaloy tubing 
at 231 Building was interrupted when the tubing ruptured, resulting in a 
spread of contamiAaation to the bui-lding duct level. 
af personnel; however, contamination in excess of 80,000 d/m per probe area 
occarred on the floor of the duct level. The contaminated area was cleaned 
to 5,000 d/m per probe area nonsmearable and the floor was repainted. 

There was no exposure 

A body dose rate of 35 r/hr occurred at the 327 Building basin when an 
irradiated fuel element was inadvertently raised during cleaning operations. 
The individual's badge film dosimeter showed a dose of 135 mr which confirmed 
the estimated dose of 150 mr. 

The control limit of 10 curies of 1131 to the environs per seven-day period 
was exceeded for several periods during the period from August 5 through 
September 8, 1960. The average daily emission frm the combined Purex and 
Redoxplarrts was 2.2 curies per day with a maximum of 7.2 curies on September 8 
and a maximum of 24.5 curies during any seven-day period. Environmental 
monitoring sampling data during the recent periods are not canplete at this 
time. No undue mount of 1131 was measured in the thyroids of locally 
slaughtered cattle during the past two weeks. 

Concentrations of about 2 x 
through the AEC Division of Biology and Medicine for animals slaughtered in 
Seattle on August 2, 1960. 
that the 1131 emitted in early July may have been the source of the contamina- 
tion. A release of about 19 curies on July 6 coincided with meteorological 
conditions which conceivably could have permitted the released effluents to 
move across the Cascade Mountain Range. Although this information is of 
considerable interest, the level of 1131 activity reported was well below 
that which could be considered harmful. Experimental animals fed low chronic 
doses of Is31 have shown no thyroid damage throughout their lifetime although 
carrying thyroid burdens 500 times higher than that detected in the Seattle 
sheep. 

A British review of the Windscale Incident indicates 0.5 wc (1131)/~2 on pastare 
grass restllta in a suggested maximum permissible emergency concentration of 
0.065 pc (1131)/1 of milk. 
to detect contamination on vegetation at this level is questionable. 
detection limits should be possible by the use of a single channel gamma 
analyzer which is under modification for aerial survey use. 

pc (113')/g of sheep thyroids were reported 

Investigation of Hanford effluent releases shows 

The capability of present aerial survey equipment 
Improved 

Discussions vere held with Washington State Game Department representatives 
regarding the possibilities of condaetfng a census to determine the ultimate 
disposition of fish and waterfowl harvested by local sportsmen. As a result 
0f these discussions, a proposed contract was prepared for comment. 

A program to sample mud deposits behind the dams on the Columbia River is 
in the final stage of plsnnizg. A derrick and other mechanical equipment 
necessary to perform this Work has been ordered. 



Several prototype ba2ges of the new Hanford design were fabricated. 
nation of the prototypes has provided additional design insight. 
being directed tcward establishing a filter system capable of distinguishing 
between mixed doses of various gamma and beta energies. A solder filter 
canposed of tin and lead has been found to exhibit a linear density-dose 
relationship fran 82 key to 1 meV. 
keV by varying the filter composition and thickness are continuing. 

Exami- 
Efforts are 

Attempts to extend the linearity to 60 

The glase dosimetry study neared completion. 
dosimeter reader was modified with the replacement of the micro-smpere meter 
with one of lmressed sensitivity and with provisions for the use of an 
external meter or chart recorder. The maximum error to be expected in dose 
evaluEC,ion with reasombly high energy gamma rays and this system ranges from 
- i. 50% at 5 r or below, to + 12% at 20 r, to - + 3s at 100 r or above. 
rsnge extencis to sme 10,050 r. 

The Bausch and Lomb micro- 

The usef'ul 

A 40 liter ionization chamber with a Keithley Electrometer was studied for 
effectiveness in aerial survey applications. 
at elevations Prm 100 to 1,000 feet Indicated that it was possible tQ detect 
a half-gram radium source when flying at 140 miles per hour at 1,000 feet with 
this equipment. 
the field location where the Victoreen Model 3& and the stray radiation chambers 
are being studied indicated essential 
chambers ant? this large chamber device. 
yards of this test area varied frm 9.5 pr/hr to 14 w/hr. 

Flights over the 3745 Building 

The use of this large chamber to measure the dose rate at 

agreement between the stray radiation 
Dose rates at locations within 50 

c. EMPLOYEE KEU1TIONS 

Five suggestions were submitted by personnel of the Radiation Protection 
Operation during the month bringing the year-to-date total to 27. 
tion WELS evaluated an? rejected. 
are pending evaluatioz. 

One sugges- 
Ten suggestions submitted by RPO personnel 

There was one med.ica1 %reatment injury during the month for a frequency of 
0.44. No security violations occurred during August. 

Radiation prot.ection t,rainLng included: 
for the AErJ Rscliological Physizs Fellowship Stzdents which fnzluded one 
lecture or! Civil Defense and Plmt Emergencies; two @-hour 2rientation talks 
presented t.? Plutonium Metallurgy and Siology Researzh personnel; five orienta- 
tion tsks to varied employee grmps; several round-table discussions on PEB 
Frohlems; an2 a co~tlm&tion of the series of PRTR 1ezt.ures presented to tlon- 
exempt employees. 

Capletion of the training program 

E. SIGNZFICANT REPOPS 

HW-65534 "Eveluet.im OB Ea2Sological Conditions in the Vicinity of Hani"-3" 
Jsmery thrG2gh Marsh, 1960, by Radiologicd Evahation Workirq 
Grall;. 
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- 6 634.4 

HW - 6641.5 

Ed-66420 

w-66088 

,w-6€670 

.'Plut ?nium Sogtziminated Injury Cese Stu2y and Associated Use 
cf Ns4EFT-4 as a Decmtaminating Agent" by R. 2. Wilson an3 W. B. 
Silker . 
"A Sixdy of Mortality frm Congenital Malformation for Benton County, 
Wauhington" by R. C . Henle. 

"Environmental Radiological Consequences of Increased Reactor Pr3- 
duction" by I. C . Nelson. 
"Analysis of Radiclogical Data for the Month of Jllly, 1960" by 
R. L. Junkins. 

"A Finger Ring Ionization Chamber for the Measurement of Prcductisn 
Plutcnium Hand Dose" by L. G. Faust. 

"Monthly Report - Aug-lst 1960, Radiation Mcnitoring Operation" by 
A. J. Stevens. 
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ENTtRONMENTAL MONITCIRING - RESULTS - (Mid-July 1960 - Mid-AWt 1960) 

Samgle Type and Location 

Drinking Water 

100-F Area 
Separations Areas 
Pasco 
Kennewick 
Ri chland 

Columbia River Water 

Above 100-B Area 
100-F Area 
Hanford 
Pasco 
McNary Dam 
Vancouver, Washington 

Atmosphere 

93l Separations Areas 
1131 Separations Stacks 
Active Particles - Project 
Act.ive Particles - Environs 

Activity 

Type 

Isotopic 

Isotopic 
Isotopic 

Gross Beta 

Gross Beta 

Gross Beta 
I sot opic 
Isotopic 
Is 0 topic 

Isotopic 
Gross Beta 

Monthly 
Average 

0.3 
1.0 10-7 

3 09 
1.0 

< 3.0 x 

8.0 10-9- 

1.0 
1.2 

9 -0 
1.2 x 10-6 
0.4 

5.9 10-13 

1 *7 
1.0 
0.3 

Vegetation (Control limit for vegetation is 10-5 pc P/g) 

Separations Areas 
Residen+ial 
Eastern Washington and 
Oregon 

6 2.0 x 10- 
< 1.5 x lom6 

< 1.5 x 
Fission Products less Gamma 
1131 - Wash. and Ore. Emitters < 1.0 10-5 

Units - 

PCICC 
Combined curies/day 
ptle/100 m3 
ptle/100 m3 

+The MPCGI is the percent of the maximum permissible limit for occupational 
exposure to the gastrointestinal tract calculated from drinking water limits 
coctained in NBS Handbook 69. 

persons in the neighborhood of controlled areas for continuous exposure to 
the gastrointestinal tract calculated from drinking water limits contained 
in NBS Handbook 69. 

The most recent result is tabled. 

*The $ MPCGI is the percent of the maximum permissible ' concentrations for 

*This location is now sampled quarterly. 
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EXPOS!!?RE EVALUATION AND REC9RI!S 

Exposure Incidents above Permissible Limits 
Whole Body Localized 

0 0 
Aug..2s t 
19-50 to Date 1 3 

Gamma Pencils 
Pencils Paired Readings Paired Readings Lost 

B 1 
Over 280 mr Readiws Processed 100-280 mr 

8 
August 12 9 676 219 
1960 to Date 125,196 1,696 30 

Beta-Gamma Film Badges 
Readings Lost Average Dose Badges Readings Readings 

Processed loo-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packe 
mrad(ow) mr(s 

480 10.93 17.6 
50 42 15.79 August 10,268 850 198 

1960 to Date 90,009 7 , 174 1,297 333 

Neutron Film Badges 
Lost Film Readings Readings Readings 

Processed 50-100 mrem loo-300 mrem Over 300 mrem Readinps 
Slow Neutron 
August 1,284 
1960 to Date 8,029 

1 0 0 8 
3 0 0 34 

Fast Neutron 

1960 to Date 1,210 76 30 

Bioassay 

Plut onium : Samples Assayed 

August 136 3 1 

Results above 2.2 x r.rC/samPle 

0 0 
0 21 

hgust 1960 to Date 

404 5,343 
27 325 

Pission Products: Samples Assayed 429 5,164 
Results above 3.1 x pc FP/sample 7 10 

- Cranium: Samples Assayed 247 2,267 

0 13* Confirmed Plutonium Deposition Cases 

Whole Body Counter 

GE Employees 
Routine 
Special 
Te mina 1 

Nonemployees 

Pre -employment 

Total 

Male Female August 1960 to Date 

4 35 568 
20 
1 

31. 
0 3 3 

0 0 0 

7 1 8 35 

wrhis brings the %otal number of plutonium deposition cases which have occurred 
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Uraniu. Analyses 
Following Period gf No Exposure Following @posFe 

Units of 10-y pc U/CC 

Number 
Units of 10-y pc U/cc 

Number 
Maximum Average Samples Maximum Average Samples Sample Description 

7.9 2.4 57 
0 0 0 

3.9 23 
0 

1.3 
0 0 

1.3 2.9 37 
16 3.3 5 
0 0 0 
0 0 0 

17 
0 

33 
0 

I2 
21 
0 

14 

3.1 55 
0 0 
6.3 20 
0 0 

4.1 39 
4.9 7 
0 0 
5-1 4 

Fae Is Preparation 
Fue 1s Preparation* 
Hanford Laboratories 
Hanforvl Lsboratories* 
Shemical Processing 
Chemical Pr oce ss in@ 
Special Incidents 
Ran2 om 

*Samples taken prior to and after a specific job during work week. 

1960 to Date 
179 

5 

August 
.I9 

2 
__ 

Thyroid Checks 
Checks Taken 
Cheeks above Detection Limit 

Hand Checks 
Checks Taken - Alp& 

- Beta-gamma 

171 

304 
36 

Skin Contanhation 
Plutonium 
Fission Products 
Uranium 

22 

33 
1 

CALIBRATIONS 
Number of: Units Calibrated 

1960 to Date August 
Portable Instruments 
3P Mener 970 

284 
806 
152 
2,212 

7,271 
2,370 
6,277 * June 

34 
Other 

Tots1 

1,800 
- 

475 
2,275 

Personnel Meters 
Badge Film 
Pensils 
Other 

Total 

798 Miscellaneous Special Services 

Total Number of CalFbrations 
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LABORATORY AUXILIARIES OPEriATION 
MONTIlLY REPOET - AUGUST, 1960 

GENEim 

There was one security violation charged to the Operation. 

There were no major injuries; the minor injury freguency rate was 3.77, 
which is considered about average experience for safety performance. 

TECHNICAL SHOPS OPERATION 

Total productive time for the period was 17,150 hours. This includes 
13,665 hours performed in the Technicdl Shops, 2,723 hours assigned ta 
Minor Construction, 237 hours assigned to other project shops and 525 
hours assieped to off-site vendors. Total shop backlog is 16,345 hours, 
of which 60% is required in the current mnth with the remainder Us- 
tributed over a. three-month period. Overtime hours worked during the 
month was 6.18 (1,095 hours) of the total Available hours. 

Distribution of time was as follows: 

Man-Hours $ of Total 

Fuels Preparation Department 2,725 15.9 
Irradiation Processing Department 657 3.8 
Chemical Processing Department 870 5.0 
Hanford Lrhoratories Operation 12,848 75.0 
Construction Engineering & Utilities 22 .2 
Miscellaneous 28 .1 

Requests for emergency service remained at a higher than average level, 
requiring an overtime rate of 6.1%. 
achieved over the previous period. 

However, a reduction of 2.4% was 

RADIOGFWHIC TESTING OPERATION 

Ac coxup li shment s 

A total of 5,912 tests were made, of which 1,145 were radiographic (in- 
cluding x-ray and gamma-ray) and 4,767 were supplementary tests. 
a total of 2,881 man-hours, 858 (29.8%) were in connection with radio- 
graphic tests, and 2,023 (70.25) were used on supplementary tests. 
supplementary test work included: 
cent O.D. and I.D. ); stress analysis; surface tredtment (stem-detergent 
clednhg md vapor degreasing) ; and ultrLsonic (flaw detection, core 
integrity, bond testing and +,hichess measurements). 

Out of 

The 
magnetic particle; penetrant ( fluores- 
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The number of pieces hmdled this monzh t,oz,led L,613 ifems. The feet, of 
md.teri.,l represented by These items amounted 50 56,192 feet. Work on 
+,ubultlr components continued +A xcount for 'I large percentzge of the 
fooLtge of material tested. 

Work was bne for 22 org:inizsticmal components representing most of 
the operating departments md service organizations. A total of 47 
reports were issued detailing test findings with conclusions and re- 
commended &&ion. Radiographic Testing Operation wis consulted on 35 
different occasions for advice and infomtion on generil testing theory 
uld applications for other than the jobs 3abuluted in Part I1 - Testing 
Statistics. 

Work on the NF'R process tubes is progressing slowly. 
the facilities for the full-scale treatment and testing is taking longer 
than Kaiser Engineers had anticipated. 
NPR pmcess tubes has proceeded as far as possible on existing equipment, 
and on the tubes available. Delivery of new tubes has been curtailed to 
take advan5age of premiums for quantity shipment;. 

Preparation of 

Actual testing ;and treatment of 

Ogtstanding success has been achieved in making ultrasonic wall thickness 
measurements on the f'ull-sized NPR process tubes. 
obtained have yielded valuable information regarding the tube fabrication. 

The recordings being 

The first phase of the stress analysis work at the DR-reactor has been 
conpleted. 
on the reactor. 

This work consisted of preparation of gages md installation 

Space has been acquired in the 314 building to allow the consolidation of 
sheath tube treatment and testing facilities. 
been made in preparation of the area ad the installation of equipment. 
Testing rates of 1% tabes per week are being approached with the existing 
facilities. Work on these tubes includes: vapor degressing; stem-detergent 
cleaning; double ultrasonic scanning; and O.D. and I.D. fluorescent penetrant 
testing. 
+,he insoming supply. 
spo radi 2. 

Considerable prcgress has 

At the present testing rate it has been possible +A keep up wlsh 
Receipt of material from the tubing vendors has been 

Radiogrqhic Testing personnel participated in an on-si',e course on zhe 
Fmdamentals of radiography presented by represent.atives of the Budd 
Company. The course was three days long, coverbg ail aspects of 
radiography 
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Testing Statistics 

No. of Ft. of Weld No. of 
Component Tests or Material Pieces 

CE&U 526 312 523 

HID 3,952 

IPD 1,434 

To tal 5,912 

52,234 3,844 

3,646 246 

De scrip tion 

Film interpretation of radiographs 
Weed-X-Corporation of California 
;to the PRTR site; Radiograph two 
6' section of electrical cable to 
detect irregularities in the in- 
sulation and copper sheath. 

Zr-2 clad u02 fuel rods; Them- 
couple cluszers; Single thermo- 
couples; Zr-2 clad Pu Fuel rods; 
Unmachined TPU fuel rods; Machined 
TPU fuel rods ; Radiograph thermo- 
couples imbedded in iron oxide; 
Radiograph two sheaves and a 
crane hook; Radiograph f'uel 
elements on birch fabrication 
and developmen5 program; Radio- 
graph uO2 fuel elements for uO2 
fuel element program; Radiograph 
of fuel elements for the palm 
fabrication and development pm- 
gram; .505" I.D. x .OO5" wall 
S/S tube; .495" I.D., Zr-4 t;ubes; 
.680" I.D., Zr-4 tubes; TPU fuel 
rods; 304-L, ,005" wall S/S tubes; 
Fluorescent, pene trmt exarninxt ion 
of two sheaves and a crane hook & 

pins; Magnetic partisle .+,est crane 
hook; Vidigage tests of Hastaloy, 
Inconel, Constanton, and S/S 
tubing; Vidigage NPR tubes; 
Vidigage on conditioned NPR txbes. 

Radiograph welds on 2-1/2" szh 80 
piping in 1736-KER Bldg. ; Fluores- 
cent. penetrant C,ests 17 frcnt face 
nozzles from 1.05-D reacL50r; Ridio- 
graph welds on the CEP-3 Loop in 
1706-KER Eldg. ; Radiograph pipe tc 
bar weld 3/4" sch 160 pipe 1" thick 
bar: Radiograph welds on NPR dmp 
ays5em; RadSograph front faze 
nozzles from lO5-m reac';or; X-rzy 
welds - NPR tubes; Fl'loresceny pene- 
tran5 exmination sf 12 froni: faze 
nczzles 2" O.D. x 12" long; Pexer.rfiLr?f 
test "C" Qpe ribless tiibes ; STress 
mnlyeis on the crossheaders (rea? 
fLlce) of 105-~ reactor; merecope 
"C" type ribless tube 
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CONSTRUCTION OPERATION 

There were 50 existing J. A. Jones Company orders At the beginning of the 
month with 9 taka1 unexpended bslance of $178,067. 
11 supplements and adjustments for tmderms =mounted to $98,124. 
penditures during the month on HLO work were $u2,898 (Includes C.O. Cost). 
Total J. A. Jones backlog at mnth's end was $163,293. 

Eighty new orders, 
Ex- 

HL CE&U 
summary 

Unexpended Unexpended 
No. Balance - No. Balance - 

Orders outstanding beginning of mo. 48 168,987 2 9,080 

Issued during the mo. (Inc.Sup.& Adj)80 95,724 0 2,400 

(Inc.C.0. Costs) 109,027 3,871 
J.A. Jones Expenditures during m. 

Balance at mnth' s end 
Orders closed during month 65 83,246* 

155,684 2 7,609 
0 O* 

63 

* Face Value of Orders Closed 

FACILITIES ENGINEERING OPERATION 

Projects 

There' were 16 authorized pm jects a+, mnth's end with total authorized fbnds 
of $5,071,265. The total estimated cost of these projects is $7,026,000. 
There were no new projects authorized, one new project proposd submifted 
to *he Commission and no projects completed this month. 
$2,3OO,OOO of the authorized ft;nds for project xtivity remain as unexpended 
at mnfh's end. 

Appmximately 

The following summarized the status of FEO project, activity: 

Number of authorized projects at month's end - 16 

0 

0 

Number of new projects authorized during month 

Projects completed during the month 

New project proposals submitted to AEC during month 
CGH-907 Strontium-90 Interim Program 

i 

New projects awai+,ing AEX approval: 5 
CGH-832, Nl Scale Physical Constants Testing Reactor 
CGH-874, Consolidation of p lu%onium Metallurgy Facilities 
CAH-901, Sthctural Material Irradiation Tesi; Equipment 
CGE-902, Uranium Scrap Burning Facility 
CGH-907, S%ront.ium-gO Interim Program 

The attached project, report details the stsex 3f individual pm jects. 
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Engineering Services 

Engineering work performed during the month included the following listed 
major items as well as scope engineering for pro ject proposals. 

Title - 
329 Building Ventilation Mod. 

Status 

Work progressing to completion. 

Pressure Vessel and Code Piping- 
Engineering & Inspection Service 

This is a continuing work program on 
HKI vessels, pressure systems and 
related safety devices. 

Laboratory Furnace Installation 
Room 39-B, 326 Building 

Engineering and field work is complete. 

Glove Boxes, 325 Building 

Ewipment for Critical Mass 
Studies 

Fabrication is complete and appur- 
tenances are being installed. In- 
stallation in laboratory will starb 
during September. 

Materials on order. Detail design is 
about 854 complete. 

Fire Detection System - 314 Building 

Criticality Alarm - 300 Area 

Installation mrk 85$ complete. 

Installation work about 754 complete. 

Reactor Effluent Filter - Pilot 
Test Facility - 100-D 

Facility coqlete and filter tests 
are being performed. 

Improvement to Animal Waste Disposal Design work complete. Field work in 
System progress. 

Horizontal Control Rod and Drive 
for Tamper Tank (Critical Mass) 

Design work is progressing. 

Study 325 Building Ventilation 
System 

Engineering work in progress. 

Ventilation Improvements to 325 Engineering work is comple+,e. Field 
Basement Mezzanine work will start during September. 

Basement Access Enclosure - 325 Bldg. Engineering work has started. 

Air Conditioning Study - 2224 Bldg. Engineering work has started. 

Operating Spare Parts - 308 Building List of spares being compiled. 

UNCLASSIFIED 
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Title - 
Irradiation Studies Loop 

Ststus 

Design complete. Fabrication in 
progress. 

Breakaway Corrosion Loop Design in progress. 

Review of Pressure Systems Pm Primary and. secondary systems 
nearing completion. Helium 
system will be next on the agenda. 

Drafting and Desip Services 

Work load in central drafting mom (3706 Building) is constant with heavy 
backlog. 
with heavy backlog in 308 office. 

Branch offices in 306 and 308 Buildings have steady work loads 

Major design and drafting work in progress includes the following: 

1. 
2. 

3- 

4. 

5. 

6. 

7. 
8. 

9. 
10. 
11. 

High Level Utility Cell - 327 Bldg. - Special Tools (50% complete). 
PRTR Fuel Element Rupture Facility - Special design work of 
miscellaneous type. 
PRP Critical Facility - Detail of in-cell piping, ventilation, 
instrumentation and electrical work (19 drwgs. - 9096 complete). 
Physical and Mechanical Properties Test Cell - 327 Building - 
Special equipment desi@ (35 drawings - 40% complete). 
Irradiation Studies Test Loop - "C" or "K" reactor (12 drawings 
required - work completed). 
Structural Materials Irradiation Test Facility - Scope design - 
Loading Dock Enclosure - 321 Building (3 drawings - completed). 
Test Equipment for Gas Cooled Reactor - (10 drawings required - 
50$ complete). 
Hot Semi Works Building - Cell equipment revisions - work started. 
Fuel Element Wire wrapping machine (12 drawings required. - 90% complete). 
Shipping Cask - 500-gallon capacity - (80% complete). 

(25 drawings required - 3O$ complete). 

In addition to the above work miscellaneous small design-drafting jobs 
3re in progress. 

Approximately '23.5 drawings including sketches, work sheets, and formal 
drawings were completed during the month of August. 
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Plant, Maintenance and Operation 

costs 
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pq RW-66644 

Maintenance $ 18,976 97.0 

Janitor Services 16,802 98.0 
Operators 12,826 98.0 
Utilities 35,986 102.0 
Engrg. Serv. and Administration 5,582 

Total $ 90,172 99.0 

94.0 - 
Analysis of Costs 

The costs for the first month of $he fiscal year ran as expected. 

Miscellaneous 

Approximat.ely 19,700 square feet of prints were reproduced during the month. 

The total estimated value of the 12 requisitions issued during the month was 
$1,500. 

Instauation of six replacement hoods was 
Bio-Assay Laboratory. 

Intensive rehabilitiaCvion of 306 Building 
initiated this month. 

complet.ed at 747 Building, 

heaCvlng ad ventilating system was i 

TECHNICAL INFORMATION OPERATION 

A final draft of ins.iructions concerning the handling of research and 
developmen$ reports resulting from IIAPO subcontracts or ATH work agreements 
was completed and distributed t.c contract administrators and those responsible 
for technical liaison on ATH work. 
gestions from Departments wno reviewed the preliminary draft. 

The release incorporated a number of sug- 

A working draft of %he proposed new document access system was distributed 
+a HOO and HAP0 personnel concerned with the problem. 
the new system has been arranged for early in September. 

A meeting t.3 discuss . 
A program document set?,fng fort,h the plan TO a’xSomate the issuance, routing 
and mailing activities of the Classified Files was issued. Studies indicate 
that the pro Qect is feasible m-d offers an opportunity for coat reductions. 
Arrangements to obtain the required equipment. are underway with operation of 

the new system by April-May, 1961. 

Progress was made during the mcntlr on the Files’ microfilming program. The 
new microfilming equipment ordered by the Records Center 30 handle the 
program is on-site. The addit9onal equipment destined for Files’ me --- 
the M 8G M readerprinter, the microfilm szanner, the jacketing machine --- 
Is ei5her on hand sr in t.ransit. 
at +he Records Center. 1% is expezted that the microfilming of Files’ noldmgs 
can hegirr during September. 

The necessary work space is being readied 

UNCLASSIFIED 



UNCLASSIFIED -8 HW-66544 

The HAP0 Patent Attorney has developed instructions which will be printed 
in the personal notebooks issued to Plat personnel. Previously, the 
instructions for recording information which caulk constitute the subject 
matter of an invention, were distributed separately at the time a notebook 
was requested from Classified Files 

File Record Cards are now being made for all new UNCLASSIFIED microcards 
added to the collection. Previously, it had been decided not to make cards 
for each micmcard but this proved to be a mistake. 
Record Cards will be made for the unclassified micorcards already in the 
collection. 

As time permits File 

Technical Information was requested by Engineering Files to take over the 
responsibility for sets of aperture cards which contain microfilmed 
engineering drawings. 
separately. Normally, a number of drawings, thus a number of aperture 
cards, make ug the file on any one project. Personnel in the field sug- 
gested that the cards be set up and handled as sets similar to the way 
sets of slides are handled. After some study it was agreed that it was 
not necessary for Technical Information to assume the responsibility for 
the aperture cards in order to change the procedure for their handling. 
Engineering Files agreed they could develop a procedure for handling sets 
of the cards under one identification number rather than controlling each 
card separately. 

Engineering Files had been handling each card 

Work on declassification review of the older Hanford documents contained in 
Files proceeded smoothly during +,he month. 
documents were reviewed under the program. 

Approximately 578 of the older 

Work was undertaken on stripping the Files Reference Catalog of personal 
author cards containing information indexed and available in Nuclear 
Science Abstracts. 
representing a gain in space of more %han five full Catalog drawers. 
space is essential to keeping the Catalog within its present confines. 

Over 8,000 cards have been pulled from the Catalog, 
This 

Material gathered last month for proposed lectures on Instruction Manual 
Writing proved useful in answering an off-site request for similar material 
to be used by the Fischer and Porter Company, Warminster, Pennsylvania, in 
establishing their own Standard Maintenance Manual procedures. 
the bibliography on Instruction Manuals, two photostats, and the lecture 
notes were forwarded to Fischer and Porter. Under separate cover, a typical 
HAP0 Manual was also forwarded by Industrial Engineering, IPD. 

A copy of 

At the recpest of the Specialist, Professional Placement, the Specialist, 
Technical Informa5ion Procedures undertook a study of the procedures of 
the HLO Professional Placement Office. A series of meetings is being held 

with Professional Placement personnel to discuss recommended changes and 
ways 3f automating certain of the mutines. A report on the study will be 

prepared following conclusion of the meetings. 
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Work Volume S,tatistics 
Juls! 

Document Distribution and Files 

Documents routed and discharged (copies) 
Documents issued (copies) 
Document-s sent off-site (copies) 
Document reserves fined (copies) 
Documents picked up and delivered 

Do ctment Ac eout ability 

lbldcro af classified documents whose files 

Documents inventoried in Files (copies) 
Documents destroyed or ret.ired (copies) 
Documents revised (copies 1 
Documents pulled and bcuments filed (copies) 
Documents reclassified 
Accountable copies of SECRET and DOCUMENTED 

were inventoried 

CONFIDENTIAL documents on-site 

Reference and Publication 

Books cataloged (new titles) 
Books added to the collection (volumes) 
Ready reference questions anawered by pro- 

Literature searches by professional staff 
Reports abstracted (titles) 
Fomal reports prepared (titles) 
Off-site requests for HAPO reports (copies) 
Repcrts released to CAP (Sitles) 

fessional staff 

Library Acqiisitions and Circulation 

Books ordered (volumes) 
Periodicals ordere 3. 

Books circulated (voiumes) 
Periodicals circdated (issues ) 
Inter-Library loans 
Fihc borrowed or rented 
Industrial film showings 
Bound periodicals added +a the collection 

14,515 
11,818 
6 687 

634 
17,933 

642 
16,789 
2,967 
1,441 
9,476 

545 

~4,807 

85 
230 

150 
90 

207 
12 

324 
28 

446 
25 

1,704 
3,015 

84 
ll 
61 

201 

August 

19,347 
12,566 
7,597 

667 
20,764 

307 
25,539 
4,561 
1,164 
8,041 

663 

215,465 

100 

89 
304 
17 

450 
48 

244 
58 

1,676 
3; 221 

72 
12 

65 
0a 
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Library Collection 

Main Library W-10' Library 108-~ Library Ind. Med. Total 

No. of books 29,916 8J 521 1,656 2,016 42,109 

No. of bound 
periodicals 14,089 8 1,526 97 15,720 

- - - 
44J O05 8,529 3,182 2, 113 57,829 

Classification and Declassification Auppst 9 

Dmuments, including drawings and photographs 
reviewed for downgrading or declassification 252 696 

Documents and papers (intended for oral pre- 
sentation or publication) reviewed for 
app mp riate class if icat io n 

Documents submitted to Declassification 
Branch, Oak Ridge 8 26 5 

Manage 
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PROFESSIONAL PLACEIm AND 
XELTIONS P,UCTICES GPEFiATION 

MONTHLY REFORT 

GENERAL 

As of August 31, 1960, the staff of the Hanford Laboratories totalled 1411 
employees, including 680 exempt and 731 weekly salaried. 
585 possessed technical degrees, including 353 B.S., 129 M. S., and 103 
Ph. D. 

Of the total, 

WTH, SAFETY AND SECURl3Y 

The medical treatment frequency for August was 1.48 as compared with 1.97 
for the preceding month. 
accidents during the month. 
the total for the year to date to 23, as compared with 31 for the corre- 
sponding period last year. 

There were no disabling injuries or serious 
There were 6 security violations, bringing 

PROFESSIONAL PLACEMENT 

One Ph.D. candidate visited Richland during the month for interview. Four 
offers were extended, and offers were accepted by an experienced Ph.D. 
botanist and an inexperienced Ph.D. chemist. A total of ten Ph.D. accept- 
ances were received during the recruiting year beginning September 1, 1959 
and ending August 31, 1960. 

Five Technical Graduates were added to the rolls, six accepted permanent 
assignment and six termiaated, including four Engineering and Science Program 
members, one military leave and one temporary summer employee. 
end there were 78 Technical Graduates, including four members of the Engineer- 
ing and Science h-ogram and one Technician Trainee on program rolls. 

At month's 

The 1959-60 recruiting year officially was completed on August 31, 1960. 
For the Technical Graduate Program, 196 offers were extended and 82 accept- 
ances were received, In the experienced category, 114 offers were extended 
and 65 acceptances were received. Included in this total are 28 offers for 
HLo components resulting in 18 acceptances. 

EMPLOYMENT 

Eighteen weekly salaried vacancies were filled during the month. 
month's end there were 22 weekly salaried vacancies in HLO. 

At 

UNCLASSIFIED 
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TRAINING 

Twenty-seven BLO exempt employees completed tk second section of "Technical 
Report Writing" under the instruction of Professor E. Elliott of the 
University of Vashington . 

Professional Placement 
and Relations Practices 
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Xonexenrpt Employmect Status July kug. Nonexempt Transfer Request -- July AiJg I 

Be qyis it ions Transfers 

-- 

At end of month Active cases at end of mo. 79 

Cancelled Cancelled 1 

Rec E! ived New 5 

FiZed Effected 1 

22 22 

1 1 

19 19 

23 18 

77 

1 

0 

1 
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C - Technical Graduete and Technician Training Program 
Month Ending August 31, 1960 

TG Program 

78 Number of Personnel on Assign~Ik?nt 
(HAP0 Tech Grad Program . . . . . . . -74 
(Western District E.P. ........ b - 

Distribution of Assignmnts by Departments 

HLO 
IPD 
FPD 
CPD 
CE&UO 
c&Ao 

23 
31 
I2 
7 
4 
1 

Distribution of Assignments by Function 

46 R&D or Engineering 
Other 32 

TT Program 

1 

1 
0 
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FINkiK-IAL OPERATION MllNTHLY REPORT 
AUGUST 1960 

Personnel 

There were no personnel changes during August. 

Activities 

Travel during the first two months of FY 1961 has not varied significantly from 
the same period in FY 1960. Number of trips for this period in I;31 1960 was 192 
trips compared to 184 trips in Fy 1961. 

A revised allocation of HAP0 FY 1961 Ws for attendance at Off-Site Courses and 
Seminars increased HLO allocation to $4,200, an increase of $700. 

Approval was obtained for the transfer of fee f'unds within HLO as follows: 

Previous Revised 

Travel Variation $ 500 $ (500) 
All Other 8 100 

$* $7-600 

Expenditures and commitments for equipment for the first two months of FY 1961 
are approximately the same as for Fi 1960, however, our In Process Items 
(purchase requisitions and appropriation requests) this fiscal year are running 
ahead of FY 1960 by more than $100,000 which should indicate better performance 
in the second and third quarters. 

Three hundred seventy-nine new movable cataloged equipment items were tagged and 
entered on record during the month. 
items at August 31, amounted to l2,337 representing a 100 percent; increase since 
September 1956. 

The total HTX) movable cataloged equipment 

An inventory was takenbf all movable cataloged equipment purchased wider 
Projects CA-747, Plutonium Fabrication Pilot Plant and CG-731, Criti- Lal Mass 

Laboratory to prepare for project unitization and to establish botn Financial 
and Custodial control of project purchased equipment. 
physically inventoried and tagged under these two projects. The inventorying 
and tagging of the equipment was accomplished with help from Contract and 
Accounting. 

A total of k35 items were 

Reconciliation of the physical inventory of movable equipment in custody of Chem- 
ical Research and Development Operation is complete aEd a report of results was 
issued. 
physically counted. 
inventory. 
recorded in property records. 

Two thousand four hundred and two items valued at $1,859,343 were 
Eight items valued at $2,024 were net located dvicg $he 

Thirty-seven items valued at $17,893 were inventoried vhich were r~t. 
me percentage of missing eqcipment. tz adjusted 
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book balance (0.3376) does not appear excessive, however, six of the eight missiq 
items were charged to one Subsection, indicating a need for improved control. 
The inventory also revealed that there were a large number of equipment items 
which from all appearances had not been in use for some time. 
mended that equipment for which an immediate need is not foreseen be tracsferred 
to the Laboratory Equipment Pool. 

A summary report of findings in connection with the FY 1960 physical inventory 
of movable cataloged equipment in the custody of Hanford Laboratories was pre- 
pared and distributed. 
(11,7U items) with the adjusted book balance $u,726,818 (11,759 items) disclosed 
a shortage of 38 items valued at $8,592 compared with 24 missing items in FY 1959. 
Unrecorded items added to record during the fiscal year inventory totaled 194 items 
valued at $99,340 compared with 32 items valued at $8,118 in FY 1959. 
need for increased vigilance on the part of custodians to minimize future losses 
and unrecorded equipment. 

It was recom- 

A comparison of the inventory balance $11,718,226 

There is a 

Preparations were completed and a procedure distributed for the annuai physical 
inventory of precious metals and special materials to be taken on September 28, 
29, and 30, 1960. 
and Accounting personnel. 
schedule, a listing was prepared of all Sub-custodians (93), their location, type 
of materials on hand and quantities as of August 29, 1960. 

This inventory will be witnessed and reconciled by Contract 
To assist C&AO in preparing a detailed inventory 

Firty-one items valued at $8,884 were received at the Laboratory Equipment Pool 
during the month of August. 
placement requisitions. 
of others was withdrawn and 17 items valued at $13,599 were received during the 
month. 
month end. 

Three items valued at $960 were placed in lieu of 
One item valued at $12,300 stored for the convenience 

There are 437 items valued at $175,847 located in the storage area at 

Fourteen pieces of zirconium valued at $5,230 were received at the Laboratory 
Equipment Pool during August and 14 pieces valued zt $1,820 were disbursed. 
following materials were on hand at August 31, 1960: 

The 

Beryllium 
Palladium 
Platinum 
Silver 
Zirconium 

$ 33 
995 

5 281 
11 

64 780 

$ 71 loo - 
A listing of zirconium inventory by piece numbers, type of material and size 
physically located in the Laboratory Equipment Pool was distributed to HLO in- 
terested personnel. 

Arrangements were made for the physical inventory of Hot Semi-works to begin 
September 19, 1960. The physical cam$ will include all fixed property within 
the perimeter of the Hot Semi-works exclusion area fence, includirg movable 
property and the building which houses such property. 
fixed assets will be taken by C&AO personnel assisted by HLO Financial and 
Custodial personnel. 

”he physical count of 

UNCLASSIFIEC 
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The FY 1961 physical inventory of movz.ble cetelogcd equipment kg.n A:~.,?usc 23, 
1960, with the inventory of eauipment in the custody of -the ikdiation Protection 
@eration. The field woi-k in connection with the inventory count is scheduled 

to be completed Szoteniber 17, 1960. 

COST ACCOUNTING 

The General Manager - IWO on August 9, 1960, made the initial allocation of 
FY 1961 operating finds to HAPO components which was based on tne Financial 
Plan received from HOO-hEC on July 21, 1960. 
Hanford Laboratories were allmated to HLO Sections in a manner agreeable t.0 

the Section Iknagers and. control budgets were established for Sections as 
follow : 

Program amounts al-located to 

(Amounts in Thousands ) 

Chemical Research and Oevelopment 
Reactor and Fuels Research an6 Development 
Physics and Instrument Research and Development 
Biology 
Operations Research and Synthesis 
Radiation Protection 
Laboratory Auxiliaries 
Financial 
Professional Placement and Relations Practices 
Programming 
Assessments from HAPO 
Intra HLO Uiminations 

Total HLO Control Budget 

$ 4 185 
10 719 
2 286 
1 310 

396 
2 012 

4 765 
332 
888 
363 

1 877 
(3 727) 

s 25 403 -- 

One program code was estzblished and twa were cancelled during the mcnth as 
~0"olow: 

Program Code Title Renarks 

.80 Neutron Flux islonitor s New rcscarch and cicxl- 

opment prcgrm spcjnsoreci 
by D-ivi sion of Lcsctci- 
Oevelopcent . 

41 
51 

:iletallurgr I1 
Reactor IS 

Both codes cancelled - 
cstegory designations 
hsve been eliminzted. 

The preparation of expense codes ("I" work orders) for accmL&?ting mict'itn8ncF 
cost detail for pRlT operation is com>lete and will be incorporated in 'GI- 1S.i 

work order system starting October 1. 
detail by tme of maintenance, by specific piece or equipmeyt and mon-Lh&' 
maintenance costs by process system within the reactor fzcilitg. 

This system will provi3-e weekl.; ccst 

At '2x 



UNCLASSIFIED J-4 

presect time four types or' maintenance (mcdlfications, preventive mairieuerance, 
repair, and logged) and tvemy-slx process systems have Seen establishes for re- 
porting purposes requirir4 apprcximately 800.expense codes. 

Radiological Development meration (7840) will utilize the vcrk order system tc 
segregate radiological development ccstj by .functional catcgcries. 
expense codes ("I" orders), each represestiEq3 a f'unctional category, were 
established on August 22, 1960, 30 separately identify salaries, materials ax? 
indirect expenses of the Radiological Development Operatim. All persomel of 
this component will submit weekly Time Distribution Reports segregating their 
time to the appropriate "I" orders. 

Arrangements were made with the Frofessioml Placement. and Relations _Przctice; 
Operation to accumulate expenses associated with certain traisirg programs con- 
ducted in HLO, e.g., Business Operations is Our Changing Er_virorment and Frcfcs- 
siond Business Management I. 
ted to Contract Acccunti-%. 

Twenty 

A quarterly report will be Frepared and submit- 

Action as indicated occurred 03 the following projects duri,% the mortk: 

Physical Completion Notices Issued 

CA-747 Plutonium Fabrication Pilot Plaat -E 

Construction Completion and Cost Closirg Statements Issued 

cm-827 Automatic Columbia River Monitoriq Statim * 
CAR-837 Animal Pens, Isclation and Bamination Facilities * 
CAH-847 Geological and Hydrcl.2gical Wells, FY 1959 * 

++AI31 Services 3dy. 

There were 80 new authorizations fer $51,578 a;ld li suppLeme2ts for ;;46,546 
issued to J. A. Jones Construction Company dwiag the manth. 
physically completed on 65 authorizatiszs and 65 autharizationa amoirrting 
to $163,293 were still open at mmtk end 

Vmk was 

GENERAL 

The Audit of Wave1 and Living was completed. 
satisfactory. 

The activit,ies audited were above 

A competitive position study was started duriY4 the month. 
the study procedure and requests for particpation were provided to Sectim 
Managers. 
contributira scientists will begi:: early in September. 

Letters contaj.ning 

It is expected that information collection through interviews with 

Thirty-three employees were 3r. appraved leave from HaE-cra ia'ccrekcries as c.f 
August 17, 1960, for reasons as i2dica.x + d belou: 
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HW-66644 

Military Leave 
Pregnancy 
School 
Illness 
Personal 
Lack of Work 

Total 

Salaried Total Exempt 
2 ll 

9 
9 
0 9 

0 7 
2 2 

7 

2 0 2 
0 

0 
ZB = 

Information relative to school of first degree, course, year of graduation, post- 
graduate school, post-graduate course and highest degree attained is being 
assembled for reports required by Ftnyloyee Compensation Services. 

Payroll Statistics 

Number of HLO JZmployees Non- 
Chawes During Month Total Exempt Exempt 

Ihployees on Payroll at Beginning of Month 1 411 690 721 18 
28 10 Additions and Transfers In 
28 20 8 

Removals and Transfers Out 
EZnployees on Payroll at End of Month nri - rn - - 731 

Overtime Payments During Month 

Exempt 
Non-Exempt 

Gross Payroll Paid Duriw Month 

Ekempt 
Non-EScempt 

August July 

$, 6 071 $ 5 196 

$583 584 $585 349 

August July Participation in Jhployee Benefit 
Plans at Month md Number Percent Number Percent 

Pension Plan 
Insurance Plan 

Per sod Coverage 
Dependent Coverage 

U.S. Savings Bonds 
Stock Bonus Plan 
Savings Plan 
Savings & Security Plan 

Personal Accident Insurance 

Insurance Claims 
Employee Benefits 

Life Insurance 
Weekly Sickness & Accident 
Comprehensive Medical 

Comprehensive Medical 
Dependent Benefits 

Total 

1223 99.5 

1 369 99 -8 
979 

77 38.5 
90 6.4 

1,060 83.7 
789 57.3 

August 
Number Amount 

1 , $14 781. 
16 855 
28 2 73-5 

1 209 99.4 

1 365 99.8 
975 

79 39.7 
90 6.4 

1 &2 83 -7 
761 56.6 

July 
Number Amount 

0 $ 0 

2l 309 
47 4 131 

12 249 g $in83 
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INVENTIONS OR DISCOVERIES 

All persons engaged in work that might reasonady be expected to 

result in inventions or discoveries advise that, to the best of their knowledge 

and belief, no inventions or discoveries were made in the course of their 

work during the period covered by this report except as listed below. Such 

persons further advise that, for the period therein covered by this report, 

notebook records, if any, kept in the course of their work have been 

examined for possible inventions or discoveries. 

-- INVENTOR 

R. G. Wheeler 

J. T. Russell 

R. H. Moore 

R. H. Moore, 
W. L. Lyon 

F. M. Smith, 
R. P. Roberts . 

J. Dum 

0. H. Koski 

H. A. Treibs 

Milton Lewis 

G. R. Bauer 

G. R. Bauer 

JITLE OF INVENTION OR DISCOVERY 

A Device for Locking Coaxial Nuclear 
Fuel Elements Together 

Nuclear Particle Detectors 

A Pyroehemical Process for Preparation, 
Reconstitution, and Decontamination of 
U-AI and Pu-AI Fuels (HW-66435) 

A Pyrochemical Process for the Separa- 
tion and Recovery of Np and Pu (HW-66340) 

Recovery of Technetium from Neutralized 
Pur ex Waste Supernat e 

Dissolver for Radioactive Materials 

The Design of High Power Factor Low 
Frequency Induction Heaters 

Shield for CP Meter 

A Nuclear Magnetic Deflection Apparatus 
for Isotope Separation 

Strip Film Cutting (July 14, 1960) 

Hoist for Lifting in a Confined Space 
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