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- BUDGETS AND COSTS 

Costs for March were $1,886,000, an increase of $224,000 over the month of February. 
The major change was in the Plutonium Recycle Program which increased $149,000 over 
February to $548,000 for the nmnth. Fiscal year-to-date costs are 69s of the oper- 
ating budget of $20,510,,000. 

1. Reactor and Fuels 

Progress on PIITR construction is as follows: 
scheduled; Phase 11, 84$ completed versus 90s scheduled; and Phase 11-A, 58% 
completed versus %$ scheduled. 
Plant, Phase 11, is 89s completed versus 97s scheduled. 

Phase I, 86$ completed versus 969 

Construction of the Plutonium Fabrication Pilot 

Preliminary project proposals have been prepared for the PRTR Reactivity Measure- 
ment Facility and for the PRTR high pressure water loop. 
rupture test loop is in preparation. 
proposal, to increase the maximum temperature from 1100 F to 1500 F, has also 
been prepared. 

Another for a PRTR 
A revision to the PRTR gas-cooled loop 

The redesigned PRTR shim control assemblies are based on a lead screw drive, with 
three half rods in each assembly. 
core in the event of chain drive rupture. and reduce the reactivity carried in 
individual rods. 

These features preclude loss of a shim from the 

The first twenty Zircaloy-2 PRTR process tubes have been inspected and accepted 
at the vendor's plant, and will be shipped in April. 

hproved x-ray diffraction techniques now permit the accurste determination of 
the slip planes in extruded Zircaloy tubing and rolled Zircaloy sheet. 
ference in orientation of the planes in the two materials accounts for the commonly 
observed 30 percent greater circumferential strength in tubing as compared to shee- 

The dif- 

A careful analysis of the recrystallization and grain growth characteristics of 
50 percent cold worked zirconium heat treated in helium reveal that recrystalli- 
zation takes place by a process of nucleation and growth. No evidence of re- 
crystallization is noted at 400 C, whereas the process is complete after 1000 
minutes at 500 C. 
crystallization as the degree of cold work is decreased. 

Studies reveal that higher temperatures are required for re- 

Using vibratory compaction, 
of theoretical. 
been readied for MllR and ETR irradiation. 

A one-inch diameter loose powder element was operated at a heat transfer rate in 
excess of 1,000,OOO BTU/sq ft/hr. 
excessive jacket temperatures and ultimate rupture of the test piece by solid 
state reaction between the LQ and the Zircaloy cladding. 
exceeding the limits of the UOpZircaloy system were defined. 

Seven-rod elements exposed for four months in KER revealed no evidence of 

fuel has been compacted to a density of 82 percent 
Rod cluster elements with cores compacted in this manner have 

- 

A partial collapse of the can wall resulted in 

Conditions of operation 
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fretting corrosion caused by the wire wrap. 

The first 19-rod fuel element for the first 
mnth . 

PRTR loading was assembled during the 

The development of a swage feeding mechanism employing canted rubber rolls has 
resulted in improved straightness and a reduction of 50 percent in swaging time 
of Zircaloy-clad Q rods. 
was convincin'ay demonstrated by means of motion pictures of the die action in 
both the stationary and rotary die machines. 

The necessity of a drive mechanism capable of slipping 

The sinterability of mechanically mixed PU02-UO2 has been determined over the range 
from 0 to lo$ Pu@ and temperatures from 1000 to 1600 C for one hour sintering time 
Densities of Pu02-UO2 systems were less than for 
temperatures. 

only at the same sintering 

bading of extruded Pu-AI. cores into Zircaloy sheathing while maintaining an ex- 
tremely small gap in the finally assembled fuel rod has been difficult. 
machine has now been developed and is available to correct the i.d. variation of 
Zircaloy tubing to within one-ha1f.mil over a length of eight feet. 

A honing 

Heat transfer experiments confirmed the validity of present K Reactor outlet 
temperature limits in the event of low front header pressure or a failed-front 
hydraulic connector. 

Two seven-rod metallic uranium fuel elements with inter-rod spacings varying from 
0.025" to 0.060" were exposed to 1250 W/T in KER bop 1. Only the rod with the 
minimum clearance to both adjacent rods showed measurable increase in diameter. 
The increase was presumably caused by the higher internal temperature and was 
consistent with an increasing amunt of evidence that swelling becomes a severe 
problem at temperatures above about 450 C. 

Two tube-and-rod elements are now operating at 80 kw/ft in 240 C water in KER 
bop 4. Exposure is currently I200 MWD/T with goal exposure 2500 W/T. 

A closure with considerable promise for NPR rod elements consists of projection 
welding a plug on the end of a fuel rod with $he jacket thickened by a previous 
die upsetting operation. Preliminary tests SLOW that a secondary, circumferentia. 
fusion weld can be successfully applied leading to a closure with high strength 
and good corrosion resistance. 

Studies show that several aluminum alloys, including X-8001, dissolve more rapidly 
in molten AlSi than does 25 aluminum. 
the canning bath may be more critical when using alloy cans, if excessive penetra- 
tion is to be avoided. 

Useful new techniques for following the rate of rupturing of pre-defected, un- 
irradiated, jacketed fuel in an autoclave at 300 C have been developed, involving 
two different methods for continuously measuring the rate of release of hydrogen 

&as 

This Fmplies that temperature control of 

- 

The first successful out-of-reactor rupture test has been conducted in a flowing 
system with electrical heating of the fuel rod to simulate in-reactor heat gen- 

f 252 I3li 
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eration. Two of the three 25-mil pre-defected pin holes in the jacket exhibited 
raised areas essentially similar to previous tests without heat generat,ion in the 
fuel rod. 

Decontamination of reactor systems with strongly alkaline decontaminating ager,t, 
such as might be used in the presence of carbon steel, appears to be undesirable 
if both aluminum and Zircaloy are present in the system. 
tained of hydriding of the Zircaloy by hydrogen released by reamion beween the 
aluminum and the alkaline decontaminating agent* 

Evidence has been ob- 

It appears quite probable that the initial expansion which has been observed in 
graphite irradiated at high temperatures may be due to the annealing out of a 
mechanical “compression set” imposed on the graphite during manufactupo an1 
machining o 

Chemical Research and Development 

Continued laboratory investigations on nep3uaium recovery have emphasized a flow- 
sheet utilizing lower nitric acid concentration and the addition of ferrous 
sulfamate and hydrazine reducing agents. 
couraging. 
precise determination of the half-life of neptunium-237 has resolved difrerences 
in analytical results between coulometric titration and specific alpha activity 
measurements. 

Mini iaboratory pilot runs were en- 
A The process will be utilized in the next Pura Plant campaign. 

The new established half-life is 2.14 r”, 0.01 x 106 years. 

Laboratory study of rare earth reco-aery from Purex 1WW wastes showed that a 
previous method of rewval by sulfate precipitation is complicated by current 
1WW composition which is more concentrated anh contains a higher iron con+,en’;, 
A tentative promethium recovery and purification method is presented buz much 
experimental work remains to be done. 

Work on the potential recovery of plutonium from recuplex was5e streams by means 
of anion exchange resics has progressed to a point where the technical data have 
been transmitted to CPD for consideration of detailed design for zlant appiicatior 

Several significant items are reported on Non-Production Fuels processing studiec 
Mechanical tests on fuel chopping or sawing hare progressed 30 .s%udies or. shear 
blade life, zirconium sawing, with it.s pyrophoric problem, some work on partfcuh 
filtration, tests on the consequences of cut%ing into sodim or NaK bonde3. fuel 
elements in the presence of waterg and also experimental ~xp0su-p~ of fuel segaects 
containing sodium or NaK +a dissclver media. 
the presence of ferric nitrate greatsly stabilizes dissclvzr solutions of uraniun- 
molybdenum alloys. 
nitric acid of uraaiuro-mlybdeoum alloys, uranium metal, or uranium dioxide. 
explanation is apparent yet for _the anomalous dissolusicc behavior of stainless 
steel in the Hastelloy-F Niflex dissclver. 
the Niflex pilot plant is behaving sa+,isfactorily. 

The prac5ical discolrory was Hade thaz 

Ferric nitrate additive also increases +,he dissolution rate ir- 

No 

Other than %his somewhat minor prcblem 

Work is progressing to assure $hat Y- explosive residues rernsin 01: Aissolutior. 
of zirconium-uranium metallic syste, ... whizh will be encountered from ei$her 
zirconium co-extruded clad uranium metal or from power fuels utilizing uranium- 
zirconium alloy cores. 
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Cooperation with off-site laboratories continues and two new runs were completed 
at ORNL on power reactor fuel feeds to simulated Redox solvent extraction systems; 
ANL has begun a study of synthetic Pura 1WW waste calcinazion in their fluid bed 
waste calciner prototype. 

Uranium dioxide was found to dissolve rapidly in mol%en sodium chloride, poTassim 
chloride mixture when phosgene is bubbled through the solution. 
lieved to be uranyl chloride, precipitates uranium dioxide when zinc or zinc mag- 
nesium alloy is added to the melt. 
application in reprocessing power reactor fuel. 
plutonium dioxide. 

The solute, be- 

This simple uranium dioxide cycle could have 
The method does not work well for 

It was determined that a full size PRTR fuel element can be charged in existing 
Redox dissolvers provided a special folding bail is used. 

The use of metallic aluminum turnings to remove radioisotopes from regcfor 
effluent water has mved to the pilot plant stage where pressure - flow charscter- 
istics are being determined on beds of aluminum turnings. 
studies of reactor effluent water radioisotopes indicate that chronaiurc-5l acfi7:ity 
may exist as three distinct chemical species. 

Paper electrophoresis 

Six out of ten rats injected with erioglaucine 10 minutes prior to receiving a 
radiation dose of 900 r of x-radiation were alive 30 days af*erwards. 
of ten uninjected control animals survived. This corroborates sizilar ratios on 
the first test of this kind using mice, and further indicates that the erioglaucinc 
blue dye inhibits damaging radiation effects to living systems. 

Over 400 correlations indicate that residual moisture in vadose zone soil can be 
closely estimated by means of centrifuge tests which can be easily carried out in 
a laboratory. 

mly one 

3. Physics and Instrument Research ad Development 

Exponential pile measurements continued on massive uranium slugs as par? of a 
program to build up physics information to assist in the selection of good he1 
element designs for the NPR. 

Reactor lattice physics experiments began in support of the Gas Cooled Reactar 
Program. 
a seven-rod cluster of uranium oxide rods in a graphite moderated core. 

PC!FR data suitable for calculating physics parameters were obtained on 

A safe batch size of two tons was recommended for dissolvhg 0.954 enriched I 
and E fuel elements in the present dissolver after a review of recen5 experi- 
mental results and of the var€ous contingencies which might reasonably be ex- 
pecteJ in loading the dissolver. - 

Eqerimental work to accumulate critical mass information continued with 3% and 
1.25$ enriched uranium in homogeneous and heterogeneous configurations. 

Installation of towers and poles for this sumerps experimental program in 
atmospheric physics was begun after completion of the survey of the course. 
curement of the additional temporary employees was completed. 

Pro- 

I252 i 3L 
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In the basic data field, agreement of cross-section measurements on graphite 
by American, British, and French laboratories was iurpmved even further, as 
compared to the situation reported last mnth, by the direct measurement in 
the FCTR of the absolute value of the cross section of one bar. 

Studies of the neutron scatterhg properties of light water continued on the 
XE neutron spectrometer. 

Testing of a prototype criticality alarm was completed and the instrument was 
demonstrated for product department personnel. 
30,000 r/hr indicated no tendency to block or overload. 

A directive to proceed with construction of Phase I of the Critical Mas3 
Laboratory was received. 

Tests in a &amms field of 

Biology 

F'urther important information is being obtained relative to "observed ratios" 
It seems that not only do similar cations affect the uptake of one another bu+, 
dissimilar ones also do. 

The effectiveness of ELTA orally administered is continuing to be investigated. 
At this time, there is good reason to have hopes for the development of an 
effective pill. 

Good progress is being made in radioactive particle work with bgs. 
numbers of these animals have recently arrived to promise interesting results 
shortly. 
obtained. 

Sufficien? 

Turnover times from the lung to other organs and excreta are being 

Propramming 

A detailed study of a schedule for charging, discharging, and chemical processing 
of PRTR fuel was completed. 
useful in the procurement of plutonium and for the planning of chemical processin, 
operations 

The Meleager A and B fuel cycle analysis codes were compikd add run. 
of cross-section and related input information was essentially completed. 

The study was presented in chart form ard should be 

Preparazioi 

Consultations were held on the possible use of iodine-131 as a fracer in meteor- 
ological experiments designed to study the deposition properties of vapors as 
compared with particles. 

At an ASEE - Nuclear Committee meeting in Washingtan, a proposal to expand the 
1959 HLQ SINE program by utilization of several off-site speakers was accepted. 
This proposal was preferred over others involvlng off-site trips because of the 
lesser interference with the problem assignment portion of the prograt~. 
candidates were selected for this summer's institute. 

Ten 

Technical and Other Services 

An experiment designed to locate the optimum combination of preheat and submerge +,des 

1252131 



- in the canning cycle has been successfully completed and analyzed, and the r%suli,s 
used to define a smaller experimental region for subsequent pilot plant vorko 

Work on two operations research studies and six operations analysis programs continued 
during the month, and work on one new operatiomanalysis program was initiated. In 
addition, statistical and mathematical assistance on 20 problems was giver witkin 
HID and to other departments and operations. 

An explosion occurred on Msrch 31 in a lathe hood located in the plutonium metallurgy 
facilities in the 234-5 Building. 
taminated with plutonium materials. 
metal in the hood at the time of the explosion. 
above the left eye. 
precautionary measure. 
minimize any likelihood of internal deposition of plutonium. 
area in the Shielded Personnel bbnitoring Station and very preliminary bioassay measure 
ments indicated that the deposition of plutonium will probably be less than the per- 
missible limit. 
successful. 

Several Hanford Laboratories' employees were con- 
Two employees were machining a piece of plutonium 

One employee received a laceration 
Minor skin excision was performed on the contaminated wound as a 

The injured employee also received treatment with DTPA t~ 
Surveys of the wound 

Complete skin decontamination of the four involved employees was 

Excluding the above incident, no additional cases of plutonium deposition were COC- 
firmed during the month. This maintains the total number of deposition cases whic.2 
have occurred at Hanford at 228. 
a measurable deposition of plutonium. 

There are 162 employees currently employed who have 

There were 18 authorized projects at month's end with total authorized funds of 
$7,726,400. 
are recorded separately). 
jects are awaiting AEC approval. Project Proposals for ten new projects are in 
preparation. 

The total estimated cost of these projects is $7,870,400 (PRTR and PFFP 
One project was completed during the month. Two new pro- 

Radiographic Testing senrice work for the month continued above normal due to examina- 
tion of tubular products. A total of 9,555 tests were made of which 1,217 were radio 
graphic and the Eemainder supplementary- tests. 
able time was on radiographic testing. 

In man hours, 

The Technical Shops overtime rate continued high due to heavy 
requests. The propsed unit price contract agreement was not 
are being taken to set up procedures for rapid award of small 
off-site shops. 

554 of the total a*sail,- 

work load 2nd emergency 
approved by AEC. Steps 
fixed price jobs t.c 

Contracts for construction of the 327 Building Addition (CGH-790) and the 306 Buildiog 
Addition (CA-744) were awarded during the month. A project proposal was prepared and 
submitted to AM: requesting additional funds on CGH-790 due to unanticipated SWP work 

required. - 

The results of the 19% inventory of Research 
Weapon Data reports were reported to GE Security. 
of which lo5 copies are Weapon Data reports and the remaining 10,025 copies are 
Research and Development reports. Twenty-nine copies were reported as unaccounted 
for, of which twenty-seven were carry-overs from previous annual inventories. None 
of the unaccounted for reports are Weapon Data. 

and Development reports and Atomic 
WO's holdings are 10,130 copiss 



-. Supporting Functions 

The HLO Operating Budget for FY 1961 and Revision of FY 1960 has been cmple+ed. 
Proposed levels are $22.2 million for FY 1960 and $23.5 million for Fk' 1961 corn- 
pared to $20.5 million in FY 1959. 

Eanford Laboratories inventories are forecasted to increase from $806,000 in FIE 1959 
to $1.4 million in FY 1960. 
mm . 

Major increases are in Heavy Water ad Spare Parts fc? 

Whitney Progrsm equipment has been physically inventaried and the re-ords es5ablished 
on IBM 709. Total holdings at this time are 324 pieces valued at $574,000. 

Procedures have now been established to provide each HLO mi-; d.th an IBM $abiiLati.;r 
of their commitments for off-site material and service. "his t,abiria+.ion whi.?h shows 
open requisitions, purchase orders and contracts for each research program wili 
permi% exact planning for %hese elements of cost. 

At month's end, the staff of the Hanford Laboratories Operation +&Gled 1225 emplcyeea, 
including 576 exempt and 649 nonexempt employees. 
possessing technical degrees, including 278 B.S., 108 M.S. and 103 Ph.D. 

Seven sessions of the first program of the Information and OrientstLon. SerieL were 
presented with approximately 85$ of Laboratories nonexempt employees attending 
were completed for presentation of Program 11. 

There were 489 exemp: elnployees 

PLms 

One new grievance was received during the month. 
cedure for bargaining unit employees. 
grievance is now considered settled at Step I due tc expization of the +,'=le IfmiC, 

It pertabed 20 the transfer pro- 
The Step I answer was not satisfaetary bur, the 

The grievances processed by Raoford Laboratories since January 1, 1959 tct& s2a, 

Two sessions of the annual HLO Department Information Meeting were heid in ",e 
Village Theater on March 9 and 17. Approximately 300 EL0 employees at+ecded, 

Tours were held in March for 10 National Bank of Commerce officials, 30 Clarks-,or. 
High School students, 40 Kennewick High School studests, and Ri?Xand sckcd 3esc.k 

Laboratories personnel worked a totd of 206,000 man-hours druring tbe mm%h wi~b 23 
disabling injuries. 
completed with no disabling injuries. 

The medical treatment frequensy for March was 1.60 as ccmpared with 1.67 dwbg 
February . 

Since September 1, 1956 a total of 5,878,868 maa-hours hme bee9 

Ph.D. recruiting continues to encounter difficul%y in the acquisition of Ph.D. physi- 
cists with two rejecting our offers during the month to accept post doctoral or 
academic positions. 

O-ther Ph .D. recruitiag activity is progressing favorably. 
Graduates and experienced BS/MS candidates continues to meet wifh success alc,'l-.ough 
here again it is difficult to acquire the necessary numbers of candisfes Fr. p!~yslc.s, 

Recruitir-g of TedhEzi - 
I252 i 39 
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Recruiting for the Sumner Pmgram is now coqlete with acceptacces received frm 
ll professors, 12 graduate students, 10 juniors, and 5 high school teacbrs. 

Twenty-five nonexenpt requisitions were filled during the month. 
of 14 new requisitions, there are curreztly 40 openings in the Labora+,ol.',es. 
teen candiates are in process and two transfers pending, leaving 21 carx€idat,es +.3 

be procured. 

Wi%h %he mceL.-,$ 
Seven- 

Manager, 
EANFORD LABORATORIES 

BK Parker:bms 
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REACTOR AND FUELS RESEAFtCH AND DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

A. FISSIONABLE MATERIALS - 2000 PROGRAM 

b. 1 MPWUJFtGY PROGRAM 

Corrosion Studies 

Dynamic Corrosion of Aluminum in Deionized Water. 
newer experimental aluminum alloys (viz., those containing small percent- 

Since several of the 

Bges of mi, Fe, and Ti) exhibit corrosion resistance superior to X-8001 
in 360 C static water, testing of representative alloys has been extended 
to flowing systems employing deionized water at 300 C. On the basis of 
average penetration of the samples there was no significant difference 
between X-8001 and the newer alloys attributable to alloy composition 
alone, altho- one alloy designated KAB (0.6 w/o Ni, 2.1 Fe, 0.1 Ti) 
was visibly less attacked by erosion-corrosion on the leading edge of 
the upstream coupon. However, the average penetration of all samples 
was approximately the same, within experimental reproducibility, increas- 
ing from approximately 1.8 mils in two months at 4 ft/sec water velocity 
to 4.1 mils in two months at 38 ft/sec. 

Another test was conducted to measure the effects of water refreshment 
rate, flow rate, and time on the corrosion of X-8001 aluminum alloy at 
250 C in deionized water. 
approximately 0.36 mil in one month in an un-refreshed low-flow system 
to 2.5 mils in two months in a refreshed system at a water velocity of 
25 ft/sec. Increasing the velocity from effectively zero to 25 ft/sec 
increased the corrosion rate by a factor of approximately 3.5, increasing 
the time from one to two months increased the corrosion by a factor of 
approximately 1.4, and refreshment increased the corrosion rate by a 
factor of approximately 1.4. 

These experiments illustrate the importance of the dynamic effects 
(e.g., flow velocity and refreshment rate) on the corrosion of aluminum 
alloys in hot water. 

Effect of Autoclave Pre-treatment. 
of coupons in 250 C water has been discussed (January 1959 Monthly Report). 
After two months in 200 C water, 7 fps flow rate, 1 gph refreshment, the 
following rates were observed for samples with various pre-treatments: 

The average penetrations observed ranged from 

The effect of autoclave pre-treatment 

Pre-treatment Mils Corrosion 

None 1.70 
Autoclaved 1 day at 200 C 1.64 
Autoclaved 1 week at 200 C 0.67 
Autoclaved 1 day at 300 C 0.75 

1252141 



A- 2 Hw- 59717 

Jet Impingement Studies. 
susceptibility of aluminum alloys X-8001 and 1245 to attack by impingement 
of a jet of hot water. 
with a 0.009 inch orificed jet show no measurable penetration of either 
alloy in 200 minutes at a jet velocity of 44 ft/sec. 
ities (60 to 202 ft/sec) the rate of penetration of the 1245 alloy was 
greater than or eqd to the penetration of X-8001 (viz., at 202 ft/sec 
penetrations were 17.0 and 21.7 mils, respectively, for X-8001 and 1245 
alloy). 
similar previous tests employing 300 Area tap water rather than high 
purity water showed a small difference in favor of the 1245 alloy 

Tests are continuing to determine the relative 

Recent data employing high purity water at 100 C 

At higher jet veloc- 

The differences are relatively insignificant, however, and 

(m-57225 PP* 2-51. 

Fuel Element Rupture Kinetics. 
rupture kinetics and characteristics of coextruded Zircaloy-2 clad fuel 
elements in cooperation with Fuel Element Design Operation. 
defected with a 25-mil hole drilled through the cladding into the core. 
These are exposed to water in an induction heated autoclave at tempera- 
tures up to 300 C. 
During the first phase, a blister is slowly fomed at the defect, and 
there is little or no liberation of corrosion product or hydrogen. 
second phase begins when the blister pops open as a result of fracturing 
of the cladding. During this phase there is generous liberation of cor- 
rosion product and hydrogen as a result of extensive ripping of the clad- 
ding and rapid corrosion of the core material. 

Studies are continuing to determine 

Samples are 

The failure of these samplss occurs Lz two phases. 

The 

Two techniques have been developed to study rupture kinetics. 
method uses a palladium tube as a hydrogen valve to detect the end of the 
first phase of failure. The second Clgtisod uses a recirculating system to 
collect and measure the hydrogen gas liberated. 
kinetic data on both phases of the rupture process. 
have shown no hydrogen liberation during the first phase. At the start 
of the second phase there is a sudden burst of hydrogen leading into an 
approximately constant ra5e of hydrogen 1i'Seratioa. %e data for three 
runs are tabulated Selow: 

The first 

This method provides 
Preliminary tests 

Duration E2 EvGlution Rates 

60 mln. 28.5 d/min 

Temperature of Phase 1 Wing Phase 2 

33- 3 
250 c 
300 33 
300 30 II 133.3 

It was observed during the latter run that the constant bldrogen evolu- 
tion was actually a series of hydrogen bmsts which may correspond to 
the successive rupturing of blisters on the failing samples. 

I252 I !:? 
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Zircaloy Etching St.;idies. 
Zircaloy fuel elements is catlse for rejacticn. 

Tte occTsrrence cf vhite spots GI? actcclaved 
These spozs are usually 

associated with defectiv5 metal and thcs proprly rejected. 
however, these wfiife spots cm be caused by the etching and rinsing pro- 
cedures. In order to prevent etch sgottirg, spot-causing sabstances and 
rinsing techniques are being investigated. 
shown that even deionized water will cause light spotting when dried in 
laboratory air but no spots when dried in argoa. Rinsing in deionized 
water will remove dried spots capsed "uy diiute etcn solution (1:MOO) 
and tap water. 
starting the autocLave fuil of deionized vatzr. 
etch solution were par+,ially rzmoved 2y rinsing in bot 1$ 3E&Ud. Pre- 
sumably, spotting can 'ce caused by nor-volat'le aazurities left on the 
surface of tne Zircalay as it aD@roacbes autoclaving teqerature. 
investigation is JontinTiing. 

Occasionally, 

The ilzvestigaticn to date has 

The final rinse can 'ne sffeztively accom'glished by 
Dried s.;rcts of standard 

This 

Etching and autoclaving of eqzi=ozrrtal Z:raalcy-jackefzd Piel rods for 
the PRTlz has also con';ri?-&ed to ai: -.~r".,orsJva~rllng of con4itions which 
cause water s2otting. %e %sf ;rcc?dii5 fo>-~.l. tc da:e h.vr,lves tke Ise 
of deionized water [rather than %a;., water;, at zoom tenpratue for the 
final rinse step after ztciizlg; and ",hen wiplng the Zircalay surface dry 
with paper towels rather Than pmE'-,ting the wa:er to evapxate 3n the 
Zircaloy surface e 

Examination was begun on 
given a high ixadiatio2 
cyclically anzealsd '=an 

Basic Metall-JrRy StiAdies 

c- Radiation EffPcts in Fissiona3le Mat3ria;s. :ne design of advanced fuel 
elements 3eTends :Ban some imowiedig~ of the effects of irradiation on 
significart mechanical an5 ghysicai ;?ropertieso 
these data for xran2m irradiate5 :3 ;?.018, 3.031.r 3.S75, and S.l@ 
burnup is under waj. ?ensile tes',s tiere ?crfom%i OI! tvo specimens 
which were cyclically ameal3d a3er irradiation. 
sented ti, burnu? of 9.3314 asd vas cyclsr? t!r%e tbes htween 4CO and 
TOO C. The holding tine et each tsrminal tm?sratwe vas two hours. 
The other specben was irraciated to 0.9754 kzrrq and h*as slmilbrly 
annealed Setweel LOO and 830 C, 
yield strength of 32,500 ssi, an ultimate strcngLh of 45,900 ?si, and an 
elongation of lo$. 
strength of 3l,5CO psi, an -Ltimate strpngtki of h3,?00 ;st, and an 
elongation of l>G$ 

A ;,regran to o3tain 

One spcimcn reFrp- 

Fie gOC3l$ b-xnu? sp~ckon exhibited 

The O,C75$ Silrmq spcimex d.ispla.@ a yield 

Trscticslly no change in 2:ictility Ssomsared to 
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as-irradiated uranium resulted from cyclic annealing; whereas single 
pulse'annealing caused a slight improvement of ductility at TOO C and 
considerable improvement at 800 C. 
cycling through phase transformations either enhances rare gas dif- 
fusion to grain boundaries or enlarges microcrack networks both of 
which weaken the material. 
of the specimens after annealing supports the la-rmechanism. 
yleld strength of both specimens is lower than the unirradiated yield 
strength which was 37,800 psi. Such a decrease in yield strength can 
be explained by the microcracks in the specimen cross section. 

These results suggest that thermal 

The appearance of microcracks on the surface 
The 

Radiation Effects in Structural Materials. A series of me3als repre- 
senting the cammon metal crystal types was irradiated at Srookhaven, 
Hanford, and the Ml'R under various exposure conditions. These metals 
include copper, nickel, titanium, zirconium, iron, molybdenum, and 
type 347 stainless steel. 
physical properties of these metals were initiated at XA?L and will be 
completed at HAP0 to advance the theory cf neutrcl? daroage to metals. 

Post-irradiation measurements of mechanical and 

Metallographic procedures were established for the unirradiated control 
speclmens, and photomicrogra?hs at 250 and lOOOX were taken. Fain- 
ation of zirconium microsections revealed a large hydride concentration. 
An snalytic program to quantitatively determine the imyurity content of 
both the unirradiated and irradiated materials was initiated. The de- 
termination of lattice garame3ers by x-ray Ciffraction was started for 
molybdenum, zirconium, and titanium. Measquments of reflection line 
widths for control molybdenum reveal a residual cold wors after anneal- 
ing of from 5 to 12 percent. All electrical resistivity measurements 
for specimens to be used in the isoc'hronal annealing investigation were 
campleted. 

Mechanical and Physical ProDerties of Materials. !The creep properties 
of Zircaloy-2 are consi3erably **raved >y simll axcunts of residual 
work. The extent to which increasing amouts of cold work iinprove creep 
properties and the efiecf of recovery occxring in the test temperature- 
range is not known. 
Zircaloy-2 fabrications groce&res can %e ssecified for zrocess tubing. 
A portion of the Zircaloy-2 stock sugslied to 3attelle Memorial Institute 
for the FWO Assistance Progrm Croep Tzs%ing was further cold worked to 
15, 25, and 45$, and fla% speshens 05 the 35 and b54 material are now 
being tested in the vacuum croq mits at strass lovels of 21,000 and 
18,000 psi and 400 C (752 E'), Lrl adcitios to the Cree? tests in the 
vacuum units, advantags is bbiag taken of t,hP availability of four at- 
mosphere creep units to determine the eff2ct of C02 contamination in 
the helium atmosgbere on the creeg ycgerties of Zlrcaloy-2. SFmilar 
conditions will be used on the atmospheze -chines to those in the 
vacuum units except for +,he carjon dioxide ccntent, of the atmosphere, 

These effects are Seing deterpined in order'.that 

Eleotron and Optical Microscopy. 
cladding and fuel materials Ls a direct way of detecting radiation 
damage in these materials. 

The study of the microstructure of 

Thin fibs of 702 gregsrerl5y vacuum 



A- 5 

evaporation of uranium metal have been irradiated and examined in the 
electron microscope. 
structure and diffraction patterns of three films irradiated to 
2.6 x l&8, 1.3 x 1019, and 2.6 x 1019 nvt with that of an unirradiated 
control as well as controls annealed for 72 hours at 100 C and '200 C 
shows: 
with increasing annealing temperatures; (2) lattice parameters after a 
200 C anneal for 72 hour 
irradiation to 2.6 x 1018 nvt; (3) the irradiation to 1.3 x 1019 nvt 
causes additional shrinkage; with further irradiation to 2.6 x 1019 nvt, 
the lattice expands to the value characteristic of the control specimen 
annealed for 72 hours at 100 C; (4) no change in transmission structure 
of the thin films after annealing is apparent; (5) during irradiation of 
the uniform thin films regions of high electron scattering or absorption 
form; the largest of these regions which are opaque to electrons in the 
respective films have sizes of 0.15 micron, 0.5 micron, and 0.75 micron 
diameters corresponding with the increasing exposures. Qualitative 
calculations on the expected number of fissions occurring in a U02 film 
with a thickn ss of 10 2 indicate that 400 fissions per square micron 
per 2.6 x nvt should occur. If each fission in the foil causes re- 
arrangement of U02, then the opaque regions in the film may arise from 
such fission events, and their size will vary with the angular distribu- 
tion of the fission spike through the foil (range of fission fragment 
approximately 10 microns). In order that the damage in thin foils can 
be studied more precisely, foils of evaporated U and also of alumi m 
are currently being irradiated to exposures in the range 1.4 x 10" to 
2.5 x 1019 nvt. 

The microscopic study of the fracture surfaces on irradiated uranium 
broken at various temperatures is continuing. Uranium with a burnup 
of 0.018 a/o fractured by impact at -196 C has large fracture facets 
and extensive "river patterns" similar to non-irradiated control speci- 
mens. Small holes with diameters of 500 PP are revealed on the fracture 
surface. 
-78 C also resembles the non-irradiated fracture with one notable ex- 
ception: 

Comparison of the electron transmission micro- 

(1) annealing of the evaporated films causes lattice contraction 

are identical to those obtained from the 45 C 

The impact fracture of uranium with a burnup of 0.018 a/o at 

the degree and extent of twinning is markedly reduced. 

X-Ray Diffraction Studies. To increase the accuracy in the outer 
portion of pole figures, a more detailed me+,hod of obtaining and plot- 
ting data for this region has been employed. This method involves the 
correlation of data from spiral scans of tangential, longitudinal, and 
transverse specimens of tubing and effectively eliminates the need or' 
correcting for varying amounts of absorption and defocusing of the x- 
rays. As a result of this procedure, previously reported textures in 
Zircaloy-2 tubing must be somewhat modified. 
planes) in the extruded tubing are found to be oriented parallel to 
the tube axis and perpendicular to tube surface. 
basal planes in rolled sheet are oriented parallel to the rolling 
direction, but approximately 40 degrees to the rolling plane. 
sulting difference in the resolved shear stress on the slip planes 
accounts for the observed 30 percent greater circumferential strength 

The basal planes (slip 

In contrast, the 

The re- 

in Zircaloy-2 tubing than in rolled Zircaloy-2 sheet. 
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Solid State Reactions. 
gated since an understanding of the role of imperfections produced Sy 
irradiation upon a set of materia3 properties is essential to ?till util- 
ization of any material in reactor. An analysis cf x-ray diffraction 
data obtained from irradiated rnoly3dentim indicates beyond a reasonable 
doubt that the interstitlals produced by irradiazion are mo3iJ.e at the 
Irradiation temperature. More important, there is evidence that these 
interstitial atoms are interacting with the defects which are present in 
the metal before Irradiation as well as with the vacancies produced by 
irradiation. The interstitials combine with dislocations, impurity atoms 
and with each other, resuiting in highly inrmo3ile regions of microstain. 
The result is an increase in yield strength sild a loss of ductility in 
the metal as.well as an increase in transition temperature. 
in properties are often deleterious to a inaterial from a practical stand- 
point. This result indicates that introduction of appropriate ttsinkstt in 
the material before irradiation could hprove in-reactor gerformance of 
structural. materials. 
selected alloying constituents or 3y introducing controlled arcounts of 
residual work in the aaterial. 

Mechanisms of radiatlcn damage are being investi- 

These changes 

This would be accomplished ‘sy the addition of 

Optimum conditions of heat treatment fcr zirzonium, Zircaloy-2 and 
Zlrcaloy-3 are being studied as a f’unction of cold work, temperature, 
time and heat treatment atslosghere. 
identified in zirconium heat treated in helium. A series of photomicro- 
graphs indicate that the oonzcntration of fhe second $tase, zirconium 
hydride, increases with increasing teqerat,-ze where the time of heat 
treatment is held constant. At 300 C the hydrides stand wit at small and 
sparsely distrikuted gold glc5:iles; as tenperatvue is increased, a needle- 
like structure is formed; after trea5ment a’; 8C0 C the needles are very 
large, covering the dimeter of one or two grains. Several conclusions 
regarding rate of recrystallization and grain grcch in 50$ cold worked 
zirconium heat treated in halirrm can be drawn f’rc~ reeent metallographic 
evidence. Recrystallization takes place by a arocss of nucleation and 
growth in contzast to the recrystallization in sit3 re?ortzd Sy other 
investigators for highly cold worked material. 30 2vidence of recrystal- 
lization is noted at 400 C in the 50s coi2 worked material. At -500 C 
small grains begin to appear After 103 minutes they 
are numerous and after 1000 mimtes recrystallizaticn is conqlete. The 
resultant average grain diaaeter aiter :m~lsion of rozrystallization 
is 0.016 mm. 
temperature growth is obserred to 3e sensi2ive to time an5 terqerature. 
The relationships have keen worked out so tbt a “sired grain size may 
be obtained in practice by selecting a given heat trea+aent. These re- 
sults apply only to TO$ cold worked zirconi7m heat tzeated in helium. 
It is conceivable that another ahosphem could either retard or accel- 
erate the recrystallization and growkh grocesses. 
ment of 10 and 25$ cold worked zirconi-m in heliym for 100 minutes has 
been investigated and comparison with the micrcgra2hs of initially S@ 
cold worked materials indicates that higher temperatures are required 
for recrystallization as cold work level is decreased. 

A zirconium hydride phase has been 

azter 10 mimltes. 

No pair. growth is observed at 620 Z, while above this 

Results of heat treat- 

Resuitant grain 



diameters are 0.040 and 0.022 mm after recrystallization of 10 and 25$ 
cold worked zirconim. 
worked material and only a small amount was foud in the 25$ cold worked 
material. 

No grain growth was o5served in the 16 cold 

A knowledge of diffusion in various urani;nn/barrier metal/clad metal 
combinations is important in the design of fuel elements. 
presently being stiidied in the U/Ni/X-8001 system, and in AlSi bonded 
X-8001 clad uranium slugs. Two slugs have been autoclaved 56 days at 
304 C and two are now being autoclave5 112 days at 3C4 C. 
are the last to be studied in the present series. 
having a 0.0009" thick Ni barrier, were annealed 80 days at 450 C. 
maxFmum penetration of uraniun toward the oii%er X-8001 surface was O.CO45" 
in all of these couples. 
such couples, for times greaf,er than 4C days, is ~"2.335 (t-20), where x 
is the penetration of Uranian toward the wter X-&?Ol scface in thousands 
of an inch, and t is the time i?l days. 
times less than 43 days, Sezause of t>e transitio? fro2 a Sinary to a 
ternary system. Several U/ki/X-&Ol diffusior, couples &-ring 3.0001, 
0.0003, and 0.0006 inch thick diffusion Sarriers were also annealed 80 
days at 450 C. 
in all of these couples. 

Diffusion is 

These slugs 
Four 3/Xi/Al couples, 

The 

P-s the penetraticn relationship at 45C C in 

ni,s eqression is not vslid for 

The uranium eczcplstely yenetrated the O.CIi2" thick x-8001 

In-Reactor Measurements. A 'aovlsdge of the errcrs in tmperature mea- 
surement using thermocouples ii? a neu2ron fL1.m is essential for the quan- 
titative evaluation of the effec+,s of neutron irraciiation of materials. 
Because such knowledge is lackirrg, a pogram of measuring thermocouple 
stability in-reactor is c:urently in p-ogress. The 300 C thermocouple 
stability capsule charged Fn KW Reactcr has received i936 hours of ex- 
posure. The three thermocou@es ucier test, iron-co~stantan, copper- 
constantan and chromal alumel, b.ve shown EO sarked (leviation from t'ne 
ex-reactor calibration. 
"dummy" capscle have also been sta5le at 300 C. An order has keen placed 
for a Cree? capsule com2lete with extension leads and zezessary monitoring 
equipment with Technical Industries of Pasadena, Califorlia. The creep . 

capsule will contain a Zircaloy-2 spechen. 
ating at an applied stress of 3C,gOO psi at a naxintnn temperature of 400 C, 
while in a water cooled test hole in the KW Reactor. 

Themccouples of the sme type in an ex-reactor 

It will ks capable of oper- 

Metallic Fuel Development 

Cluster Fuel Elements. 
the ETR 3x3 loop facility are cperating at 85 kw/ft. 
fabricated from natural uraniim rods coextzuded in Zircaloy-2 cladding 
and have reached an exposure of 650 K=/T in 280 C water ccolant. 

Three 7-rod clustez fael elements recharged into 
These elements were 

An irradiation test of seven-rod cluster fuel elements charged into the 
KER Loop 1 facility to compare the behavicr of differicg clad thicknesses 
during irradiation is operating satisfactorily in 230 C water. Operation 
at temperature over the past month has been internittent due to an unex- 
plained rise in pressure difforential across -,he loop. After a skitdown, 

t 252 I Lrl 
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and subsequent startup of the reactor, pressure drop across the lcop 
dropped sharply. 
source of trouble. 
of which 1500 WD/T has been attained. 

This fluctuation rules out fuel distortion as the 
Goal exposure for this irradiation is 4500 MWD/T, 

KER Loop 2 facility monitoring system detected what might be a fuel 
failure. 
enriched to 1.6 percent U-235 and one three-foot, three-rod cluster with 
integral end closed rods enriched to 1.6 percent U-235. 
were discharged March 25, 1959. Cursory examination of each element 
showed no visible sign of failure. 
with each rise in water temperature, but decreased during steady state 
operation at that temperature. 
metallic fuel corrosion. Detailed examination will be continued by 
Radiometallurgy Laboratory Operation. 

The loop charge consisted of four 7-rod cluster fuel elements 

These elements 

Activity in the loop water increased 

This behavior is not consistent with 

Examination of four 7-rod cluster fuel elements made from 1.3 percent 
enriched uranlum rods and clad in stainless steel has shown evidence 
of cracking. Metallographic examination of one rod shows that no grain 
structure exists at the estimated burnup of 0.4 a/o and that micro- 
cracking existed in the form of five parallel cracks across the uranium 
core. The cracklrig observed in coextruded Zircaloy-2 clad uranium rods 
was randomly oriented and quite different in appearance than that observed 
in the anbonded steel clad rods. Post-irradiation measurements show no 
increase in diameter of cladding but about a 0.002 inch increase in 
uranium diameter. An initial 0,050 inch gap between the end cap and uran- 
ium rod was also filled. 
contact between the uranium and its cladding,.no diffusion layer was 
seen at 1OOOX. 

Although there existed an intimate mechanical 

Three 7-rod cluster fuel elements have been prepared for charging into 
a KE Through-hole facility to gain exposure prior to purposely defecting 
a rod in the element at temperature in the ETR 3x3 loop facility. These 
fuel elements, fabricated with a defect in the clad which was subsequently 
covered with a welded cover, will be exposed to 1000 and EO00 MWIS/T. 
Three additional fuel elements are being made to defect at zero exposure 
to obtain contamination data prior to failing the above pre-irradiated 
elements . 
Closely packed cluster elements can increase the reactivity of the fuel 
loading in an I?PR. 
from 0.025-0.066 inch were exposed to 1250 MWD/T in KER Loop 1. 
were Nw coextruded Zircaloy-2 clad uranium with 0.630 inch 0.d. 
coolant temperature was 270 C. One element has been examined. All rods 
increased in length from 0.004 to 0.027 inch. Only the rod with minimum 
clearance to both adjacent rods suffered measurable diametral increese. 
This closely spaced rod increased 0.008 inch or 1,2 percent in diameter. 
Presumably, the unique behavior of this rod was related to the higher 

Two 7-rod elements with interrod spacings varying 
All rods 

Maximum 

metal temperature occurrinqin that rod. 

NCU$SI FIE8 
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Tubular Fuel Elements. 
element was made for EZR 6x9 test. 
showed uranium contamination in an autoclave test. The element is 
now recapped. 
for the outer tube and 1.050 o.d., 0.500 i.d. for the inner tube. The 
core is two percent Zr-U alloy clad with 0.020” Zircaloy-2. 

A twenty-inch coextruded tube and tube fuel 
The weld closure of the outer rod 

The dimensions of this element are 0.d. 1.820, i.d. 1.450 

Flow measurements confirmed the coolant flow distribution calculated 
for fuel temperature determination. 
the E!CR Reactor Safeguard Committee. 
being fabricated for KER testing. 
unalloyed uranium. 

This measurement was required by 
Eight tube-tube elements are now 

Four will be alloy core, four natural 

Two tube and rod elements are now being irradiated in KER Loop 4. 
elements are operating at 80 kw/ft in 240 C bulk outlet water. 
lated clad temperatures are 270 C. 
and goal exposure for the test has been extended to 2500 MWD/T. 

These 
Calcu- 

Current exposure level is 1200 MWD/T, 

Fuel for Present Reactors. A series of “C” size AlSi bonded I & E fuel 
elements were canned under various conditions and submitted for bond 
strength evaluation. From these samples a complete series of specimens 
were selected whose bond strengths ranged in value from 0 to 10,000 psi 
in 250 psi increments. 
so that a continuous record of photomicrographs will indicate the change 
of bond structures. 

These samples are being polished and photographed 

The quality of material for a special depleted uranium hot pressed fuel 
element study was found to be below standard so that difficulty was ex- 
perienced in obtaining a clean nickel plete. 
dicated a highly oriented structure in the (200) direction. Examination 
of the microstructure revealed a conglomeration of beta grains near the 
center and alpha grains near the edge which confirmed the x-ray results. 
Additional samples were then given various heat treatments. 
single beta treatment the (200) plane became normalized and the growth 
index stabilized. 

X-ray analysis also in- 

After a 

Component Fabrication. A series of coextrusion billets were prepared 
for extrusion at Nuclear Metals, Inc., during the first week in March. 
Seven billets were prepared including three machined uranium assemblies 
and four assemblies made by casting uranium directly into the Zircaloy-2 
container. The machined cores were made from four-inch diameter dingot 
uranium that had been alpha extruded from a seven-inch diameter gamma 
extrusion. Two of the cast billets were single beta heat treated after 
casting, and two were extruded as cast. The billets were all 3,000 inch 
outer diameter with 0.063 inch copper jackets. Extrusions were made at 
2l:l extrusion ratio with billet preheat of 1155 F. The resulting rods 
have been examined insofar as Zircaloy-2 surface and Zr-2-uranium inter- 
face are concerned, and limited examination has been made of the bond . 
zone. All the machined dingot uranium cores produced an extremely ir- 
regular interface due to large domains pot broken up by the 3:l alpha 
extrusion. The as cast billets also p+oduced a‘raugh, irre’gular Zr-2- 

I252 i li$ 
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uranium interface, probably due to the lsrge as-cast Ltranium grain size. 
In addition, the outer Zircaloy-2 surface was rough with sharp longi- 
tudinal ridges. 
produced during casting the uranium into the billet cup. 
was heated into the beta phase to about 1200 C maximum and upon cooling 
had a large irregular grain size. 
produced a much smoother Zircaloy-2-uranium interface, but also had the 
rough outer Zircaloy-2 surface. The as-extraded bond zone of the cast 
and cast plus beta heat treated material is approximately the same as a 
normal coextrusion followed by beta heat treatment. The thicker dif- 
fusion zone is not entirely uniform at the sections examined to date. 

This effect is attributed to the Zircaloy-2 structure 
The Zircaloy-2 

The cast and beta heat treated billets 

Additional 7-rod cluster spiders were fabricated by the "Japex" process 
of spark gap machining. Spiders were cut from 0.100" and 0.200" thick 
plates of Zlrcaloy-2. A die design is now in progress to determine the 
feasibility of punching spiders from Zircaloy plate. 

Closure and Joininq. 
with 0.030 inch thick Zircaloy-2 clad has been accomplished at tempera- 
tures of 600 C by extruding the uranium core out of the end of the rod 
while thickening the Zircaloy-2 cladding material and forcing it over the 
end of the rod. The thickened Zircaloy-2 surface is required for one , 
fonn of welded end closure. A 0.593 inch diameter rod with a 0.020 inch 
thick Z-ircaloy-2 clad has been formed similarly, and the results are 
promising; however, full evaluation of the nosing on the thinner wall 
clad uranium has not been completed due to tooling difficulties. 
tional work is necessary on the forming dies to issure uniform thick- 
ening of the Zircaloy-2 cladding around the end of tbe rod. 

Satisfactory nosing of 0.630 inch diameter NF'R rods 

Addi- 

A simple high quality closure method is being devaloped for coextruded 
Zircaloy-2 clad fiml rods based on a press nosing operation followed Sy 
a projection weld and a final outside fusion weld. Results of tests of 
this process are as follows: 
at 620 C for twenty minutes without adversely affecting th- corrosion 
behavior of the elements; (2) high quality projec",ion welds can be made 
on the basis of satisfactory corrosion results consisting of eq.osing 
the elements for twenty-four hours at 400 C in a steam autoclave: 
(3) tensile testing of the projection weld was made, and the welds did 
not fall at a load of 9,100 pounds. 
jaws at this load. 
on these elements to effect a second closure. The result.s of mechanical, 
metallurgfcal, and environment testing indicate that this method will 
result in a high quality closure process for coexknded rod type fuel 
elements . 

(1) the rods can be heate6 and held in air 

Failurz took glace in the gripping 
(L) Consistent high quality fision welds can be made 

Two types of end closures on Zircaloy-2 clad -uanium rod were tested by 
pressurizing the space between the uranium and the end cap. 
used as the hydraulic fluid so that the tests could be made at 300 C 
without excessive corrosion of the uranium. 
closure and the welded-only closure type broke when the longitudinal 
stress in the jacket was 30,000 psi. 

MIPS was 

Both the swaged and welded 



Allied Fuel Studies. 
clad uranium operating with a cladding surface tmerature of 250-350 C 
and a maximum fuel temperature of 450-700 C is of fmportance to Hanford. 
To provide initial swelling data, five experimental assemblies with co- 
extruded natural uranium fuel rods clad with 0.030" Zr-2 are being or 
have been irradihted in the IClX and ETR. The chemical burnup analysis 
of GEH-3-31, the first of the above rods to be examined, is reported as 
0.22 a/o which checks closely with the 0.24 a/o burnup calculated from 
the power. 
at an exposure of 3500 MWD/T. 
has slowed considerably because of the erratic operation of the ETR. 
Eight additional experimental assemblies are being prepared for irradi- 
ation in the MTR or ETR to (1) compare the swelling behavior of 0.020 and 
0.030 Zr-2 clad fuel rods under identical reactor conditions, (2) compare 
the swelling of clad ingot and dingot uranium, (3) investigate swelling 
behavior of 0.020 and 0.030" Zr-2 clad rods at a series of temperatures 
and exposures. 

Knowledge of the swelling behavior of unalloyed 

Discharge of GEX-3-32 fran the E'R is planned for April 6 
Exposure of the remaining three fuel rods 

A mock-up of the capsue assembly for the in-reactor fuel element jacket 
burst test has been tested in a cooled test hole mock-q to verify heat 
transfer calculations. 
watts estimated gamma heating and 366 watts electrical neatingj will be 
required to maintain a specinen temperature of 3L5 C with a 0.065" helium 
annulus around the capsule assembly. The test showed that 944 watts of 
heat input to the capsule assmbly would give a specinen temperature of 
341 C with a 0.100" helium anntilus surrmnding the capsule assembly. 
agreement between calculated aad test data is excellent. 

The calculations indicate that 1066 watts (700 

The 

An attempt has been made to determine fuel corrosion rates of defected 
(0.025" diameter clad defects) coextruded rod within the temperature 
range 185-300 C. 
were tested in an electrically heated water autoclave at 2300 psi. The 
autoclave heating rate to test temperature was so slow and inconsistent 
(3.5 to 6.0 hours) that the establishment 3f a~ accurate time scale was 
not possible. It appears, however, that at a tem2erature of 250 C and 
above a fuel corrosion rate of about one gra;n/minute may be expected for' 
the given sample and test conditions. 
now being made in an induction heated autoclave and the fuel corrosion 
will be correlated with hydrogen generation. 
been exposed to flowing 300 C water vhila Seing electrically heated at 
a rate of 45 kw/ft for thrse hwxs without difficulty. Defected rods 
will be operated in this test facility to compare the failure behavior 
of power generating rods with the failure behavior of non-power generating 
rods in Elmo No. 4 loop. 

he1 rods in the beta trea';ed, water quenched condition 

Corrosion rate determinations are 

A coextruded fuel rod has 

A microscopic mechanism d.Je to the anisotropic thermal expansion of 
uranium crystals may cause cracking in rapidly cooled irradiated uranium. 
An experimental investigation of the effect or' cooling rate of irradiated 
uranium from the high 
The rate of cooling will be controlled by varying uranium sample thickness. 
Transient thermal calculations have Seen made. 

phase upon crack formation has been initiated. 
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Component Fabrication. 
various spider design can be interpreted intelligently, it is necessary 
to know the minimum pressure drop attainable. Wee clusters atilizing 
the spider which appears to have tine least flow restriction have been 
assembled and will be flow tested to estab1ish.a 3ase for pressure drop 
evaluation of other spider designs. 
offer advantages in fabrication and mechanical strength have been de- 
veloped and will be tested on mock-up elements. 

Before pressure drop data on cluster elements of 

Twa other spider concepts which 

MetallurRical Development. 
Magnethemic Corporation and Ohio Crankshaft Ccmpmy (Tocco) to perform 

Contract negotiations are under way with 

heat treating studies on coextrdded material. The contract will consist 
of three steps. 
heating rates, cooling rates, etc.; second: to develop a piece of equip- 
ment with appropriate scanning devices and hydra-dic stretch straightener; 
and third, to prove the.equipment will satisfactorily work and to supply 
us with the work- unit. 

First, basic heat treating studies to determine proper 

A series of casting tests have been completed to evaluate various crucible 
preparations and mold conditions. 
zirconia, flame sprayed zirconia, and magnesim zirconate with thoria 
have been used with molten urani;l;ll at 1500 C. 
30 minutes have been investigated. Spectrographic analysis indicated a 
slight increase of iron in the uranium cast from the flame sprayed cru- 
cible. Final evalstion awaits the return of c&r5on and nitrogen results. 

Crucible coatings zonsisting of 

Holding times of 10 and 

Work has begun in determining the mechanism of forming a metallurgical 
bond between uranium and zircmium in casting. 
are often bonded while other portions are unbczded. 
thought to be the controlling factor in the bonding process. Various 
substances are saced on the inner surface of the Zirzaloy container, 
heated to 1000 C, and the molten I;ranium is poured. The samgle is then 
examined to determine the effect of the impuritiss. 
indicate that trace amounts of carbon aid the 5onding process. me effect 
of ZrOg, UOg, U308, and N.2 additions have not been evaluated at this time. 

A group of uranium fuel cores have Seer? prodwed with closely controlled 
heat treatment to prod=lce defined vol-mes of untransformed metal at 
specified locations within the core. 
tablishing limits of detection for the ultrasonic transformation tester 
and to provide standards for calikrating the test ecpipment,. Both ingot 
and dingot metal was used to provide solid ccres, "0" size I 2; E and "C" 
size I & E cores with untransformed regions approximately l/8-inch deep 
8t the -'-%erior or exterior surfacgs in specified locatiocs. 

Portions of cast pieces 
Imgurities are 

Results to date 

me material Is reqiiired for es- 

The results of studies conducted to date on the solztion rate of A-2, 
C-64, and X-8001 jacket alloys in eutxtic &Si (12.5&) indicate that 

than does 2s aluminum, and that the solution rats for the alloys in- 
creases more sharply with increasing temperature than that for 2s. 
implies that temperat-=e control of the cming bath nay be aore critical 

three, escecially X-8001, dissolve more rapidlg in the molten bath 

This 
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when using the alloy cans if excessive wall penetration is to be avoided. 
Studies on the effect of different silicon concentrations are in progress. 

Design Analyses and Computations. Reactor fuel elements encounter skewed 
heat distributions and eccentric placement in flow channels. These non- 
concentric thermal and hydraulic conditions cause mechanical warpage and 
further eccentricities. Bipolar coordinates are being used to express 
skewed temperature and heat generation distributions. 
for temperature distribution from a skewed ring source and a method of 
determining the heat generation for temperature distributions which are 
dependent upon the radial bipolar coordinate have been found. 

Facilities and Equipment. 
may be higher than is desirable for same fuel tests. 
sleeve to control flux levels is being studied. 
boron 304 steel was welded into tubing by M and C Nuclear. A sample from 
this tube was autoclaved in 350 C water for 120 hours to check the possi- 
bility of boron leachings. 
steel pieces were analyzed for boron pickup. 
nificant weight change. 
surface boron content of the aluminum increased only from 0.00125 percent 
to about 0.00140 percent. 
poisoning effect if present in 6x9 loop plumbing. 

A Green's function 

The neutron flux available in the ETR 6x9 loop 
The use of a boron 

A sample of 1.5 percent 

Aluminum alloy couponssmdwiched with the boron 
The steel pieces had no sig- 

The The aluminum pieces had typical weight gain. 

The latter concentration will have no significant 

The shroud tube failed on the EX% 3x3 in-reactor section because of a 
faulty circumferential weld. 
inserted. 

The tube was removed and the standby tube 
A third tube has been redesigned and is out on bid. 

The revision to Project CA-681 to design the loops for the study of failures 
and to develop instrumentation for the ETR has been approved. Present 
estimates indicate that the work will be completed by October 1, 1959. 

REACTOR PROGRAM 

Coolant Systems Development 

Rupture Testing. 
Slug Rupture Prototype in 185-~ Bldg. 
coextruded uranium rod, 0.593" o.d., clad in Zr-2. 
run with an undefected rod at a water temperature of 300 C, a water flow 
velocity at about 20 to 30 feet per second, and a power generation rate 
in the rod of 37 kw/ft for the first two hours and 45 kw/ft for the final 
hour.. This rod was then defected with three 0.025" pinholes and recharged. 
It was then retested in 300 C water for 30 minutes at a power generation 
of 30 kw/ft. 
area at two of the pinholes. 
rupture rate between this rod and the unheated rupture tests in Elmo-4. 
The braze joint between the fuel rod and copper connector came apart after 
the test and will have to be repaired before rerunning. 
extruded rod with isothermal beta treatment will be tested shortly. 

Two tests were completed during the month in the Heated 
Both tests were made on a single 

The first test was 

The only damage to the rod was a slight 1/8" diameter raised 
There was essentially no difference in 

Another co- 
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Tests in KER In-Reactor Facilities. The pressure drop across the in- 

outage to a degree that caused reduction in loop flow. 
condition, the loop was operated.about three weeks at reduced temperature, 
during which time the pressure drop fell slightly. 
both the rear and the front diffuser rings were removed and examined. 
There was no evidence of plugging. 
of the front ring, the pressure drop and flow rate returned to normal. 
The temperature was returned to normal. However, at the next outage on 
startup and change from process to loop water, the pressure drop again 
increased and the flow rate fell off. It is conclcded that there may be 
a flow blockage lodged samewhere in the charge, which was temporarily 
relieved by a smaJ.1 back-flow when the front end cap was removed. 
cause of the uncertainty of flow over the fuel elements, ogeration is now 
at reduced temperature, and premature discharge may be required. The 
loop contains seven 1.e-enriched 7-rod clllsters with 20-mil and 30-mil 
Zircaloy-2 jackets. These had been charged January 14, and were scheduled 
to be exposed to 4500 WIT or *uti1 about &gust 1959. 

-reactor portion of KER Loop 1 increased sharply at the start of a reactor 
Because of this 

At the next outage 

On starting flow after the inspection 

Be- 

The cladding temperature on the X-8001 aluminrrm clad Doe thenocouplo 
element charged from the front face of KER-2 increased 45 C after 220 
hours of operation in 220 C water at p3 4.5. 
off at 288 C when the last good thermocouple failed, the other two thermo- 
couples having failed previously. Instrumen%atioa checks revealed all 
thermocouples to be open-circulated. From this it is assumed that vi- 
bration caused by flow around the unsupported therinocouple wire; broke 
the 30-gage themocouple wires. 
from the front face will be modified to protect the wires from excessive 
vibration. 

The temperature had leveled 

Future designs for leading thermocouples 

A possible rupture in KER Loop 2 was detected March 16, when the delayed 
neutron monitor went up as the water temperature rose during reactor 
startup. The temperature was brought down to lCOo withoilt scramming the 
reactor. The activity was reduced to that of normal operation. An indi- 
cation of bromine fission product was found in the water. 
contains four enriched 7-rod clusters, one enriched 3-rod cluster, and 
two U02 T-rod clusters, all clad with Zirzaloy-2. 
ated since December 9, at 205 C outlet, pH 10 LiOH. The loop was dis- 
charged on March 26, and filled with dummies. 
for decontamination and tube reglacement during the extended outage next 
month. 

The loop 

Tbese had been irradi- 

Tbis loop is scheduled 

Non-Uniform Corrosion Studies. The caustic embrittlement test on A-212 
carbon steel was terminated after lOOG hours, with no cracking observed. 
The sample had been exposed to pH 10.0 water at 290 C under conditions 
where concentration of the water occllrred in a stressed area. LiOH was 
YJsed for pH adjustment. 

A test apparatus has been designed to observe the effects of local 
boiling with solids deposition in stressed areas of heat exchzngers. 
Dual objectives from this test are the procuremens of information on 
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caustic cracking at high temperatures, plus information on the feas- 
ibility of raw water cooling of stainless steel tubes tuder boiling 
conditions. 

Zircaloy-2 fretting corrosion testing at 290 C, 10, has been under 
way for eight weeks. Although to date no attack has been produced by 
8 Zr-2 coupon rubbing on a Zr-2 spring wire, the magnitude of the de- 
flection is unknown, and it is possible that the conditions are not 
sufficiently severe to cause fretting corrosion. 
fretting corrosion is usually determined - movement lznder measured load - 
is difficult to set up in high temperature water. However, several 
methods are being tried which will investigate this type of corrosion 
as well as mechanical wear. 

The condition whereby 

Decontamination Corrosion. 
tamination" using the Wco 4501 process. 

The ~ho-6 loop was subjected to a "decon- 
Welded and non-welded Zr-2 

coupons were put in a Zircaloy-2 tube and were exposed with aluminum 
coupons. 
at the extended outage at KE in April, in which the in-reactor tube 
would be decontaminated. This tube contains alminum coupons. 

The intent was to duplicate the proposed KER-4 decontamination 

Following the rinsing, the Zr-2 coupons were weighed and found to have 
lost 39-66 mg/dm2 (0.024-0.040 mil) during 'the decontamination. 
loop was operated for 291 hours at 300 C, pH 4.5, with these coupons, 
plus control coupons which had been treated with the Turco 4501 process 
with no hydrogen evolution. 
cluded. The Zircaloy-2 coupons, welded and non-welded, exposed to the 
decontamination solution in E~O-6 with hydrogen evolution, all showed 
heavy white corrosion product and additional weight gains of 35-47 mg/dm2. 
All the other Zr-2 coupons used for controls snowed no white corrosion 
product and had weight gains of only 10-12 mg/dni2. 
Zircaloy-2 tube also had heavy white corrosicn product after 291 hours. 
Examination of a Zr-2 coupon following the decontamination revealed no 
ZrH2 metallographically, but the coupon did have a changed surface 
which could have be%n due to an. extremely thin hydride layer. 

The 

Coupons with 30 treatmext were also in- 

In addition, the 

The results of the test indicate that no hydrogen can be present during 
decontamination of Zircaloy-2 withmt risking the destruction of its 
corrosion resistance. A report, EIW-59707, is being written covering 
the details of this test. 

In order to investigate the results of repeated decoataminotion cycles 
on corrosion, two loops (CEP-1 and CEP-4) are being utilized to study 
304 S/S, Zr-2, stellite 6,and 12, and A-212 carbon steel corrosion. 
Stress and crevice specbens as well as stainless steel and Zircaloy-2 
welds also will be studied. The loops will be operated with weekly 
"decontaminations" and will investigate the Yesulting corrosion over a 
six to twelve-month period. 
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Decantaminat ion. The 

Facility dissolver at 
KER-2 and KER-4 LOOPS 

stainless steel triangular 
were decontaminated in the 
105 C, employing the Turco 

dummies discharged from 
Metal Examination 
4501 decontamination 

process. 
maintain the solution temperature above 122 C. 
pressure was then raised from 50 to 90 psig. 
tion temperature to reach 125.5 C. 
cleaned satisfactorily. 
APACE Process for further decontamination. 

Effects of Decontaminants on Corrosion Rates. Tests to determine uniform 
corrosion rates of sensitized and non-sensitized 304 stainless steel 
following a Wco 4501 process decontamination have been completed. 
effects of the Turco solutions on subsequent uniform corrosion rates were 
found. 
were charged into two recirculating loops, one operating with pH 10 (LiOH), 
290 C water, and the other operating with pH 4.5 (S3PO4), 300 C water. 
Uniform corrosion rates of the Turco treated coupons and emery polished 
control coupons were 0.048 mil/year in the pH 4.5 water and 0.0044 mil/ 
year in the pH 10 water. 
in the decontamination solutions and recharged into the pH 10 loop to 
determine whether a second decontamination has any effects on subsequent 
corrosion behavior. 

The first test was unsuccessful since it was impossible to 
The heating steam 

This permitted the solu- 
About 1/3 of these dummies were 

These dummies will now be subjected to the 

No 

Coupons pre-treated in the Turco 4501 decontamination process 

The filmed coupons were stripped of their films 

A test to determine corrosion rates of welded Zr-2 coupons pre-treated 
in the Turco-4501 and APACE decontamination processes in pH 4.5, 300 C 
water has begun. 
bean methods. 

Coupons are welded by both the heliarc and electron 

Carbon steel coupons pre-treated in the Turco 4512 carbon steel decon- 
tamination solution ( inhibited H3PO4) and non-treated control coupons 
were discharged after 239, 516, and 791 hours. 
mately one mil in diameter by one mil deep were found on the phosphate 
treated coupons at the first discharge. However, these pits have not 
increased in size after the second and third discharges. 

Numerous pits approxi-. 

Corrosion of Aluminum Under Heat Transfer Conditions. One set of 
experiments has been completed in the heat transfer loop at San Jose. 
Corrosion measurements on the X-8001 unheated aluminum coupons eqosed 
for 1000 hours at 260 C and pH 6.6 disclose rates of 1.1 mils/month. 
Tubes of X-8001 operated under a heat flux of 1.4 x 105 Btu/hr-ft* and 
average surface temperatures of 268 to 270 C exhibited corrosion rates 
of 1.8 mils/month. 
at an average local water temperature of 260 C then flowed past the un- 
heated coupons mentioned above. 
to determine the effects of water quality, surface condition, and other 
variables on the corrosion rate and film thickness. After the initial 
experiments with aluminum, similar experiments will be conducted with 

Zircaloy-2. 

The hot, flowing water leaving these heated tubes 

Additional experiments are being planned 
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Surface Treatment of Al-minum. Ap?lying a thic nickel plating to al-minum 
is considered as a possible method for increasing its corrosion resistsnce 
in neutral pH water. Type 2s alumina clad fuel elements were plated wlth 
one-mil nickel plates applied, respectively, by electrolytic and chemical 
processes. After one week at 300 C at neutral pH, the electroplated 
elements began peeling on the ends apparently at the locations where the 
slugs had been supported in the plating bath. No evidence of peeling was 
observed on the chemically plated elements. 
could be easily removed by wiping the chemically plated elements while it 
could not be removed from the electroplated elements. Because of the 
questionable integrity of the electroplate6 elements, they were not re- 
charged for further testing. 

The high temperature scale 

NPR Component Testing. 
seal considered for possible NPR use has been cycled 850 times from 303 to 
525 F at 1530 psi with no detectable leakage. 
of about 1000 cycles, the maximum test teaperatme and pressure will be 
raised to 580 F and 190 psi to determine whether the joint will perform 
satisfactorily at apgroximate PPR conditions. 

Corrosion of Materials in Organic Coolants. 
700 F and water concentrations from 45 to 65 ppm was completed in organic 
test loop ORA-1. 
98.w Mg) increased to about four sils/month while the Magnox in, nressed to 
about three mils/month, compared with a previously reported one mil/month 
at a water concentration of X) ppm. 
steel coupons were essentially unchanged. 
bearing wear on the Ckaphitor 14 bearings was evident on visual inspection 
of the Chempump after 2000 hOWS r'mning tine. 

A Canadian NPD reactor rolled joint nozzle-tube 

After satisfactory completion 

A test rm of 523 hours at 

The corrosion rates of the magnesium alloys (AZ-31 and 

The X-8001 aluminum and the carbon 
Very little radial or thrust 

Structural Materials Development 

Zircaloy Process Tubes Xegotiation to obtain development contracts for 
the fabrication of Zircaloy-2 process tubes for the retubing program and, 
for the NPR were continued. Essential agreement was achieved with Harvey 
Aluminum, Mallory Sharon Metals, Sqerior Tube and Tube Reducing Corpora- 
tion for tne fabricazion of 75 two-ribbed 3DF-ty;e 2rocess.tubes. Com- 
petitive bids for the fabrication of 1OC smcoth bore BDF-ty?e tabes hsve 
been evaluated, and it is exTected that one or mwe wiil be placed with 
the low bidders. 

Nonmetallic Materials Developnsnt 

Thermal Annealing of Graphite Contraction. 
temperature contraction of graghite results from a relief of st,resses 
frozen in during fabrication, annealing should not cause an increase in 
length to the original value. The first annealing experiments on pitch 
coke samples which contracted at a higher rate than reactor grade 
graphites indicate that contraction does not anneal. This substantiates 
but does not prove the currect theory of the contraction mechanism. 
pitch coke graphite samFles which had contracted from 0.02;ipercent to 

If radiation-induced high- 

Four 
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0.05 percent during 742 MD/AT reactor irradistion at 450 C were annealed 
to a meximum temperature of 2600 C in about 500 C intervals. 
of the samples remained constant through step anneals of six hours each 
at 1000 C, 1580 C, and 2220 C. 
1.25 hours, all samples contracted approximately an additional 0.01 per- 
cent. 
however, and the contraction is assumed to be due to further graphitiza- 
tion. 
occurred in the samples during all the heat treatments. 

The lengths 

After thermal treatment of 2600 C for 

This temperature exceeded the original graphitization temperature, 

Only minor oxidation, 0.15 percent to 0.20 percent weight loss, 

An unirradiated pitch coke sample, used as a standard, showed a small 
increase in length of 0.02 percent after heating at 1580 C. 
tracted 0.03 perzent at 2220 C and an accrrmulated total of 0.10 percent 
after exceeding the original graphitization temperature at 2600 C. The 
standard sample shape differed from the irradiated sample, allowing greater 
oxidation (0.44 percent) during the heating. 
account for its slightly higher initial growt;h. 

It then con- 

This greater oxidation may 

Compression Set in Graphite. 
type prepared for Eianford and ElTR irradiations 'has been observed. 

Compression set in graphite samples of the 
In 

making coefficient of thermal expansion deteminations, it was noted that 
samples were approximately 0.02 percent longer than the original length 
after heatfng to 425 C and then cooling to mom temperature. On subse- 
quent runs to the same temperature no further annealing was observed. 
Samples annealed to 2600 C in 500 C steps contimed to elongate until 
at 2600 C the total elongation was 0.19 percent of the unannealed length. 

This "compression set" is attributable to a method of sample pre2aration 
in which the rough stock is mounted between holders which apply a com- 
pressive force. The graphite is drawn through a se'; of clltters to form 
a cylinder. Samples prepared on a lathe with a minbum of compressive 
restraicing force exhibited a maximum increase in length of only 0.003 
Eercent when annealed to 425 C. Studies are now being made %o determine 
the amount of force exerted during sample preparation and the relationship 
between permanent set and campressive force. Irradiation tests .are also 
planned to determine whether the initial expansion 3efore contraction ob- 
served, for high temperature irradiations, is the result of annealing a 
compression set. To insure that future high temperature irradiation 
samples will not contain any compression set, smplos will be pre-annealed 
to at least 50 C above the expected irradiation temperature, 

Hi& Temperst*xre Graphite Irradiations. Four graphite samplts, two of 
Continental coke and two of CSF, in the high tem?erature irradiation 
m-9-8 are operating at 750, 750 , 1000 , and 975 C e Lack of surf icient 
gamma heat at sample number three prevented attairxnent of the planned 
1050 e. 

Installation of the first test capsule in the E!F!? high temperature 
graphite emeriment GEH-13-1 has been delayed due to irregular operation 
of the reactor the past few weeks. Evemhing is in readiness for charg- 
ing the capsule into the N-14 position. The second Caps.de, intended 

http://Caps.de
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for the E-5 position, will be completed during the next few weeks. 
capsules contain CO and CSF graphites. 

These 

Work is progressing on the L-48 modified MIR shim rod containing a high 
temperature graphite experiment, GEH-19. 
is early April. 
components have been completed. 
yet been shipped to Hanford due to a strike at the vendor's plant. 
possibility of procuring the instruments on a government priority is 
being explored. In the event of an extended delay, consideration will 
be given to starting the experiment on manual temperature control. 

Intermediate Temperature Graphite Irradiation. 
irradiations at 80 C were started in the 2B test hole at KW Reactor. 
Samples of CSF and Continental coke graphites were charged with cobalt, 
cadmium-cobalt, and nickel flux monitors. 
after about 1000 MWD/AT. 

The target date for completion 

Control instruments for GEH-19 have not 
Development and testing of a number of the shim rod 

The 

Controlled temperature 

The samples will be discharged 

Reactor loading of IP-22A, the x)O C and 300 C controlled temperature 
irradiation experiment, will be made in about one month. 

Meutron Flux Measurements in Water-cooled Test Holes. Results of foil 
activations during irradiations in the Snout I1 facility in KW Reactor 
indicate that conversion factors used to obtain neutron flux from ex- 
posures in MWD/AT require significant modification for irradiations in 
cooled test holes. 
flux and aluminum-cobalt alloy for the thermal and epithermal flux are 
presented in the following table: 

Data from the activation of nickel foils for the fast 

Total Fast Flux Thermal and Total Cobalt - 
Cadmium 

MWD/AT nvt per (MWD/AT) nvt per (MWD/AT) (MWD/AT) Ratio 
Exposure )1 mev Epithermal nvt per 

5 3.0 x 10l6 1.5 x 1017 1.8 x 1017 M 
10.5 2.8 x 1016 1.8 x 1017 2.1 x lol? 19 
27.7 2.7 x 10l6 1.7 1017 2.0 x 1017 21 

These results may be compared with the conversion factor 6.5 x 1017 nvt 
(total) per MWD/AT which is currently used for cooled test hole irradia- 
tions. Since the foils in the Snout I1 facility were surrounded by a 
1-1/2 inch layer of water, it is believed that the greater moderating power 
of water compared with carbon is partly responsible for the disparity 
between the fluxes obtained here and the conversion factor used for the 
cooled test holes. 
version factor now used for irradiations in cooled test holes will be re- 
examined and, if necessary, appropriately modified. 

As a result of these measurements, however, the con- 

Radiation Copolymerization. 
resistance to heat aging but are generally limited to service where 
radiation doses are less than 1 x 108 r. 

Silicone elastomers are noted for their 

In an attempt to produce a 
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more radiation-resistant, high-temperature elastomer, attempts are being 
made to copolymerize silicones and styrene by means of radiation. 
copolymers have been cured by a radiation dose of 2.2 x 107 r, one from 
a dimethyl silicone fluid and styrene monomer and the other from a methyl 
vinyl silicone gum and styrene monomer. The resulting rubber materials 
from these tvo systems are being checked for resistance to radiation and 
heat aging. The first tests indicate that both materials are superior in 
radiation resistance to their silicone counterparts and possess good heat 
aging resistance. 

Two 

Thermal Hydraulics Studies 

Reactor Flow Hazard Studies. 
performed to determine the validity of the present outlet water tempera- 
ture limits at K Reactor for conditions of low front header pressures. 
Twenty-four transient runs were made at a front header pressure of 240 
psig where a flow reduction was induced by a simulated plugging upstream 
of the Panellit pressure tap. 

Laboratory heat transfer experiments were 

A partial analysis of the experimental data shows that critical flow takes 
place in the discharge fittings and a high degree of pressurization takes 
glace. 
equal to the front header pressure. 
cidents upstream of the Panellit tap which did not result in the Panellit 
pressure dropping below the low Panellit trip pressure would go through a 
high Panellit trip in time to prevent excessive slug temperatures. 

These results are not different from those found for the case of normal 
front header pressures of about 350 psig except in two respects. 
the lower front header pressure the progress of the transient to boiling 
burnout conditions was faster. 
reached, the rod surface temperature rose at a much faster rate, as much 
as 150 C per second. The experimental program encampassed conditions as 
extreme as a plug to about two gpm to a tube operating at 1250 kw and an 
outlet water temperature of 125 C. 

nearly all the runs terminated with a Panellit pressure nearly 
Under these conditions plugging in- 

With 

Once boiling burnout conditions were 

Fifteen runs were made to determine the adequacy of the protection the 
Panellit system offers to flow reductions caused by plugging incidents 
to a tube operating with a missing rear pigtail. This information is 
desirable because the immediate consequences of the rupture and loss of 
a rear pigtail are not drastic, and it might be desirable to continue 
operation of the reactor until a shutdown would be convenient. Continued 
operation of the reactor requires that the Panellit system continue to 
offer protection against plugging incidents. 

A partial analysis of the experimental data shows that the behavior of 
a tube without a rear pigtail is not significantly different from the 
normal case, and the Panellit protection procedures would still apply. 
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Experiments were also performed to determine the possibility of damage 
to a reactor if a front hydraulic connector should fail. Such an incident 
would result in a scram within two or three seconds. 
generation does not immediately drop to zero but rather decays in a manner 
dictated by the poison strength of the VSR's and by fission product decay 
heat generation. While this post-scram heating is small, the only coolant 
available to a tube without a front connector is hot water pushed backward 
through the tube from the rear header. 
this flow is small and may be inadequate to prevent melting of slug jackets. 

However, the heat 

At the low rear header pressures 

Eleven experimental runs were made, directed toward determining the rear 
header pressure necessary to cause sufficient flow to prevent excessive 
slug temperatures. An arbitrary,upper limit of rod surface temperature 
of 450 C was set to prevent damage to the eqerimental test section, and 
the runs were terminated if the rod scrface teqera+,ures exceeded this value. 
The experimental data indicated that a rear header pressure of about 35 psig 
was necessary to prevent 5he rod surface tem2erat'ies from exceeding the 
450 C limit if the tube were initially operating at 1000 kw. For an initial 
tube power of 750 kw, a rear header pressure of about 25 psig was necessary. 
These conclusions are tenta+,ive and the pressures required are possibly 
higher than would be required for a reactor. 
to be high for the following reasons: 

These pressures are thought 

1. The test section heater rods were made to generate all of the 
heat going into the tube. 
the heat would be generated in the graphite. In the experi- 
mental case, therefore, the experimental heat flux vas up to 
25 percent too high and, consequently, the rod to coolant 
temperature difference would be 25 percent too Sigh. Fur- 
thermore, with the high slug temperatures reached, in a reactor 
a large share of the 20 percent of the heat generated in the 
graphite would be dissipated into other tubes which are at 
a lower temperature than the affected one. 

Ia a reactor up to X) percent of 

2. Coolant flows in the order of one to two gi?m were established. 
This should be sufficient to effect, adequate cooling. There . 
is some evidence, however, that this small flow did not fill 
the tube, but instead ran along the 3otton of the tube be- 
tween the ribs. 
coolant flow and the top of the rod would get, hot. 
there is evidence that, in spite of the fac), that three equally 
spaced hold down pins were used, the rod bowed upwards between 
the pins thus aggravating the stratification effects. 

Tlis left at least part of the rod above the 
Furthermore, 

3. The arbitrary upper limit of 450 C rod surface temperature is 
about 230 C below the melting point of aluminum. 

The experimental series was terminated by the destr-xtion of the electrical 
insulating varnish used on the inside of the process tube due to high tem- 
peratures, in spite of the 450 C rod surface temperature limit. 
sulted in an electrical short and the melting of a hole in the orocess tube. 

This re- 

i2521bl 
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Hydraulic Studies. Service work in the Hydraulics Laboratory included 
the following: calibration of three flow venturis for D Reactor, flow 
tests to determine the relative channel flow ratios for a tube and tube 
-1 assembly planned for hER irradiation, and preliminary runs to de- 
termine critical flow and temperature monitoring effectiveness of a slip 
joint Y fitting and pigtail assembly for the BDF-type reactors. 

Project CG-661. The project to install additional heat generating cap- 
acity in the 189-D Heat Transfer Laboratory by the use of large silicon 
rectifier units was approximately 55 percent complete. 
ment including rectifiers, transformers, saturable reactor, and switch 
gear have been moved into the 185-D Building. 
between the various pieces of equipment was started. 

Critical and Two-Phase Flow Studies. 
obtained for the flow of two-phase mixtures of steam-water under conditions 
of critical flow. 
inch diameter pipe was extrapolated to predict critical flow values for 
saturated water. The results indicated actual flow rates about sixteen 
times greater than would be predicted from theoretical considerations. 

WR Heat Transfer Experiments. Experiments were run to determine heat 
transfer characteristics of seven-rod cluster fuel elements without 
special provisions for mixing of the coolant between the individual rods. 
The electrically heated test section consisted of seven 0,625 inch 0.d. rods 
with a 0.045 inch spacing in a 2.067 inch i.d., by 45-inch long process 
tube. Results of experiments at 100 and 150 kw/ft indicated excessive 
temperatures along the center rod. It was concluded that seven-rod cluster 
fuel elements with such close spacing are not feasible without special pro- 
visions for flow mixing. 

All heavy equip- 

Electrical intertie work 

Additional experimental data were 

Data obtained for low quality mixtures through a 0.622 

Design was finished on a test section more prototypical of the actual NPR 
fuel elements. 
2.700 inch process tube. This 45-inch long test section will be run with 
and without special provisions for flow mixing. 

A design of a X)-foot long electrically heated seven-rod cluster fuel 
element was completed. 
and temperatures will have a heat generation approximating the downstream 
part of a fuel charge. 

This test section consisted of 0.704 inch 0.d. rods in a 

This section which is to be run at NPR pressures 

Mechanical Equipment Development 

0rP;ani.c Cooling System Components. 
hours during the month at temperatures between 300 and 350 C, using the 
terphenyl-MIPB eutectic mixture as a coolant. 
chempump revealed no damage to the bearings after approximately 4000 hours 
of organic coolant operation. Three mechanical seals were installed on 
the facility with Hycar rubber gaskets as a shaft seal instead of the 
previously used teflon gaskets. 

The MOTS-1 Facility operated for a6 

Inspection of the facility's 
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Reactor Technology Development 

B. 

Attenuation Measurements. The second set of foils from the ferro- 
phosphorus concrete baked at 320 C have been irradiated and are being 
counted. 
obtain a complete gamma traverse through this material. 
from the first test on ferrophosphorus concrete baked at 320 C are 
being analyzed. 

The ionization chambers were moved to various positions to 
The data 

The foils from the final test on ordinary concrete baked at 300 C are 
being counted. 
attenuation properties of ordinary concrete. 

This will complete the program for testing the neutron 

A second test on pure iron is being run, and the data from the first test 
are being analyzed. 
test wells atop the DR Reactor. The test slabs are being fabricated at 
the present time. 

A perforated shield experiment was designed for the 

A preliminary calibration of the E-hole at F Reactor was made in terms 
of absolute flux. 

Cleanup and installation of the experimental assembly for the boron 
steel thermal shield test is being attempted at month end during an 
extended C Reactor shutdown. 

Shielding Instruments. 
been sealed, and an effort is being made to evacuate the chamber to a 
pressure of 10-5 cm before the introduction of the methane. 
these efforts are successful, the chamber, 100-channel analyzer, and all 
associated electronic equipment will be moved to the positive ion accel- 
erator for calibration. A revised version of the setup and calibration 
procedures for the 100-channel analyzer is complete, and the instrument 
is now being utilized 5y Lattice Physics personnel for spectrum analysis 
in the exponential pile. 

The ion chambers for shielding studies completed additional testing at 
high gamma dose rates and high neutron flues. Performance was satis- 
factory, and this testing program is complete. 

Leaks in the neutron spectrometer chamber have 

As soon as 

WEAPONS - 3000 PROGRAM 

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 Radiation Laboratory (Project 
Whitney). 
tribution lists appropiate to weapons development work. 

Details of these activities are reported separately via dis- 
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C. REACTOR DEVELOPMENT - 4000 PROGRAM 

1. PL'nONIlM RECYCLE PROGRAM 

Plutonium Fuels Development 

Basic Studies.. 
Pu% and U02 Ldve a higher sinterlng rate than U02 alone. 
results to the contrary were obtained on addition of 1/4, 1/2, 1, 2, 
5, and 10 w/o Pu02 to PWR grade U02. 
tions were heated for one hour in hydrogen at 100 C intervals from 
1000 to l6QO C. 
a function of composition, and marked density decreases were observed 
with as little as 0.25$ PuOg additions. Plots of density versus com- 
position were parabolic up to one percent pU02 and nearly linear from 
one to 10 percent Pu02 with slope increasing slightly with temperature. 
It was found that densification occurs very rapidly in the interval 
l2OO-l3OO C. 
resulted in densities of 67.5 and 81.5 percent of theoretical, respec- 
tively, with a density of 92.3 percent when sintered at 1600 C for one 
hour. 

It has. been reported previously that mixed crystals of 
However, 

Pellets of the above concentra- 

The data indicate that sintered density is definitely 

Pellets of U02 held for one hour at the above temperatures 

In an effort to prepare plutonium carbide, pU02, and graphite in the 
correct stoichiometric proportions were heated to 1100 C in vacuo. 
A diffraction pattern showed evidence of partial reduction of Pu02 
and the formation of several other phases. 
presence of Pu02, Pu2C3, HCP Pu2O3, and PuO or PIX. 
of the latter two are so close that it is difficult to determine which 
phase is responsible for the reflection. There was no evidence of BCC 
Pu2O3. 

Physical mixtures of U02 - 70, 80, and 90 w/o PuOg were fired at 1600 C 
for eight hours to provide the final data on solubility in the system 
U02-Pu02. 
yielded lattice parameters which grove the formation of a single.phase 
during high temperature sintering. 
the ideal curve may exist at higher Pu02 concentrations. 

Fabrication Studies. 
to densities ranging from 80 to 90 percent of theoretical. 
these types impregnated in the Pu02 will be irradiated when physics cal- 
culat ions become available. 

The pattern indicated the 
The cell constants 

Over the entire range of compositions, x-ray diffraction 

A slight negative deviation from 

Compacts of Al2O3, NO, and ZrO2 have been sintered 
Mstrices of 

An additional sixty Al-Pu billets 2-1/2" diameter and 9-1/2" long ad 
weighing approximately 2000 gs were cast during the month. 
contained various concentrations of plutonium as required for: PRTR 
spike elements, critical mass elements, and PCTR elements for Physics 
Research and a variety of alloys for corrosion tests. 
analyses have been held within five percent of the nominal desired 
composition. 

These billets 

Melt and billet 

l2521b4 UNCLASSIFIED 



UNCLASSIFIED A- 25 HW-59717 

Billets of the following compositions were cast in order to obtain 
fabrication and corrosion data on Al-Pu alloys of modified matrix 
composition. 

Aluminum Base Nominal Composition 
Alloy Number 9 Pu Other Alloy Additions 

1. 
2. 

3. 
4. 
5. 
6. 
79 
8. 
9. 

AlS i 
1245 
1245. 
1245 
8001 
8001 
8001 
8001 
8001 

11 w/o si 
5 w/o Si 
1 w/o si 
3 w/o Zr 
0.1 w/o Ti, 1.4 w/o Ni 
0.1 w/o Ti 

2 w/o Ni 
1 W/O si 

The extrusion of nominal 1/2 inch diameter AL-Pu rods is continuing. 
Twenty-seven 
trusions were produced. 
were: 
and extrusion speed of 20 inches per minute. 
from 220 tons for the five w/o Pu alloy to 140 tons for the 0.5 w/o Pu 

5 w/o PU, four 1.3 w/o Pu, and twelve 0.5 w/o Pu ex- 
Extrusion conditions for all compositions 

500 C billet and container temperature, 350 C die temperature, 
Extrusion forces ranged 

alloy. 

The rod-straightener hood has been sealed for operation with plutonium, 
and &-AI. extrusions have been satisfactorily straightened. 

Five nminal 1.0 inch diameter coextrusions containing six w/o U in A1 
and clad in 25 aluminum with integral end caps wers made at a 6.7 to 1 
reduction in area. The ideal billet end configuration appears to be a 
30' taper blended into a 0.890 inch radius. 

Destructive tests show that good bonding exists between the core and 
cladding after extrusion. 
been accomplished by caustic etchiag. 

Decontamination of cladding surfaces has 

Twelve full PRTR length aluminum rods clad witn Zircaloy tubing have 
been tested to investigate assembly, wrapping, autoclaving, and warpage 
problems. The tubing on some were sized onto the cores Sy swaging or 
drawing. On others, the rods were inserted into as-received tubes and 
some were fabricated by inserting rods into tubes which had been pre- 
sized on the rod straightener. 
were as follows: 

The conclusions of this first experiment 

1. It is not practical to insert fuel rods into as-received 
or presized tubing and maintain the required maximum 
diametral clearance of 0.0035-0.004 inch. 

2. The most practical method of assembly is to insert under- 
sized rods into a tube and control the dimetral gap by 
sizing the tube onto the rod. 

1252ib5 UNCUSSIFIED 
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3. Swaging is the most satisfactory method of sizing. 
the non-uniform wall thickness of the tubing, drawing 
causes the elements to bow. 

Due to 

4. There is no apparent correlation between the amount of, or 
the manner in which the end clearance between the rod and 
end cap is distributed and the behavior of the elements in 
the autoclave. 

Satisfactory quality welded end closures on eight-foot 
elements can be made using the head weld design. 

Elements can be satisfactorily etched, cleaned, wire wrapped, 
and autoclaved in that order. 

5. 

6. 

7. The spot fusion weld for attaching the wires does not need 
to 5e cleaned prior to autoclaving. 

8. Some of the elements warped due to autoclaving; however, 
there was no apparent correlation between warpage and 
fabrication method. It is suspected that warpage is csused 
by an interaction.between the aluminum rod and the Zircaloy 
tube. More work is scheduled to evaluate this problem. 

Another group of ten elements were fabricated and tested, These were 
fabricated by inserting undersized aluminum rods into Zircaloy tubes, 
welding end caps in place and sizing the tube onto the rods by swsging. 
No end clearance was allowed between the rods and caps before swaging 
because the tubes were expected to lengthen more than the rods, thus 
leaving the desired end clearance after swaging. Too great a reduction 
was made during swaging, however, and the rods were worked to such an 
extent that there was no end clearance and very little diametral clear- 
ance. Again, it was demonstratsd that the elements could be successfully 
wrapped after etching and before autoclaving. Two of the elements failed 
during the autoclave test and their failure was attributed to the fact 
that there was no end clearance. Bonding was observed between the end of 
the aluminum rod and the end cap after exposure to 400 C for 72 hours. 
Four of the remaining elements were straight and had tight wires after 
autoclaving whereas the other four were warped and had loose wires. It 
is' felt that the results of this test are inconclusive because there was 
no room allowed for the grester volume increase of the aluminum rods 
during heating in the autoclave. 

An additional group of ten elements is now being processed in which end 
clearance was allowed before swaging and in srhich smaller reductions 
will be made during swaging in an effort to control the diametrzl gap 
while not working the aluminum core. 

A group of 108 Zircaloy-2 tubes for Msrk I clusters for the first PRTR 
charge was examined by Radiographic Testing Operation with the following 
conclusions : 

UNCLDISSIFXD 
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1. 

2. 

3- 

4. 

5. 

No tubes were rejected for Eddy Current Test indications. 

The dye penetrant test detected surface imperfections, 
tears, laps, pits on 22 tubes. 

Wall thickness measurements rejected 12 tubes for 
being below the specified minimum. 

One definite conclusion was reached that the tubing i.d. 

is not uniform. 
was found along the tube length. 

Often a change of 0.000 to 0.007 inch 

Radiographs of tubes initially rejected by Eddy Current 
or dye penetrant tests showed that the questionable areas 
did not represent a serious condition. 

A honing machine to hone the inside diameter of eight-foot Zircaloy 
tubing has been developed. 
ations of i.d.’s in the tubing received for PRTR fuel elements. Results 
have shown that a 0.0005 inch tolerance on the i.d. over the full length 
can be held. 

This tool was fabricated to correct vari- 

A furnace was built to vacuum extract hydrogen from 83 inches long x 
9/16 inch diameter Zircaloy tubing. 
for an insulating liner which is scheduled to arrive April 30. 

The furnace is complete except 

UO, Fuel Development 

Fuel Fabrication. 
fuel element hanger fittings in which the entire rod attachment and 

Preliminary designs have been completed for PRTR 

spacing section is spark discharge machined from one piece of Zircaloy 
by the Elox method. 
jet engine parts, can eliminate much tize-consuming inert gas welding 
such as is used in the present hanger fitting assembly. 

This method of machining, already being used on 

High speed motion pictures taken during swaging operations ‘have demon- 
strated the die action of both stationary and rotary spindle machines. 
These pictures have served to illustrate the importance of some type of 
slip mechanism during feeding of the swage machine to prevent torsional 
forces from occurring while the dies are closed against the work piece. 
Accordingly, a swage feeding mechanism employing rubber rolls instead 
of the check-type mechanism usually found in commercially avaikble 
equipment has been developed. This device allows the proper slippage 
and has more than halved the time previously required to swage a fuel 
rod, in. addition to improving the quality (straightness and cladding 
integrity) of the swaged rods. 
skewed rolls, this device can continuously feed fuel rods completely 
through the swage machine without interruption. 

. 

Through the use of two pairs of opposed 

12521bl UNCLASSPIED 
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The first lot of Zircaloy tubing for fabricating PRTR fuel elements has 
far better physical properties than any previously received material 
from Wolverine.. 
swaging even empty tubing under conditions which frequently caused 
cracking of a previous lot of Wolverine tubes. 

Large reductions in cross section can be obtained by 

A new method of producing end closures is being investigated. It is a 
resistance welding process using a "Magnetic Head" welding machine de- 

veloped by Precision Welder and Flexopress Company in Cincinnati, Ohio. 
The machine provides excellent control of the three variables, time, 
current, and joint resistance during the welding cycle. Complete large 
area welds can be performed in a fraction of a second. 
short time minimizes the absorption of gas impurities in Zircaloy. 

This extremely 

A contract request has been initiated for the research division of 
Sciaky Bros., IIIC., to perform resistance welding investigation on three 
separate applications. These applications pertain to: . 

1. Hanger fittings for 19-rod cluster elements, 
2. 

3. 

Sean welding end closure on the Mark I1 C tubular fuel 
elements, and 
Attaching ribs to tubing to provide the proper tube 
spacing on tubular fuel elements. 

The twenty-rod fixture has been installed in the vacuum welding box. 
This fixture holds twenty fuel rods and allows each rod to be indexed 
into the welding position. The welding box is also equipped with two 
welding torches. Current for each torch is supplied by a separate 
machine. One torch is used to make circumferential weld, and the second 
torch 'is used to seal up the out-gas hole. 

The first 19-rod cluster fuel element for PRTR irradiation was assembled 
this month, and enough additional rods have been processed for assembly 
of.two more fuel elements. Other rods are being processed through the 
various steps of swaging, welding, testing, and autoclaving. Very few 
rods were swaged during the month because of mechanical problems in 
powder preparation. The density of the sintered powder was low, and 
this led to a low swaged density. 
preparation equipment so the sintered powder is acceptable. 

Improvements have been made to powder 

In order to establish standards for rejection at the Zyglo inspection 
and eddy current test and to obtain more information about causes of 
rejects, sever9 rods have been sectioned. 
the defects are being investigated by metallographic means. 
comparator is being studied to see if it can be used for surface investi- 
gation as well as an inspection tool for non-destruction testing. 

The depth and character of 
An optical 

Vibratory compaction of high density U02 grains into metal tubes is being 
studied as an alternate method of fabrication of fuel elements. Fused 
uranium dioxide powder has been packed to 8% of the theoretical density, 
employing the following particle size composition: 

12521bC 
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&I$ minus 6 plus 10 mesh 
15$ minus 35 plus 65 mesh 
25% minus 200 mesh. 

A one-foot long, brod cluster fuel element cantaining vibratory compacted 
UOg of the above particle size distribution has been fabricated for ir- 
radiation in the MIIR, as test number 6EH-4-38. 
cluster is being fabricated for irradiation in the ETR. 

Powder packed to a high density may also provide an improved starting 
material for fabrication of swaged or isostatically pressed elements. 
After vibratory compaction, Zircaloy-2 tubes (0 750" o e d. ) containing 
powder of the above camposition were swage 
etical density with a 32$ reduction in cross sec3ional area. 

A three-foot long, 7-rod 

compacted to 9C$ of the theor- 

Development .of.the technique to produce Sack extrusions of Zircaloy-2 end 
closures for U02 PRTR fuel elements has been completed. 
requirements have been met, and this can 5e done consistently in a simple 
and economical procedure. It 'has also been shown that these flat bottomed 
cups (end closures) can be back extruded from ingot stock just as well as 
from the much more expensive rod stock. 

All dimensional 

Producing a loo taper and a,2-1/16 inch diameter cylindrical section on 
the end of a PRTR process tube can now be successfully done by warm 
swaging. 
swaging temperature has been increased from 440 F to 600 F. At this 
temperature a reasonable degree of wall thickening occ-us during the 
swaging op-eration and internal tube wall wrIn:kLing is kept to an accep%- 
able minimum. 

A collapsi3le mild steel mandrel Is used, as before, but the 

Fuel Evaluation. 
which received an exposure of approximately 3000 MWD/5! revealed a 5/32" 
diameter, central void in the 0.75" dianeter fuel capsule. 
grains extended from the core to apprcrximately 0.16 inch from the cladding. 

Post-irradiation examinatiop of a swaged 302 capsule 

Large columnar 

Post-irradiation examination of a I" o.d., 12" long, U02 powder fuel 
element ( ''ashcan'') ,, which was irradiated at a maxin;um heat flux greater 
than 1,000,000 BTU/hr/ft/OF, has revealed a gartial collapse of the 
cladding'to form an elliptical *&e, and a hole througk: the cladding 
wall, midway Setween the ends. T3e hole develoFed at the intersection 
of the surface with the long axis of the cladding ellipse. Heat marks 
were formed on this area of the Zr-2 s-uface. This strongly indicates 
a "pinching off" of coolant flow, followed by steam blanketing and a high 
temperature, solid state reaction between V02 and Zirealoy. A central 
core, -1/4" in diam&er, developed through approximately 3/4 of the 
length of the U02 fuel. Radial, columnar grains extend from core to 
cladding. 

. 

Irradiation of a series of six capstlles of swaged U02 continued in the 
and ETR. The maximum exposure is aDproximately 6000 W/T0 
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Two, 18'' long, 7-rod clusters of UOg swaged in 0.030" wall Zircaloy-2 tubes, 
with unbonded spirally wrapped spacer wires, were discharged from a high 
temperature.- loop after an exposure of three and one-half months. Pre- 
liminary visual examination in the reactor basin revealed no indication of 
fretting or other types of corrosion on the external cladding surface. 
Detailed examination will be performed in the Radiometallurgy facility. 

Basic Studies. The purpose of a joint HLO-BMI study is to measure the 
irradiation induced deterioration, if any, of the thermal conductivity of 
U%. A second lot of six irradiated (125 WIT) U02 thermal conductivity 
specimens were shipped to BMI for conductivity meas-wements scheduled to 
begin during the week of April 6-10, 1959. 

A simplified method is being developed for measuring high temperature 
thermal conductivity of ceramics by optical pyrometric methods. 
studies on graphite and U02 produced values falling within 20$ of reported 
and extrapolated values. Further refinemects are Flamed. The method 
promises to be useful in application to irradiated specimens. 

Themechanism of irradiation damage in sintered GO2 is being stadied by 
microscopy studies of fractured surfaces and prechracterized surfaces of 
irradiated U%. 
125 m/T have been discharged, and post-irradiation examination has begun. 

Preliminary 

Specimens irradiated to e-osures ranging from 40 to 

Short sections of swaged or sintered UOg rods clad in various sheath 
materials are being heated by a centrally located tungsten filament to 
partially simulate in-reactor phenomena. The extent of crystal growth and 
other physical changes is being viewed microscopically and recorded photo- 
graphically for later stdy. Radial, columnar grain growtfi often observed 
in irradiated U02 has been reproduced ex-reactor. 

Etching and Autoclaving Zircaloy Components 

Heat of Reaction of Zircaloy-2 in HNOq-HF Etch Solution. 
during the etching of Zircaloy-2 has been measured as 2630 cal/g.of 

The heat evolved 

Zircaloy-2 dissolved, based on teaperatwe-rise measuremen+,s in a cali- 
brated Dewar flask. 
(.sq in.)(mil etche.d) . 
may rot be better tkan f 20 prezt., it shculd be adeqzate for engineering 
purposes in designing and operating Zircaloy etching equipment. 

Converted to English Tunits, the valQe is 1.1 3tu/ 
Althongh the absolute accuracy of the meassenen+, 

Precipitate in iINO?-HT Etch Eath. 
twice been observed in the bottom of a horizon+,al bank after sbout two 

A white crystalline material which has 

weeks use for etching Zircaloy parts appears, by laboratary analysis, to 

be impure H2ZrOF4-2H20. Since this compound is obviously insoluble in the 
etch solution, it may be related to the "acid staining'' produced on 
Zircaloy-2 on which etch solution has dried. 

I252 I70 '-!!CUSS IFrn 
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PRTR Tubes - Depth of Etch Necessarj. 
Zircaloy process tube was cut into 1/2" thick sections. 
were pickled to depths of 0, 0.5, 1.0, 1.5, 2.0, 3.0 mils off of the 
tube wall thickness. The results showed it was necessary to etch at 
least1.5 mils in order to achieve a black oxide film on both the inside 
and outside of the tube. 

A sample from each end of a PRTR 
These sections 

PRZ% Process Tubes Autoclaving. 
month to Facilities Engineering in establishing the scope and initiating 
the design of a 20-foot long autoclave. Optimum size was established to 
be 16" diameter, which allows six PRTR process tubes to be autoclaved at 
once. 
steam for 72 hours. The present schedule requires that the autoclave 5e 
ready to operate May 18, 1959, in order that appoximately 85 acc-p table 
autoclaved tubes can be delivered to the construction contractor kj 

Assistance has been given during the 

Operating conditions are specified as 400 C, 100 psi superheated 

A~st 15, 1959- 

PRTR Component Testinq 

A test section incorporating all of the final seal designs for the PRTR 
process tubes was thermally cycled 850 times between 300 and 525 F at 
1530 psi in test loop Elmo-7. 
gasketed nozzle-to-tube connection after about 300 cycles. 
was replaced after 370 cycles and has remained leak free. 
noted on any of the other connections. 

A pressure drop of 9.9 psi at 123 gpa was measured at room teniperature for 
the Plutonium Metallurgy Mark I-C 19-rod cluster fuel element. 
element has been placed in the Elmo-7 test loop to continue determination 
of stability and integrity after thermal cyzlicg. 

Leakage was noted on the Flexitallic 
The gasket 

No leakage was 

This 

Structural Materials Development 

Fabrication of Zircaloy-2 PRTR Process 3bes. 
PRTR process tubes have been inspecteu and accepted at the Tube Reducing 

T;?e first twenty Zircaloy-2 

Corporation and will be shipped t.0 %nfcrd during April. The over-all . 

progress made by the Tube Reducing Coqoration, and subcontractors, CII <he 
100 PRTR Zircaloy-2 process tube order is good. All extrusions expected 
to be processed have been given the first tu5e redaction, 
vacuum annealing of tubes is nearly coqlete and is expected to 3e fin- 
ished by the first of April. The tagering of 40 of the last 82 tiibes has 

started. Weld porosity has necessitated the reflanging of three of the 
first seven completed tubes. Work is being conducted to determine the 
seriousness of these defects, and experiments are being conducted to de- 
velop a welding technique which will avoid this. 

Subsequent 

Hunter Douglas Aluminum Company has completed the first cold extrusions 
under their contract tc produce five Zircaloy-2 PRTR process txbes. The 
test extrusions which were approximately three and five feet long, ex- 
hibited poor s-urface quality. Die pickup had galled the inside dimeter 
surface, and there were distinct areas of rough surfaces on both the 
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inside and outside of the tube. The container out of which the Zircaloy 
was extruded was found to vary in cross sectional area and probably con- 
tributed to causing the surface defects. 
proving surface quality will be made before attempting to extrude the 
full length PRTR tube. 

More test extrusions for im- 

Fabrication of Aluminum Alloy PRTR Process Tubes. 
contract to fabricate 10 PEtTR process tubes of C-94 aluminum alloy of 
T-6 temper. Tubes with a nine-inch long taper have been successfully 
fabricated, and the threaded ring flanges are now being attached. 
livery of tubes is expected during April. 

Alcoa is under a DDR 

De- 

PRm Jacket Tubes.. The principal problem remaining to be solved in the 
production of ribbed -1 jacket tubing for the PRTR is that of sizing and 
forming the tube to its final specified configuration. Thus far the weld- 
ing on of ribs or the extrusion of a ribbed tube has left the piece out of 
round or bowed or otherwise slightly distorted. 
condition have not as yet been entirely successful. 

Efforts to correct this 

A relatively new method, explosive forming, is proposed as a possible 
means of correction. In this method the tube would be placed in a mold 
of the proper configuration,-submerged in water, and a carefully designed 
explosive charge detonated within it to expand it against the mold wall. 
This process has been successful with conventional alloys in forming 
parts to very close tolerances. On the basis of scouting tests performed 
by Aerojet General Corporation during the month it is tentatively con- 
cluded that the explosive forming characteristics of Zircaloy may be 
favorable for performing corrective sizing operations on PRTR jacket 
tubing by this process. 

RadiometallurRy Laboratory Studies 

Examination was begun on a four-rod Zr-2 clad, Al-Pu alloy fuel element 
cluster which was irradiated (.1~-186-~) to approximately 2000 MKD/T. A 

fractographic sample was- finally obtained, at dry ice temperatures, from 
a wafer of Al-Si-PU alloy which had been irradiated to approximately 
50 a/o burnup, but another similar wafer of Al-Pu alloy has resisted all 
efforts to obtain a fractographic sample. 
U02, three-rod cluster (GEH-4-33) and the three-rod cluster PuO2-UO2 
powder fuel element (4-28) were completed, and samples were submitted to 
the Analytical Laboratories for burnup analyses. Metallographic studies, 
replication films, fission gas collection and samples for burnup analyses 
were obtained on a swaged UOg capsule (GEH-3-50), a 12" UOg powder fuel 
element (CEH-4-34), and one of eight samples of UOg capsules (IP-149-D) - 

which are 1/8" in diameter and three inches long. The results and con- 
clusions from this work will be reported in connection with the respective 
development program. 

The examinations of a swaged 

1252'172 mcLAssIl?m 
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Thermal Rydraulics Studies 

Heat Transfer Characteristics of the PRTR Pdel Element. Additional data 
were obtained from heat transfer experiments on a full scale electrictilly 
heated mockup of the Mark I1 element. 
generation rates corresponding to tube powers of 500 ana 700 kw indicated 
satisfactory performance of the element even when the flow was reduced to 
bulk boiling conditions. 
flow channels was experienced. 

Results from experiuents at heat 

No serious variation in the flow split between 

At the start of a run planned for heat generation of 90 kw, the controls 
on the motor generator set malfunctioned anC the test section was subjected 
to a large power surge. Subseqgent investigation revealed that a weak weld 
in the test section failed during the surge. The test section was removed 
for repair. 

Assembly of the parts for ar e1ectri:ally neated mockup of the Mark I 
element was contimerl md is a3out 3C Ferceit eoqlete. Problems en- 
countered with welding between col;per and Isconcl pieces of the test 
sections were solved, and thermocouple installatior was started. 

Water Loss Hazard Calculations for the PRTR. The revised calculations of 
water loss rates following a giping.failure in tne PRTR were completed 
with consideration of ruptures of the top header, top jumper, and bottom 
jumpers. 

The results indicate that following a top header r9pture (area equal to 
pipe cross sectiozl) blow dowr will occw in the heat exchanger leg in nine 
seconds and in the reactor leg in 27.5 seconds. 
down of the reactor leg, it is estimated that steam will flow past the fuel 
elements for an additiooal 18 seconds. 

Following the water blow 

The next case consieeyed was ttiat 3f a coqlete parting of a top jumper 
on a maximum flcw tlke followed by failure to &pressurize tke stem drum 

and failure to depressurize the stem 3.r-m and faiiure of the light water 
backup system. 
30.8 lb/sec from the ring header leg and the process trrbe, respectively. 
The total flow loss rate is 1025 @E after the failwe occurs arnd in- 
creases to a rnaximm of 1285 gpzn at LO seconds after failure. It is es- 

timated that the pnps will vapcr lsc'c 52 serosas after the failure. 
Until this time the flow throug3 the reacbr is nearly normal with the 
exception of the high flow in %e failed tiibe. 
stop circulating the prbary coolant kJlk boiling comences. 
bottoms of the fuel elenests will be eqosed to stem at 124 seconds and 
210 seconds, respectively. 3iow down %-ill be coaglcte at about 255 
seconds following the failure. 

Initial heavy vater loss rates are 95.6 lS/sec and 

Snortljr after the pumps 
The tops and 

The last case considered was that of a bottom jumper break using the same 
assumptions made for the top j-mper break. The results indicate that 
there is little differem.. 3etweec the two breaks as far as biow down 
times 2nd rates are csncerned. For pqoses of corngarison, the following 
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information concerning a bottom jumper break is given: 
rate is ll90 gpm, pumps lock at 58 seconds after the break, top and bottoms 
of the fuel elements became exposed to steam at 137 seconds and 200 seconds, 
respectively, and total. blow down at about 300 seconds after failure. 

initial flow loss 

Air Cooling Exp eriments for PRTR Type Fuel Elements. 
assembled to check the air cooling requirements for the PfiTR fuel elements 
in the fwl examination cell. 
cated that the design of the air ducts would require slight modification 
to provide for proper flow distribution of air over the fuel elements. 

Equipment was 

Results of preliminary experiments indi- 

Mechanical Equipment Development 

Design Test PR-1 - Discharge Operation Mockup. 
mockup was begun and will be completed in April. 

The detailed design of the 
Scoping of special tools 

for use during charging and.discharging of the reactor was started. 

Design Test PR-10 - Primary Loop Mockug. Cold performance tests on the 
four FRTR pumps were completed at the Byron Jackson hp Company plant. 
The average dynamic head at rated flow conditions was 294 feet. 
first one hundred-hour hot test with a full size pump failed due to a lack 
of cooling facilities on the Byron Jackson test loop. 
scheduled for early April following the addition of larger heat exchanger 
capacity. 

Construction of the stainless steel piping portion of Phase I1 of the 
Single Tube Prototype Mock~p (STPM) was complete exce2t for two 10-inch 
welds. 
for two five-inch weld sections. 
reinspected. 

The 

This test was re- 

All other welds have been x-rayed and passed inspection except 
These two sections wili 5e repsired and 

Desim Test PR-15 - Injection Pump Test. A new type packing was installed 
with ‘Type 17-7 PH stainless steel plungers in the second Aldrich pump. 
After 241 hours of operation, the combined leakage from the three plungers 
was approximately 500 milliliters per hour. Visual examination of the 
plungers and the babbitt inserts on the crankshaft showed accepts3le wear. 

Design Test PR-20 - Calandria Characteristics. 
modified during the month to provide a means of pulsating the moderator 
level to determine the effects of vi5ration frequencies. 
space occqied by the mockup, the recirculation pump was relocated. 

The calandria mockup was 

To minimize the 

Design Test PR-24 - Shroud Tube Bellows. 
ceived from the Solar Aircraft Company for testing. 
cessfully passed a 13,000-cycle flexne test at 2 psi and 660 F, and a 
48-hour static pressure test at 15 psi. It was recommended that, these 
bellows be accepted for reactor use. 

New six-inch bellows were re- 
These bellows suc- 

Design Test PR-40 - Shim Control Mockirp. A zajor change was made in the 
design of the shim control assem3ly during the month. 
will contain three half rods instead of the previous two half rods. De- 
sign of the new assembly will be based on the positive drive, lead screw 
concept and will be completed 3y May 1. 

Each shim assembly 

I252 I74 
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Design Test PR-50 - Reactor Piping Seal Testinq. 
Process Tube Assembly "C" was installed on the Elmo-7 loop. 
approximately 350 cycles, a leak appeared in the nozzle-to-process-tube 
joint. 
stalled. 
250 to 500 F at a pressure of 1350 psi without leakage. 
on the design test is being prepared. 

The fully prototype 

This seal was disassembled, and a new spiral wound gasket in- 

After 

The assembly has undergone 2500 additional thermal cycles frm 
The final report 

Design Test PR-51 - Reactor Piping Structural Integrity. 
out1e.t Jumper installation on the thermal heating loop was completed and 
testing begun. 
500 F and flexing the jumper a distance of one-half inch. 
report on the design test is being prepared. 

The shortest 

The test program will consist of heating the jumper to 
The final 

Design Test PR-52 - Process Tube The,malcycling and Pressure Testing. 
Testing of the stainless steel slmulated process tube at PRTR conditions 
started on March 2. 
period of 450 hours during the month. 
evident. 

The tu5e was operated at 1100 psi and 500 F for a 
No excessive signs of leakage were 

Design Test PR-80 - Air CoolinR Duct Test. 
duct was approximately 90 percent complete. 
design are being made to permit better adapting of the air duct mechanism 
to the fuel examination cell manipulator. 

Fabrication of the air cooling 
Minor modifications in the 

3ingl.e Tube Prototype Mockup. 
on March 2, and approximately 450 hours of operation was completed during 
the mwth of March. The operating conditions were: 
1050 psi; main loop temperature - 500 F; and main loop flow - 126 gpm at 
107 psi dynamic head and a pump sped of 2400 rpm. The mockup was thermo- 
cycled seven times during the month from 500 to 200 F. Leakage of the 
primary pump seal during isothermal operation decreased from 20 liters per 
day during the first week of operation to 200 milliliters per day during 
the fourth week of o3eratioa. A total of 450 milliliters of leakage from 
the secondary pump seal was collected during the month's isothermal oper- 
ating period. Oil was observed in this secondary seal leakage during the 
fourth week of operation. 
milliliters per day. 

Inconel "X". 
failed after five hours of Operation. 
the failure was caused by stress corrosion. 

Continuous operation of the mockup was begun 

pump suction pressure - 

The current oil leak rate is approximately 50 

The first Inconel "X" tGbe tested at 1100 F and 4500 psi 
Metallographic examination revealed 

Reactor Technology Development 

PRTR Instrumentation. Preliminary arrangements have been made to test the 
first resistance temperature detectors procured for PRTR. Vendors are now 
conducting performance tests on these 1mits. 
assembled on the full scale mockup of the PRI'R Loop in the 314 Building. 

A test section is being 

I252 I15 
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Informatim is being gathered to indicate the size of a data handling 
system needed for use with the PRTR. 
eighty-five tube power calculator and the necessary fundamental com- 
ponents of a data handling system, as the two are complementary. 

It is intended to propose an 

PIiTR Physics Evaluation. 
analysis of the PRl3 are now available in the issued report, HW-59373, 

Results of a recent three-group vertical 

"The-Effect of Moderator Height on Reactivity and Vertical Flux Dis- 
tribution in PRTR." 

Continued efforts are being made to obtain, and prepare for use, several 
possible reactor codes for the IBM-709 computer. 
version of the SNG reactor code which has been written at Argonne will 
become available shortly. This code, written as a one-dimensional multi- 
group version, will supplant the VALP3OD used on the m-650 computer. 
Sn method is sufficiently acclurate that its results may be used to check 
the untried REU (Reactor Surnup) code which is expected to be ready for 
use within a few months. Also, a two dimensional, multigroq diifusion 
theory reactor code, CURE, is Seing investigated for availability and use- 
fulness. 

A FORTRAN language 

The 

Whole-reactor effects of xenon on reactivity have been obtained from a 
twelve-region simulation performed on the "GEDA" analog ccmputer . 
Equilibrium xenon concentration was found to have a poisoning effect of 
about 40 mk for 70 megawatt ogeration, and an additional 45 mk allowance 
is needed to over-ride the buildup of xenon to two hours after shutdown. 
Other results are available, such as: 

1. Reactivity allowance for equilibrium xenon concentration 
as a function of power level. 

2. Allowances for over-ride after snutdown from any power level. 
3. Allowances following startups after shutdown from any power 

level. 

A study to evaluate the effect of in-reactor test loops on the Plutonium 
Recycle Program is aearly completed. 
PRTR, program sched'aes, physics data and analysis, and reactor ooeratior. 
are considered in detail. 
be issued early in Apritl. 

The effects on reactivity of %he 

A document (a-59691) describing this work will 

Neutron streaming through the large penetrations of the 'ccttom primary 
shield vas re-estimated on the basis of recent core flue calculations 
for Pu spike loadings. 

Containment Study. 
cation has been czgsed by the necessity to repeat the dosage calculations 
for single tube fission product release and the esta3lislment af misiinal 
emergency system cooling cacacities. 
the Battelle Memorial Institute coolant loss accident study. *The radiation 
dosage calculations indica+,e thyroid doses about 1000 times greater than 
those initially estimated and &re therefore being rechecked. 

Some delay in preparing the final draft for gubli- 

The latter can Ye determined from 

I252 I -ib 
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Process Specifications. 
Specifications has continued with emphasis on instrument settings necessary 
to prevent serious nuclear accidents. Further analogue studies are planned 
to simulate the reactor behavior with varying reactor loading, rate of re- 
activity addition, temperature coefficients, and rate of reactor heat re- 
moval. 

Evaluation of limits to be established by Process 

Hazards Survey - PRTR Gas-Cooled LOOR. A hazards survey of the preliminary 
scope design of the PRTR Gas-Cooled Loop has been made. This loop in the . 

PRTR should have no adverse effect on the nuclear safety of the reactor. 
hsertion of the gas loop test section in the reactor core will have a 
slight effect on the reactivity of the core - 5 mk. 
ity will be compensated for by charging,one additional spike enrichment fuel 
element. 
They are: 

This negative reactiv- 

Adequate safety features have been incorporated in the design. 

1. 
2. Electric power backup 
3. Ehergency water coolant injection 
4. Reactor safety circuit trips. 

Calandria shroud tube cooling loop 

In the event of an accident in the gas loop, no injury or crop damage 
should occur as a result of fission product release to the environs. 

Design Development 

Phase. I PRTFl Construction Status. 
1 imately scheduled. Erection of the containment 
vessel ,is completed except for the top "dollar" plate. 
has been encountered with buckling of the dome, probably due to excessive 
amount of welding and repair of the vertical seams. 

The Phase I PRTR contractor is approx- 

Some difficulty 

The contractor's pressure test procedure for the containment vessel has 
been reviewed. It appears that the contractor will run the three-pound 
soap test beginning April 17, with the pressure test and final leak rate. 
test about the first of May. It is anticipated 'that essentially all 
concrete will have been placed inside the containment vessel prior to the 
leak rate test. 

Phase I1 PRTR Construction Status. 
completed versus a scheduled 90%~. 
the middle of April. 

The Phase I1 PRTR contractor is 84% 
Acceptance testing will begin around 

Phase 11-A PRTR Construction Status. The Phase 11-A contractor is estimated 
to be 58$ completed versus 58$ scheduled. 

Phase I11 PRTR Construction Status. The contractor is submitting detailed 
information on equipment for our approval. 

1252117 
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Design Analysis. 
transfer transient cases was reprogrammed for the IBM-709. 
calculation time was reduced by a factor of several hundred. 
of the prom is apparently canplete. Preliminary results indicate that 
the time constant of the heat transfer lag is not as short as the IBM-650 
calculations had indicated. Actually, a second or third order lag exists 
rather than the first order lag assumed as a first approximation. 
rate of change is initially much steeper than would be predicted 5y a 
first order lag. Since the IBM-650 calculations covered only about a 
3.5-second interval, assuming a simple exponential relationship with a 
first order lag led to too short a time constant. 
relationship between heat generation and heat passing the fuel element 
boundary can be represented as the sum of a series of eqonentials in 
which the leading $em dominates after the first two seconds. The "time 
constant" varies from two seconds at the beginning to a fairly cons%an% 
value of nine seconds thereafter. 

The IBM-650 program for evaluating fuel element heat 
Machine 

Debugging 

The 

The actual transient 

The ccrmputer program presently available at EAPO, for calculating piping 
stresses, was found to be inapplicable to certain pofiions of the PRTR 
prlmary cooling system. Arrangements are being made to contact a con- 
sultant in the stress analysis field in order t3 have the suitability of 
the prbary system layout checked independently. 

Recalculation of the requirements for internal steam relief after PRTR 
scram show an increase in the nominal "escape time". 
sub-merged in the transfer pit allow condensation of steam for 4-1/2 
hours before the water will boil. The increased times are the result of: 

Sparger nozzles 

1. 
2. 

The new shutdown power ctwe. 
Including the time required to bririg 'HX-1 and its contents 
from 425 to 450 psia (safety valve setting is 435 psig). 

Reactor and Process Piring. Additional stem venting will be Frovidcd 
for the steam generator in the region of the shell skirt by removing 
the top four rows of tubes from the tube bundle and adding three-steam 
vent pipes between the top of the skirt ar.d the stem space in the shell. 

Heavy water volume-reduction pieces in the high-sresswe closLtre were 
redesigned to eliminate hollow-box construction az? p-ovide improved 
flow distribution in the inlet and exit channel's. 

The first seven process tubes ccmpleted by Tube Redueiag Corporation 
were inspected. Of these, four were accepted and three rejected for 
weld porosity on the flange. 
remaining, but production of the required number of tu5es from the 
existing extrusions will require an increase in yield of acceptable 
tubes.. Straightness of the tubes is vel1 within specification. Ppr- 
mission was given to the fabricator to repair two defective sections 
of 10-inch pipe for use in the ring headers. 

'There are no major fabrication oroklems 
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Fuel Handler. Authorization was given to Willarnette Iron and Steel 
Corporation to proceed with design modifications to the fuel handler and 
with an engineering review of the des- to find any remaining errors or 
omissions. Fabrication work has not begun. 

Instrumentation and Control. The automatic controller is about 6% com- 
pleted versus 659 scheduled. The delivery date on the autamatic controller 
may be affected by a strike at Minneapolis-Honeywell's Philadelphia plant, . 

currently in its third week. 

The fuel element rupture detection system design criteria was revised and 
will be distributed for comment the first week in April. 

The adoption of a split moderator inlet flow and the piping changes re- 
sulting therefrom caused minor changes to the power calculator system, 
including relocation of the moderator bulk flow orifice and the addition 
of a manually operated valve (remote) and flow indicating instruments for 
the added moderator inlet flow path. 

To provide an adequate ''power level" signal from the power calculator to 
the automatic controller, it has been necessary to add a servo system to 
the power calculator. The servo unit receives its input signal directly 
from the "total. power'' signal circuit in the calculator and incorporates 
a retransmitting slidewire which furnishes a signal to the transformer. 

Fuel Element Examination Facilit~. 
Company to design, construct, and test the Primary Manipulator was accepted. 

The bid of the W. F. and John Barnes 

The bid price was abo\rt $100,000. The specifications for the procurement 
of the cast iron and steel shieldicg were completed and approved. An addi- 
tional specification, covering the procurement, installation, and testing 
of the ventilation ad services, and the installation of the cast iron and 
steel shielding, was also ayproved. 

An operating mockup of the prototype warp measuring components of the . 

combined profilometer and gX viewer was successfully tested. The feas- . 
ibility of attaching a print-out mechanism for recording the data was 
demonstrated. Such a mechanism could %e added to the equipment to be in- 
stalled in the PRTR. 

k "Report of Invention" describing a duct design to be used in the Fuel 
Element Examination Facility to permit the controlled outlet of air from 
a duct at any desired poiot along its length, was submitted for evaluation. 

High Pressure Loop and Critical Reactivity Measuring Facility. 
liminary project proposals on the High Pressure Loop and the Critical 
Reactivity Measuring Facility have been forwarded to the AEC for approval. 

The pre- 

Rupture Testing Loop Project Proposal. 
project proposal to request funds for sccging and preliminary design of 

Preparation of a preliminary 

a rupture testing loop to be installed in the PRTR was started. 
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Plutonium Fabrication Pilot Plant 

Phase I1 Construction. Completion of work under the Phase I1 contract is 
estimated at 89$, compared to 9% scheduled. Little progress has been 
made in producing a satisfactory decontamlnable coating in the process 
portion of the building. 

Phase Construction. The Phase contractor claims 6$ completion 
under their contract. The contractor's schedule has been submitted but 
not yet approved. The swage and hood, the billet lathe and hood, the 
30 kw vacuum furnace and hood, and the canning hood have been moved into 
the building and set in place. 

Procurement. All GE-AEC procured material required for the Phase XI1 
contract is on schedule at present. 

2. BASIC SWEUING STUDIEE PROGRAM 

Irradiation Proaam 

Electrical heaters for the swelling capsule have been fabricated in the 
laboratory since heaters and thermocouples from the off-site vendor have 
not been delivered. Tests on these heaters indicated that their power 
rating was too low for the ultimate requirements of the capsule. Xew 
heaters have been designed and fabricated and are now ready for testing. 
The temperature controllers have been delivered and will be tested'in 
conJunction with the heaters for the controlled temperature irradiations. 

Capsules are being designed for irradiation of unrestrained uranium spec- 
imens in the MTR and ETR. The purpose of these irradiations is to obtain 
preliminary swelling information on uranium somewhat in advance of the 
current irradiation schedule at Eanf ord . 
Six capsules without temperature control, each containing a 14-grzm 
cylindrical specimen of natural uranium immersed in NaK has been- charged 
in the for irradiation. As described in ~w-58978-~~, "Proposed Ir- 
radiation of Uranium Metallography Specimens GEH-14-33 through 38, I' three 
specimens will be irradiated to an exposure goal of 0.03 a/o burnup and 
the remaining three to 0.1 a/o; estimated irradietion temperatures are 
120 C, 350 C, and 650 C. One specimen from each exposure goal will be 
subjected to a flux of 4, 40, and 80 x d2 nv. Since the irradiation 
temperatures will differ according to the flux, the irradiation will 
provide an indication of the effect of temperature, burnup rate, and 
total exposure on the structure of the uranium. Prior to the irradiation 
of the specimens, each specimen was carefully precharacterized as to 
(1) geometry, (2) density, (3) microstructure, (4) microhardness, and 
(5) x-ray diffraction peak widths; after irradiation identical measure- 
ments will be made to ascertain the extent of the irradiation induced 
changes. The specimens will also be used to evaluate the effect of post- 
irradiation annealing on the swelling in unrestrained specimens. 

UNcLkssIFIED 1252165 
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Design calculations were made during the month for an instrumeoted 
temperature controlled capsule for a similar irradiation in the ETR. 
The high flux available in the E!.FR is desirable, in that relatively 
short time irradiations will give reasonable burnups; however, the 
resultant high power generation complicates the problem of capsule 
design. 
heating elements and their ability to maintain such a capsule at a 
constant temperature during reactor off periods. 

There is considerable doubt about the power rating of available 

Simulated Swelling Exp eriments 

Uranium swelling has been simulated in the laboratory by the introduction 
of xenon gas into uranium by cathodic glow discharge at high temperatures. 
Apparatus for expanding the study of this phenomenon is approximately 
thirty percent complete. The original apparatus is now being used to 
investigate the mobility of xenon in ;uraniun. 

The simulated swelling experiment was regeated again this montn with two 
1/8 inch thick discs at 800 C (1472 3'). 
one disc during two days of discharge at temperature. 
received a similar treatment but was shielded from the discharge. Subse- 
quent density measurement gave the over-all density of the control sample 
as 18.94 g/em3, and the density of the swelled uranium disc as 18.88 g/cm3. 
The uranium in the charged disc showed an over-all increase in volume of 
approximately 0.3 percent. 
went a considerably larger iccrease. 
Apparatus for Producing Swelling in Uranirs;," YW-59071, was prepared during 
the month. 
and a discussion of initial results. 

Xenon gas was intrcduced into 
The second disc 

The region in the center of the discharge under- 
A document entitled "A Laboratory 

It contains a description of the apparatus used in these stiidies 

Mechanisms and Theoq 

Diffusion of rare fissior! gases through the uranim lattice is importaot 
in both the rate of formation and the rate of gressure increase in pores.. 
Mobilities of these gases in urazixn are tSerefore being st5udied. Equip- 
ment for these studies has bee2 installed. This equipment utilizes a 
uranium cathode which is shaped so that a glow discharge can 3e maintained 
in rSre gases contained at reduced pressure ic a thin walled cylindrical 
projection. According to previous st-ddies %he glow disckarge should enable 
the rare gas $0 enter the uranium lattice. The gas should then diffuse 
through the uranium at elevated temperatures. 
ment were only partially successful due to a minute gas leak through the 
wan ium . 

kitial tests of the equip- 

For the study of formation of fission gas pores in irradiated uranium 
there is a need for solid surface tension values of *xranium in the presence 
of inert gases at swelling temperatxres. 
are being obtained by experhiextally balancing the forces pulling down on 
a series of fine wires of uranium wlth the forces of surface tension pull- 
ing upward. Design, fabrication, and asse?'Sly of much of the spparatus 
has been completed during the past Iconth. 

Tk12 sclid surface tension data 

Vac-itim and gettering equipment 

l252iCl 
UNCLASS PIED 



UNCLASSIFZED A-42 m-59717 

was installed to maintain a clean surface on the uranium wires at ele- 
vated temperatures. Wire drawing dies have been obtaine8 down to 0.001'' 
diameter and several zirconium gettering wires were drawn down to less 
than 0.005" diameter. Preliminary swaging has been done for preparing 
uranium vires. The remaining pieces of equipment &re on order and the 
apparatus is scheduled for operation during April. 
microscopy afford a direct means for studying certain aspects of swelling, 
namely the number and size of pores in uranium. 

, and distribution as a consequence of the in-reactor environment, a real- 
istic quantitative analysis requires application of statistical methods. 
Operation Research personnel are currently applying 2. statistical technique 
for estimating pore radii distribution and volumes associated with pores 
as a function of longitudinsl and rsdicl distances in a cylindrical, 
irradiated uranium specimen. In order to establish the effects of labora- 
tory annealing treatments on the growth of small pores in uranium irreditted 
at 400 C to a burnup of 0.2 a/o, a specimen has 'been knnealed at 880 C for 
LOO hours. 

Optical and electron 

Since pores vary in size 

Tkte necessary metallographic gregaration is cow ir, progress. 

3- GAS COOLED POWER REACTOR PROGRAM 

Graphite Studies 

PRTR Pressurized Gas-Cooled Loop Facility. 
Project Proposal, increasing the mtucimum temperature from 1100 to 1500 F 
and requesting an additional $175,000 required by the temperature increase, 
was prepared and is being circulated for approval. The design criteria, 
including scope drawings for the high temperature gas locp (cm-822), were 
completed. 
for bid during April on a design and fabricate fixed prize contract. 
in-reactor section will be designed on site. 

A revision to the Gas Loop 

It is planned to place the ex-reactor portion of the gas LOOP 

The 

The in-reactor test section consisting of two concentric +xbes and a large 
part of the loop piping external to the reactor will tentatively be fabri- 
cated from Inconel-X. 
the outer pressure tube cf the loop and the aluminum s-hrotld tube'of the 
reactor. 
and the steam turbine back-up will cause water to be injected into the 
pAmary loop. Water injection is required to prevent overhesting the 
aluminum shroud tube. 
operation. 
startap or shutdown of the loop. 
Design Development Operation is continuing. 

Helium gas will flow in the annular space.7;etween 

Loss of helium shroud cooling due to failure of electrical power 

Instrumentation will be provided for zutanatic 1003 

A programmer will control the rate of temperatwe change during 
Preparation of design criteria Sy ;he 

Graphite Oxidation Studies. Surface area and pore size measurements were 
completed on four TSGBF graphite samples prior to outgassing and reactor 
irradiation at 550 C in high pressure Cog. The first outgassing tests on 
TSGBF graphite evolved agproximately 1.74 cc of gas at STP from a 31.46 g 
sample in 16 hours at 950 C. 
1.01 percent C02, < 0.01 percent A, ( 0.01 percent 02, 2.73 prcent Ng, 

6.06 percent CO, and 90.2 percent H2. 
planned. 

The gas composition (percent by vollume) was: 

Further outgassing studies are 
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The weight loss of CSF graphite in flowing COS is lioear after the first 
0.85 percent. The rates are 1.23 x 10-5 @pl/ep-hr at 70G k 5 C, 1.73 x 10-5 
epl/gm-hr at 750 f 5 C aad 4.94 x 10-5 gmlgm-hr at 800 * 5 C. 
metric re1ationships.indicated that less than 0.01 percent of the total (202 
was used for oxidizing the graphite (assming the over-all reactor to be 
C% + C 4 2 CO). Thus, under these conditions, small changes in gas flow 
should not be reflected in the rate of graphite weight loss. 
sample was oxidized at 800 C while the gas flow was decreased to one-half 
the original value (from 0.4 cu-ft/hr to 0.2 cu-ft/hr). 
weight loss was only six percent less than the value observed at the higher 
flow rate, verifying the assmption that the reaction is not sensitive to 
small changes in gas flow rate at these conditions. The specific surface 
area of the sample was 0.257 m2/gm before oxidation and the sample will 5e 
checked for the change due to oxida5ion. 

Stoichio- 

As a test, a 

The observed 

The samples in the weight loss equipEen5 hang above the vertical center of 
the reaction tabe. The graFnite-imbedded thermocouple is at the vertical 
center. To ensure that the samples are at the same tenperatare as the 
thermocouple and that there are ro large 5empratu-e gradients along the 
length of the samples, a second thermocouple 'bhedded ir, graphite was moved 
along the tube and the temperature was okserved as a function of distance. 
The results confirm,ed that the sam2les are within the isothermal portion of 
$he reaction tube. 

Coated Graphites. 
coated graphite materials from the National Carbon Conpany. 
(1) a siliconized 'limpregnated'' material and (2) a siliconized material. 

A sample of the siliconized lIhrpregnated'l material was heated to 1000 2 
in a.n atmosphere of helium. As the sqle w-as Sro-dght to temperature a 
volatile product in the coating was evolved at ca. 300 C. 
was continued and the temperature held at 1000 Tfor ca. six hours. 
cooling in the inert atinosphere, the sample had lost 0.75 percent in weight. 
The sample was again heated to 1000 C for ca. six nours with a further loss 
in weight of 0.17 perzer.t. 
time the weight became constar-+,. 
coating was observa5le. 

Preliminary screening tests were completed on two 
They were: 

The heating 
Af+,er 

After a tkrd Gating for the same period of 
A visi3le ckar.ge in the condition of the 

A sample of the ccated "imgreg;?ated" material was tested for oxidaticn re- 
sistance. The equipment used was an oxida.ticn Salance on which the weight 
change could be continuously monitored. The sample evolved the volatile 
constituent as before. 
cfh flow. 
18.3 percent after seventy-two hours. A visual inspection of the sample 
imder.the microscope showed holes and cracks ir, the surface of the coating. 
The main attack was through the ends of the sample -where the coating was 
thin due to the method of application. 

The entire rim was lzade at 600 C, in air at 0.5 
The sample lost 0.30 percent weight in twenty minutes ad 

A.sample of "siliconized" cohted ATJ graphite was placed in a sealed 
aluminum tu5e along with a3 :meoated.sample of the same graphite acd 
irradiated to an exposure of 187 MWD/A? to rletemine the feasibility 

1252183 
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D. 

of handling and testing coated, irradiated samples in existing equipment. 
Both the coated and uncoated samples were very radioactive, reading Qive 
rads at the surface. 
changed to a black color from the unirradiated gray-green color. 
"cooling" for forty days, the radiation level had not changed appreciably. 
The radiation levels of pure reactor grade graphites coated with these 
materials could not be evaluated from this test. 

The surface appearance of the coated sample had 

After 

The above tests show that these coated materials in their present state 
of development would not be usem reactor materials. 
will be obtained from National Car303 Company for evaluation. 
of the above material will 5e eliminated from the test program. 

Zmproved materials 
All samples 

CUSTCMER WORK 

UOp Fuel Development 

The Chemicai Research and Development 2rogram of met-banisal 2rocessinq of non- 
production reactor fie1 elements includes studies of the shearing of 302 fuel 
elements to determine shearing forces and to provide material for dissolution 
studies particulate matter generated during shearing. Thirty-ore swaged U02 
rods, approximately 0.563" in diameter and 34" long, were delivered to Process 
Equipment Development, Chemical Development, for these shearing tests. Fbel 
elements were sqplied in both stainless steel and Zircaloy-2 jackets. 

Corrosion Skidies 

Reactor Pigtails. 
latter part of 1958 frequently caused scramming of the reactor. 
lurgical examination of many of the failed pigtails showed cracks in the 3Ok 
stainless steel tube which resembled stress corrosion cracks. In order to 
help evaluate the condition of the pigtails at otner reactors, about 58 5ig- 
tails frm D ad DR Reactors have been removed, cleaned;, and dye tested for 
cracks. Three out of the 43 pigtails from DR Reactor gave crack indieations, 
and three out of 15 pigtails from D Reactor gave crack indications. 
dye test indications are Seing metailargical evaluated. 

%e occurrence of pigtail failures on El Reactor d-uing the 
The metal- 

These 

Radiametallargical Examinations 

I !k E Zole Faihre - 2582-C (-M-249). 
of enriched uranium from tu3e 2582 continued. 

Tne %examination of The second element 
The exanination of the bonding - 

of the male-end cap of the element showed that water entry to the AlSi layer 
surrounding the spire occiured through a welding or similar fabrication defect. 
'The series of water channels surrounding the spire are 3etween the male cap 
and about 1-1/4 inches from the female cap - a disclance of about 4-3/4 inches. 
Water entry also appears to have Seen effected through the spire in the 
neighborhood of the corrosion area previolisly mentioEed. Exazin;t~ion of a 
section of spire can wall has revealed at least five placed within a very 
small area where some type of erosive penetration occurred. 
tions ext.end from the intergranular corrosion areas on the water emosed 
surfsce of the spire directly to water channels in the AlSi bonding layer. 

3ese nenetra- 

G.2 -1 
1252184 'LTNCLASSIErn 
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PT IP-134-A Irradiation of Wafered U Fuel Element (RM-245). 
aluminum alloy jacketed, hot press canned, 1.e enriched, wafered uranium I & E 

A 1.8" o.d., A-2 

fuel element was irradisted to low exposure at high power. 
sectioned longitudinally for half its length. 
do not reveal any marked changes from the pre-irradiation state. 
graphic examination of a wafer is being started. 

The element was 

Measurements of wafer thickness 
Metallo- 

Preparation of Samples for Project C-791 (RM-267). Ten uranium bars, approx- 
imately 1/4" x 1/2" x 2-1/8" long, were sectioned from an I & E fuel element 
and canned for shipment to ORNL. 
which will be melted to determine the quantity of fission product gas release 
in connection with Project C-791. 

This completes the request for 29 samples 

Aluminum Shroud Tube from ETR 3x3 Test Facility (RM-91). 
aluminum shroud tube which had cracked during operation of the ETR was received 

A section of the 

to determine the cause of failure. A two-inch long circumferential crack was 
found in one of the welds in the reducer section of the tube. Metallographic 
examination showed that the crack was caused by insufficient weld penetration 
and internal flaws in the weld which seriously reduced the weld strength. 

Metallography Laboratories 

Samples Processed During the Month: 

Total samples processed: 206 

Photographs 

Micrographs 382 

Macrographs - 97 

Total 479 

Manager, Reactor and Fuels Research 
and Development 
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PHYSICS AIQD INS- RESEAIECH AND OpERATIcaO 

FUELS 

Nuclear safety in the -16 Prepaxation Department 

- 

A discussion wa6 held with members of FPD regarding the handling and storage 
of higbly enriched uranium fuel (emcbmentb g0 percent). 
plans to send fuel of this kind to FPI) for testing in the 305 pile. 
criteria were established for the storage and handling of this f'uel together 
with normal f'uel in the FPD operations. 

Genere3 Atomics 
Safe 

REACTOR 

smD8 RELAm To PREmqT PRoDUcTIm REACTOIRS 

Lattice Neutron 'pempe rature study 

The experiments reported last month have continued. 
tained confirm the previous results. 
epicadmium fissions were computed on the basis of measured Cold-Cd ratios 
in the fuel elements. These corrections amount to a few percent at most. 

The additional data ob- 
Corrections to the results due to 

Blocking Effect of Coolant 

The measurement of this effect has been completed for a single column of 
8-inch fuel elements in the TTR thennal column. 
the ratio of the average activity of 4 lllanganese foils mounted on a process 
tube to the average activity of 4 manganese foils mounted on an 8-inch 
natural uranium fuel element. 
table, for a dry annulus and an annulus filled with coolant water, at 
graphite temperatures of 292OK and 6pK. 
inches in diameter with a 0.080-inch annulus between the fuel element and the 
process tube. 

The data are presented as 

These ratios are tabulated in the following 

The canned fuel element is 1.44 

Ratio of Average manese Foil Activity 

Case - Cmphite Temperatures 

* The 677% data was presented in the February monthly report. 
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Thcrmsl Neutron Flux Spectrum Near a Temperature Discontinuity 

As reported last month, an mM 709 FoRpzAm program is being *&tten to obtain 
nuuIez%cal results for the two mre complicated infinite geometries for which 
analytic solutione have been found. 
of subroutines, which may be debugged independently, and one main progrrun. of 
the tM subroutines which have been written, one has been run successfWJy and 
the other is being debugged. 

The program is being divided into a number 

Neutron Energy Spe ctrum in the Vicinity of a Boundsry ~5th a Temperature 
Discontinuity 

During the past month the theoretical investigation of the transfer cross sec- 
tion for neutron exchange between equilibrium thermal neutron energy distribu- 
tions near a temperature Aiscontinuity,haa been extended from the effective 
graphite mass range of I2 to 80 amu to the 80 to 250 ama range. In this range 
a mass of approximrrtely 1% was found to yield a fairly good fit to the low 
temperature! (1080~ and 300~~) experiment. h~rlng the cmse of these calcua- 
tions an investigation was msde of the dependence of the "effective mass" or 
transfer cross section of graphite upon the experimentally determined albedo 
of the thermal flw. The results indicated a rather strong dependence of the 
effective mass of grawte upon the albedo. 
sensitive dependence of effective =sa upon the experimental constants of the 
sl'owing down flux have led to a rather drastic but essential modification of 
the methods of analysis. Heretofore a rather lengthy machine and hand calcula- 
tion has been used to iterate towards a theoretical value of the transfer cross 
section. 
completed. 
provides the best fit to the experimental data. 
bility to allow the investigation of any paremeter which might influence the 
experimental determination of the transfer cross section. 

Effect of Cladding on Reactivity 

Additional data from measurements in the Henford Test Pile on the effects 
on reactivity of various cladding materials on I and E type fuel elements 
have recently been received. 
this and a previous- analysis are being issued under report ntrmher HW-59809. 

result together Kith the 

At present a new 709 FaRlpRAm program is approldmstely 90 percent 
This program will iterate to the effective graphite mass which 

The prograrp has complete flexi- 

These data have been analyzed and the results of 

smns RELATED TO FUTURE pRoDuc!rIoN REACTORS 

Lattice Measurements for 2.5- and1.92-inch hel Elements 

Material bucldings of graphite lattices with 2.5-inch sdlid natural uranium 
fuel elements measured this month are listed below. 

Lattice Spacing 

12 3/8 wet 
12 3/8 Dry 
14 9/16 Wet 

Volume Ratios 
Al/U HpO/U c/u 

- 19 
t 79 - 73 

0.185 0.403 29.58 

0.185 0.403 41.58 
0.185 -0 29.58 
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These buckling values are tentative using an assumed extrapolation distance, 

actu A , and final dues for the buckling will be quoted when the analysis 
of these traverses is complete. 

A, of 1.66 inches. Horizontal. traverses have been measured to determine the 

The measurement of the fast fission factor, 
quired for comparison with existing values. 
dardization requires an argon filled, double chamber capable of receiving both 
uranium foils and deposits. 

, in a grapbite lattice is re- 
The procedure for absolute stan- 

The foils and deposits will be natural uranium and 15 ppm 
The deposits have been obtained and have 0.100 2 0.005 mg/ 

eted uranium. 
uranium content. 

Preliminary studies to check the reliability of the chamber and to become 
acquainted with its operation have been carried out using the deposits. 

PCm Masurements of and f of Selected Cluster Elements 

cluster of 0.924- ? nch diameter rods in a 10 1/2-inch graphite lattice. The 
Final values of 

results are compared in the table below with values derived from buckling 
measurements of essentially the same fuel assembly in a 10 3/8-inch lattice. 
To aid in the camparison, the exponential results have been adjusted to the 
geometry of the PCTR experiment. 

hare been determined from PCTR measurements of a 7-rod 

Water Mole Fbtios 
koo 

Air 
Coolant Coolant C/U AL/U HpO/U 

pcm 1.009 i: 0.005 0.998 t 0.001 37.45 0.446 O.u7 

Exponential 1.013 t 0.0045 1.001 i 0.0045 37.01 0.482 0.466 

Exponential, adjusted 1.016 t 0.0045 1.003 p 0.0035 37.45 0.446 0.467 

It is apparent thst the PCTR and exponential results are in agreement in each 
case. 

The 1 millidterror quoted for the PCTR water-cooled experiment is a standard 
deviation encompassing aU lsnown sources of error. 
air coolant, the large error quoted is due to the fact that the spectrum was 
never successfully matched through the test cell in the axial direction. 
magnitude of the error is based upon the effects of changing spectral condi- 
tions on Ir, observed in the water-cooled experiment. 

In the measurement with 

The 

Preparations are being made to measure 
uranium of 1.007 percent enrichment in a '7-inch lattice. 

and f of the same cluster with 

Coordinated Theoretical-Exwrimeatal Reactor Physics Promam 

The IPD Survey Code has been used to calculate bucklings for the various in- 
ternally moderated 2.5-inch fuel element geometries which will soon be measured 
in the exponential piles. The results indicate that the pzesent range of lat- 

l25i"T.$4 
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tice spacings (8 3/8 inch to 14 9/16 inch) will give adequate cwerage for 
these geometries. 

Calculations with the IPD code were also made for cnmparison to the previous 
measurements on fuel elements from 0.926 inch to 1.66 inches in diameter. 
calculated bucklings for 8mJl diameter elements (0.925-inch to 1.36-inch 
diameter) are accurate at 8maU lattice spacings and became high by about 20 
microbucks at large lattice spacings (1-r than the spacing for maximum 
buckling). 
tions are slightly low at anmll lattice spacings and become high by 20-30 
microbucks at medium and large lattice spercings. 

For large diameter elements (1.66 inches and larger) the calcula- 

This series of calculations was used to comect for differences between lat- 
tices measured in the XTR and in the expanential iles. Buclslings were 
then cosrpa;red to available k, measurements with lJz taken fram the method of 
C. R. Richey (IN-56646). The resulting exponential b's were an average of 
5 milli k high indicating a need for a change in the parameters used to cal- 
culate l$. 
ments, while PCTR b*s compazed favorably to critical values (averaged 
1 ndlU k low), indicating the validity of PCTR measurements, at least for 
the snrnll range of lattice gektries involved in crltical measurements. 

'phe exponential & 's were also high compared to critical experi- 

The calculation of differences also provlded an OIrpOrtunity to compare buck- 
1% measurements on 1.66-inca elements in both bfwt and 8-foot piles. This 
comparison indicated thaL, the extrapolation distance of 1.66 inches previously 
derived for the 4-foot pile measurement is too high. 
inches and 1.55 inches -des a better fit to the data. 

A value between 1.53 

Calculations of thermal utilization of 
lattice, using diff'usion theory in the bierator and blachess boundary con- 
ditions at the Fuel surface, give values that agree within 1 percent of the 
reference values for lattice spacings Gss than 7 1/2 inches. 
spacings, the errors increase to alllloa6-LO percent. 
HAP0 exponential pile data corrected fcs aluminum content. 

simple bare natural uranium-graphite 

For larger 
Reference valup are the 

NPR Lattice physics Program 

!L%e program of cold exponential pile measurements in support of NPR has 
been plamed in detail md discussed rJ',th IFD represertatives. 
includes meas-mementi; of buckling for 1.92-inch sciid elements and 2.5- 
inch elements for various fuel geometries (solid, I and E, tube and rod, 
tube a,cd tube, tube and tube and rod) in the &-foot exponential piles. In 
addition, 8-faot piles will be used to check the extrapolation distance of 
a few of the cases measured in the 4-foot piles, as well as for measuring 
buckling of the exact NPR lattice and a condensed lattice (no void) with the 
same carbon-to-uranium ratio as Changes from the original tentative 
program involve timing, bu3 not content. Be only significant change is the 
scheduling of a tube and tube geometry as soon as the 2.5-inch elements, 
cored to 2 inches, are received. 

Be program 

A PCTR program involving lattics parameter measurements for some of the 
1.92- and 2.5-inch fuel geametries has been plasned along with the exact NPR 
la5tice to supplement and check the exponen+,ial program. Measurements of k,, 

I252 I95 
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f, p, and 
tion of ~2. 

wiLl supplement the buckling measurements and permit a rough deriva- 

Nuclear Safety i~ Haadliag mpR Fuel Eiemen-ks 

Nuclear safety in the design of an apcular cask for tie storage of lQpR f+uel 
elements was reviewed. 
well as safe geometries, were calculated. 
used in loading an annular dissolver. 

Safe batch sizes for a 12-inch thick annulus, as 
It is intended that such a cask be 

InterCalibratior of Graphite Aurity 

A direct measurement has been &W.ned in the PCn of the absalute value of the 
absorption cross section fsr zme prcicular bar of graphite. 
is the same one which was used earlier in the calibration of the HTR (Han- 
ford Test Reactor - 305 %e), ard the BPR pa-ity index of the bar is lmm. 
The H!CR measureanente have yre~GaCy yieXed accurate differences in crass- 
section values bebfeen the VBri~zs bars involved in the -phi-be exchange. The 
present H3TR measuremeot pmv%es a reLiable nonmalizaticn for the EK!El measure- 
ments and 3rndts us to qw5e abs&Ae whes with a small ma.rgi~ cf errcr. 

The bar seiected 

The graphite cross-section measuremen% in the PCTR was a danger coefficient 
measurement. Reactivities were measured Wrc,S. the test cavity of the %O calan- 
dria empty, filled with graphLtz, and filled eth graphite plus thin copper wire. 
The observed change in mact;i>dty se~dting fmii the aclditiorr cf a known amount 
of copper definers a "CSE~B/C:E~ of absorber" coefficiext for this particUlar PCTR 
configuratfo~. This csefficiz3t makles one +,o tmerpret the initial reactivity 
change resulting frmth2 il;seeiua of 5he grcphite alone In terms of the ab- 
sorptioa cross se9:tion per ~~,X,;*CJOQ aka for tbt pa+,ic*dar graphite. A lazown 
quantity of %O was d,so inser;ed into t.& test; cavizy in an attempt to experi- 
mentally determine the rm3era;ing effsct correction. llze correct;ion appears to 
be about -0.Cg mb and is mu&U ben,ause relatively few fast neutrons exis% in 
the sample envirmmexit. Tbe fimL figwe fcr the moderating correction depends 
UWE the hydrogen coz$ez---C, 2f C,h 

scopic analysis cf %lie D$ ha bser cmp2eted. 

The ret reszllC, is tht 
downward by abmt 9.3 E%. 

been detemilaed, it will bs pciasi33e $3 quste dl v8.I.w~ to within abcut 1 per- 
cent. 
This value has been cxreefed f;= rL+,**.?gez absrqhim in the bar and for the 
estimated moderating eeect. 

ad -.J not be available until spectro- 

U. S. -bziL~s qmhd last, mnth shodd 'be corrected 
~Y'CIET the exact hydmgen cmtect of the &O has 

m.e valie abtaize31 f~- 7;'k test bar itisezf is pa (2200 m/s) 3 3.60 mb. 

Ccmputa%iom3 Programs acd Serviced 

The cnmplete Expmential Data Progra is nov being &bugged. 
results bve been Qbtained. 
been written but has cot been csmpiled. 

Esco~'~~ging 
!I5e FORM versioa of the P-3 subroutine has 

Work was begun on a FOR!EUM pmgra which will take basic FCTR da3a as ic- 
put, calculating Go azzd f, ESS we= as perf~rming a statistical analysis of 
the results. 
preparation. 
circulated among PCTR wers fx cmmez5. 

The ern main 6DJectLves are flefibiliqr ad ease of Input data 
When the Icetb3s t~ 3e csed '?!.axe been decided Qpn, they wU.2 be 
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Mechanism of Graphite Tknrnp e 

A series of measurements was completed of the energyloss of the Van de Graaff 
electron beam in thin altmdnum foils. 
cause the mean excitation potential of aluminum is known so an estimate of the 
energy loss can be nrde with the Bethe-3loch fonrmla. 
surprising. 
and was within a few percent of the Bethe-Bloch value. 
that multiple-scattering would result in a nan-linsar energy loss. 
results may possibly be explainad as balance betmen extra energy loss due to 
multiple scattering and decreased energyloss due to escape of delta rays. 
observed result is pleasing became it indicates that fairly thick samples of 
graphite may be used in the Van de Graaff studies. 

Aluminum is used instead of graphite be- 

The energy loss increased linearly with the thickness of the foils 
The reeats were quite 

It had been expected 
Tbe observed 

The 

Instrumen+Ation 

Mscuseions were held with members of IPD and HLO concerning the role of RPIRDO 
in assisting in the selection and testing of a fuel element rupture detection 
system for NPR. 
studied. 

Practical and development systems at other sites are being 

The imtestigation of new neutron detectors continued with emphasis on solid 
state devices. 
not in connnercial production at this time. 
they will be available. 
available here sooner. 

The Westlnghouse miniature solid state neutron detectors are 
It will be four to six months before 

An attempt is being made to make this type of a device 

A recording two-color pyrometer system using a CdS photoresistor as the detect- 
ing element for graphite tenperatwe measurement was given preliminary tests. 
the test made before wiring in the timer and recorder indicated satisfactory 
operation. Fur- 
ther tests are planned with the CdS cells as well as with the lead sulfide cell 
and photomultiplier. 
mentation in the infra-red. 

With recorder and timer included the operation was erratic. 

An arsenic trisulfide lens bas been received for experi- 

The printed circuit boards containing the circuitry for input address lo.@ and 
core drive for the simple computer using magnetic cores ham been assembled into 
a completed unit along with additional circuitry to complete this portion of the 
pzqject and the unit as a whole is undergoing testing and debugging. 

Necessary detector work was completed for investigative use concerning 100-H 
stack gas monitoring. The detection portion uses a 10-inch diameter hollow 
aluminum sphere with an inserbed two-inch diameter by five-inch long closed 
cylinder. The cylinder contains an NaI crystal and phototube. A small portion 
of the stack gas will flow through the system--about two to five CFM. The cal- 
culated minimum detectable concentration of 1131 in the stack gas is about 10-7 
pc/cc without lead around the sphere and assuming no background problems. Only 
the photopeak of the particular isotope of interest will be counted. 
energy analysis will be attempted for normal conditions and also following slug 
rupture if possible. 

General 

Consultation was given on a complete remote-area scintillation monitoring system 
for %he NPR project. The circ*&*ry involved is quite simple and reliable and has 

1-252 i 91 
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been previously tested. 
terphenyl-in-polyvinyltoluene for gama detection or a boron-zinc sulfide crystal 
for neutron detection, a meter-relay circuit with a local alarm. 
local station may be up to 1200 feet from the central station. 
eachlocal station si& is sent, via the signal cable, to the central station 
where the signe;l from each probe is amplified and recorded. 
vided with a stepping switch to receive, at one to 10-second interd.s, the 
variou~ remote station signals and record the same on a multipoint recorder. 
A central station high-voltage supply serves all remote units. 
tion high-voltage supply, one amplifier, and one 10-point recorder can handle 
ten remote station monitors. 
one for signal, go to each renote station. 
a 0.1 second alarm time and is not affected by the central station switching 
speed. 
cludes errors caueedby switching delays at the central station. 
proposed system will be completely compatible with later development work for 
addenda reactor-area radiation monitoring equipment. 

Each local detector station contains a phototube, a 

Each remote 
A portion of 

The central is pro- 

One central sta- 

A minimum of two c~bles, one for high voltage and 
The local remote station alarm has 

Thus, the local alarm wlll always energize irlnnediately. This system pre- 
llhe c-ete 

Critical Hazard Specifications 

Nuclear Safety in Word Laboratories Operation 

s tudy of the nuclear safety in the storage and handling of 4 PU-~e neutron 
sources, each containing 80 grams Pu, was made. 
these sources is 13.5. 
sources is less than that for the same weight of pure Pu. 
these four sources independently of the degree of mter moderation and reflec- 
tion. 

The atomic ratio of Be:- in 

It is safe to handle 
Without further moderation the reactivlty of these 

E-Metal Prom 

The study of the random loading of the E-Metal dissolver was continued to 
determine a realistic dissolver loading and the corresponding maximMl safe 
batch size. The earlier study, based on cylindrical geometry indicated a mtud- 
mum safe batch size in the mnge of 1.7 - 2.4 tons uranium. 
study a conical loading was assumed in which the base was equal to the diameter 
of the dissolver crib (52 inches). 
size is estimated to be 2.0 tons uranium. 

In thk present 

With such a loading the maximum safe batch 

mutonium Critical Mass Laboratom 

Modification 2 of Directive HW-455, &ted arch 23, 1959, was received from 
the AEC authorizing the General Electric Co. to incur costs in the amount of 
one million dollars for the construction of Stage I of the Plutonium Critical 
Mass Labomtory. 

Current plaas call for invitations to bid being issued on April 8, 1959, and 
for bid opening on ~ay 6, 1959. 

I252 E 98 
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Criticality Studies in Support of Processing Power Reactor -1s 

An exponential experiment was used to determine the material buckling, and criti- 
cal mass, for 3.063 percent enriched uranlm rods of O.3OO-inch diameter in a 
0.500-inch hexagonal lattice. In the case of the O.5OO-inch lattice there was 
an insufficient quantity of uranium available to determine the critical mass 
from the critical approach. A Mal traverse of the neutron flux was made with 
a 8maU BF3 counter to evalwte the extrapolation length for the lattice. 
results of these measurcmcpts are given as follows: 

The 

Calculated 
%O/U Basured critical lass Extrapcilation 

(spherical Geometry) 
Lattice 
spacing (volume Ratio) Length* BUCkling 

0.500 inch 2.06 7.1 ~m 13,028 x io -6 cm -2 485 13s. of 
enriched U 

To date sixteen different lattices have been measured with the three rod sizes 
initially chosen, 0.925-inch, 0.600-inch, and 0.300-inch. In order to evaluate 
the ndnhmJ critical mass for 3 percent enriched ursnium rods in light water 
it will be necessary to code critical approach experbents with a fourth and 
nrrm'lter rod size; current plans are to swage the 0.300-inch dianeter rods on-site 
to a diameter of O.17-inch for these qpasurements. 

Experiments were completed for determin;ing of the 3 percent enriched 
polyethylene moderated systems at H/U &osdc ratios in the range of 6-12. Some 
inconsistencies have arisen in the measurements invola the UO3-QO mixtures; 
material which was to have been prepared wi$h an H/U atanic ratio of about 10 
was found on subsequent chendcal anal3rsis to have an actusl H/U ratio of about 7; 
further, the repeatability of the measurements with th U+-%O mixtures has in 
some cases exceeded the expected error limits of the k, measurements; this may 
be the result of uncertainties in the dues of the H/U ratios. 

The nrnximUm value of Go for +de case of polyethylene moderation (CH2) is 
about 1.35 which occurs for an H/U atomic ratio of 7. 

Criticality Calculations for Correlating Theory with Experimental Data ' 

The study to evaluate the critical parameters for processing homogeneous mix- 
tures of slightly enriched U-235 fuels and light water was continued. 
phase of this study was based on semi-empirical formulations of age theory in 
which it was assumed that (1) the fast effect was unity for all H/U values, and 
(2) the neutroE age was 27 cm2 for uranium concentrations.  his study indi- 
cated conservative results for aJl reactivity parameters (&e geometry, minimum 
critical masses, etc.) for enrichments below 5 percent U-235 and results that 
were in agreement with experiment for U-235 enrichments > 5 percent. 
non-conservative parameter was that of k,. 
richment of l.O?% U-235 for criticality while experiment showed that the minimum 
enrichment was 1.02 2 0.0% U-235. 

The first 

The only 
The study indicated a minimum en- 

* This is a preliminary measured value which agrees with the BNL value at this 

H20/U ratio. - 



The second phase of this study 
for dl uranium concentrations 
calculated critical parameters 
indicated that the neutron age 
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indicated that the use of a constant age of 27 c& 
was the main reason for the conservatism in the 
for enrichments below 5$ U-235. This study 
should be taken inversely pmportioaal to the 

square of the effective water density in the homogeneous mixkure. 

'phe present phase of this study involves a calculation of the fast effect 
(previously assumd to be unity) and the recalculation of k 
fast effect values. 
tion length to be used for water-reflected systems. 
correction to the extrapolation length for system in which a reduced density 
core is reflected by a fuu density reflector has already been indicated. 

reflecting these 
ms stw will also involve a correctPOon on the extrapola- 

The validity for such a 

The method used to calculate the fast effect is based on a formulation 
developed by APED for heterogeneous systems. 
formulation is reduced to the following: 

For homogeneous solutions this 

!k = atomic ratio of hydrogen to U-238. 
m28 

Using this formulation for fast effect and calculating 4 , f, and p as before, 
k, was calculated as a function of H/U for several enrichments. The maximum 

for each enrichment is given in Table I. 

0.95 
1.00 
1.50 
2.00 

4.90 
3 .oo 

The experimental value for the 
is 1.02 2 0.02$ U-235. 
this enrichment to be about l.O05$ U-235. 
for 2 percent Up4 at an H/$35 atomic ratio of 195 was found to be 1.2d i 
O.Ol3. 

enrichment with a maximum k, of unity 
Interpolation between the values in Table I indicates 

The experimental value of k, 

The theoretical value calculated in this study for these conditions is 
1.225. 

0 . 981 
0.998 
1.154 
1.255 

, 

1. so 

4.90 
4.95 
5.96 
6.56 
8.24 
10.45 

MisceUaSeous Experiments for Nuclear Safety Specifications 

Further exponential experiments were conducted with the 1.25 percent enriched 
I and E type fuel elements (1.336-inch O.D., 0.500-inch I.D.). The fuel rods 
consisted of six elements, each 7.5 inches in length, positioned in an alumi- 
num tube of 1.402-inch O.D. with a 0.028-inch wall thickness. The fuel tubes 

12522cc 
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were loaded in a hexagonal lattice configuration. 
determined this month. 

The follmng bucklings were 

Sepazation Between 
Rods (Inches) 

1.85 

2.40 

1.14 

2.82 

BWltlinP 
(Fuel cores Dry) 

4450 x loa 

3696 x lo4 

The value of 
H/@35 atcmdc ratio of 195 was previously given as 1.206; the experhental data 
have pow been further analyzed on the basis of a Wigner-Wflkens neutron spec- 
tnrm, i. e., the effective cross section values which were used were appropriate 
to this spectnrm. l!he value of k, is revised slightly as the result of this 

for the 2 percent enriched aP4-pam%f%b mlxture with the 

dmis to 1.216 0.013. 

Neutron Age Measurements 

The analysis of the second series of experiments performed to determine the 
neutron age to indium resnrmnce of Na-Be neutrons in water and in kerosene 
has been continued. 
derived experimental results to date are given in this report. 

Same of the more importaat parts of the analysis and the 

A least-squshs procedure has been carried out successfully to determine the 
best normalizatioll for the expectmentally-deteld photoneutronbackground 
flux distz%butions. No dirtct nomaUzation is available, because of failure 
of the ionization chamber which was used to measure the gama activity of the 
bexylXum-fre~ suurce. rphe nommlized background so deterndned has been sub- 
tracted from the Na-Be flux distributions. The asymptotic tails of all three 
1.45 ev flux curves are consistent with the first-collision approxixmtion 
within statistics. The normalization used has also been found to provlde the 
best fit to the asymptotic thermal neutron distributions, but here the scatter 
of individual points around the first-collision distribution is two to three 
times greater than statistfcs. 
detail. 

The reminder of each of the large-source resonance neutron distributions 
has be n fitted with a smoo+,h curve, chosen so that the third derivative of 

curves between U and 17 cm have been used as models for the tails of the 
dis%ributions obtained wlth the smeY sources. In contrast to the conclusion 
reached in the first series of measurements, the asymptotic behavior is not 
established until r becomes greater than 17 cm, so some physicalEssuwtion 
is required to bridge the gap. 
to date introduces an uncertainty in the small-source ages of the order of 
plus or minus one percent. 

This point has not yet been investigated in 

log ( P $) is moslotonic and reasonably continuous. The portions of these 

The range of "reasonable" assumptions explored 

Determination of the ages of the resulting curves is currently in progress. 
Results obtained to date are listed below: 

-1 25220 I 



Source-lbderator 

First Series 

Large-Water 
SmU-Water 

Large - Herosene 
ssnall -Drosene 

Second Series 

Large-Water 
srmcl7-W* 

B-ll 

Relaxation 

Length 

3.29 cm 

3.41 
3.36 

of Peak Age 

6.25 cm 14.60 an2 
6.15 >A38 

---. 15.01 

6.30 14.73 
6.25 13.98 

NEUTRON CROSS SECTIOES PROGRAM 

Absolute Fission Cross Section for $35 

A redetermination of the mass per unit area of the gold foils used in the 
measurement of the monoenergetic ~235 fission cross section was started. 
area will be redetermined by an optical measurement of eight diameters for each 
foil. 
A preliminary examination of these measurements indicates that the areas of 
these foils rsnge from 0.96 percent to 1.3 percent larger than the constant 
areas previously assumed. 

The 

These measurements have been made for seven of the gold foils used. 

Slow Neutron Scattering Cross Section of Water 

During the month the room i;emperature water scattering experiments for incident 
neutrons of 0.141 ev energy were completed, and a similar set of experiments at 
an energy of 0,184 ev was begun. 

At 0.141 ev incident energy, the neutron energy spectra of scattered neutrons 
were measured at 50, loo, 20°, and 30° scattering Ues in the vicinity of 
the elastic peak using the 0.030-inch thick water sample holder. 
distribution of the elastic peak was taken from 4O scattering angle to 76O 
using the same sample. 
energy spectra were taken at scattering angles of loo and 60°. 
tion purposes the elastic group from vanadium was observed at loo scattering 
angle 

The first axis was then changed so that neutrons of 0.184 ev are now incident 
on the specimen. 
and an angular distribution of the elastic group from the thick water specimen 
is being taken at present. 

Analysis of the 0.141 ev and 0.095 ev data reveal that within statistics the 
magnitude of the zero degree elastic and of the peak of the inelastic components 

An angular 

Using a thinner (0.012-inch) sample of water, neutron 
For normaliza- 

At this energy the vanadium spectrum at100 has been taken 
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of the scattered beame are the same at the two energies. 
the asgulru. distribution of the elastic portion of the 0.141 ev scattered neu- 
trons fit very  we^ the Dem-wuer function exp(4W) for a value of 
u 8 0.20 A'. 
u 8 0.30 Ao at an incident energy of 0.0% ev. 
stood since the peamwter u should vary only with temperature. 
rents of B. If. Broclbuse at AECL, Chalk Mmr, gave a value of u - 0.4 Ao 
for an incident energy of 0.035 cft. 

It was found that 

This cosrpares with an experimentally determined due of 
This difference is not under- 

The measure- 

Conpaxlson of bta taken with the O.O3O-iach and 0.012-inch water sample holders 
reveals no appreciable effects which could be ascribed to multiple scattering. 

For the second mnth no ffasion cross section data were obtained at the lO5-m 
crystal spectrometer because tho neutron beam was turned off to mow a lower 
radiation exposure to constnrctign personnel. installing the gas cooled irradia- 
tion loop on the X-1 level below the spectrometer. 

A new parallel plate boron chamber has been constructed and bolted onto the 
front end of the fission chamber. Thfs arrangement has proved to be more satis- 
factory than having the boron foil mounted in the fission chauiber since the 

. 

chance of accident& alpha contandnatia has been eliminated, and it is now 
possible to operate the boron cbauiber at a pressure different f'rom the fission 
chamber. At a t!J,Lbg pressure of 25 psi of A402 the integral bias curves 
campare favombly with the old boron chamber. 

In an att-empt to achieve aptimum detection efficiency studies were made on the 
effect of varying the clipping time, voltage, and pressure of the fission 
chamber. 

Fast Neutron Cross Sections 

!Fhe new vernier chronotmn circuit has been physically completed and a new 
circuit developed to help reduce emrs caused by Murlation in input pulse 
height. 
input signa3s . The system is now being checked out on actual photomultiplier detector 

Correlation of Data 03 Heavy Weter hbderated Cluster Lattices 

Using Mummery's method, the PCTR-derived values of k 
PRP lattices have been snalyzed. 
results is being preyamd for inclusion in the forthcoming Physics Research 
Quarterly Report. 
buckling measurements performed in Canada and Sweden for similar configurations. 
Tbe data fmm various sites are in quite good agreement. 

and f for the various 
A sul~pl~ary of the me?hods of aaalysis aad the 

Also included will be camparsble data derived fran material 
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Improved Theoretical Bkthods 

The use of the variational form of a linear theory has been studied as a starting 
point for its numerical approximstion. 
a numerical integration forxmila reduces the Lagrangian to a form which defines 
a set of approxlmate finite-difference equations. 

The advantages of this procedure are the automatic treatment of variable or 
discontinuous cross sections without the need for special boundary-crossing 
formulas and the possibility of systematically imprWing the accuracy of the 
appn>ximation by using more elaborate integration formulas. 
finite-difference equations for the direct and adjoint solutions will be consis- 
tent; that is, they will be aajoint to each other and will lead to identical 
eigenvalues, regardless of the truncation errors caused by the numerical approxi- 
mation. 

Replacing the Lagrangian integral by 

In addition, the 

faw ExDosure Fu Lattices 

Design cf the experimentaL.equipnt is complete and fabrication is in progress. 

RXCR Experiments 

The high exposure Pu lattice experiments await procurement of f’uel. material. 
Same analytical work is in progress concerning the form of the resonance multi- 
plication factor of Pu. 

Rd.iminary calculations are being m3de 0x3 highly self-shielded 
the aim being to obtain long life, constant power output fun1 assemblies. 
sults so far indicate that the specific parer as a function of Pu density 
approaches a constant va~ue for densities greater than 9 g/cm3 for  mall 
diameter fuel rods. 

fuel rods; 
Re- 

Instrumentation 

Fabrication of the warp measurement unit for the profilometer was completed. 
The lenses and mirrors to be used with this unit have not yet been received 
from the vendor, but similar elements whish were on hand were instdled and the 
unit was tested. ’Phe tests conf‘trmed that the unit was capable of measuring warp 
to f 0.001 inch. It has been found that a blinker shutter orig.ly included 
in the design to assist in &fferenti&ing between the various images can be 
eliminated. The warp print-out mechanism was attached to the unit and tested. 
The system worked perfectly and demonstrated to the customer that the complete 
warp measuring system including the automatic print-out mechanism was accurate 
to at least f 0.001 inch. 
unit except for the lens to be used in it. 

Fabrication was completed on the diameter measurement 
‘he design drawings are 955 complete. 

All drawings for the wide-angle viewer are approved and in the hands of Techni- 
cal Shops for estimfrting. Estimt- is about 95$ complete. 

All measurements were cmpleted in the‘determiacttion of the thew conductivity 
of graphite and A re- 
port describing the methods and procedures used is being written and is about 
75$ complete. 
Operation. 

samples at temperatures between 1000°C and 2200°C. 

This work is being acne in assistance to Ce&C Fuels DevelOpIIErAt 
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A semi-portable alpha-beta-gamara air monitor was designed on pper for possible 
application in PR!l!Et. 
Issued in the near future. 

A memarand um report describing the proposed system will be 

Expezlmental deterndaation of the appropriate lattice gsrameters began during the 
week of Wrch 16. 

Sonm materids for the fuel temperature coefficient mcasurcment have been re- 
ceived, and Tech Shops has been asked to finish fabricating matez5aJ.s by April 30, 

19 59 

Operation of the FCm continued routinely during the month. There were five 
unscheduled shutdowns with two due to faulty bypassing technique and three due 
to a faulty control rod magnet contact. The channel iron that holds the rod 
drive mchan.lsm on rod 100. 3 hed apparently been sprung causing poor contact. 
between the control rod end and the rod Vt. 

A three-day msintenance outage was ta.ken to drill a through-hole for flux 
traverse measurements 3-3/4 inches Wow the longitudinal center line of the 
reactor. 

The speed of rod lo. 5 was doubled by 
drive motor. 
meudrmrm allowed by the aperating standards. 
the other rods. Better reactor control will result as well as sane time sav- 
ings . 

the reduction gears in the 
The rate of reactidty addition after the cfiange Is half the 

Parts have been ordered to moilif'y 

Graphite cross section measurements were completed during the month. 

The first experiments for the gas-cooled reactor program were started. 

Drawings were prepared and work orders Issued for the graphite and alumipum 

taes for the1.007 percent enriched uranium, T-elment cluster experiment; 

Radiation from the moving face of the reactor contributes to short trorkbg 
time limits allowed for loading a,nd unl0ad;lng the test cells. 
ties of a radiation shield are being investigated. 
menta have been made by RMO personnel to provlde design information for the 
shield. 

The possibili- 
Radiation energy measure- 

Analysis of the data has not been completed. 

In the TPI mom, critical mas8 experiments were conducted during the first week 
of the month. 
ducted during the balance of the month. 

Experiments for the Lattice Neutron Temperature Study were COP- 

There were 7 unscheduled scrams during the month. 
operation of bypass switches. 
of some new ion chambers which were noisy, 

One was caused by faulty 
!The remajnlnn six occurred during the testing 

. ... ..* .*.. 

An automatic temperature contrdler has been built and connected to the pawer 
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circuits for the TPR temperature controlled therm3 column. 

BIQOCl AND mICIIoE - 6000 PROCRAM 

m- acxmcEs 

Atmospheric PhgSicS 

Arrangements between CE and the Division of Biology and Medicine, AEC, for the 
employment of Dr. Frank Pssquill as a visiting scientist for a period of one 
year were completed through BOO-AEC. 
employment was agreed to by ISM, both for his employment at Banford and for his 
occasional visits to other AEC sites. Hecessary arrangenents, within CE, for 
the employment of Dr. PasquU. neared completion at the end of March. 

Financial support for Dr. Pasquill's 

Acquisition of materials and preparations for the forthcoming stable atmos- 
pheres dispersion experiments -ere accelerated during the month. 
was executed by HOO-AEC for the erection of towers and poles, and work was be- 
gun on this aspect- of the experimental equipment. 
mental coume was completed except for a.n irregular extension of the southwest 
end of the 25,600 m arc. 
of an equal number of 3 EP gasoline engines to drive these ptrmps was scheduled 
for April 7-8. 
begun. 
Building for the duration of these experimen%s. 
these experiments was esselltiaily completed with the employment of two non- 
exempt personnel and the acceptance of job offers by three University of Washing- 
ton meteorology students. 

A contract 

Surveying of the experi- 

486 pumps and bases were received and the delivery 

Installation of the portable mast near the generation point was 
The control panel for the portable mast is to be located inside the 622 

Procurement of persomel for 

The latter persons will report on or about June 15. 

Analyses of the problem of significance of indiedual c0r;centration measure- 
ments and the development of significance tests for various models and their 
parameters were contimed. Various models which simplify the calculation of 
the flux of tracer material through sequential vertical cylindrical surfaces 
were also examined for suitab5lity. 
shape of the distribution func+ions involved, information which will not be 
available uutil the experimexts have been rm. 
has been made to keep preliminarj analyses systems as flexible as possible. 
The precise calculations necessary $0 flux and deposition salc-;llstions cannot 
be reasonably anticipated in their entirety until the actual basic data are 
in hand, however. 

In all of this work, much depends upon the 

On this account, some effort 

DOSIMETRT 

In the Body Monitor, tests are continuing of various photomultiplier arrange- 
ments for the large NaI crystal. 
between 9 and 9.5s. It was found that replacing the center tube with a reflec- 
tor changed the reschtion very little. 
indicated that practically all the & peak is due to the photomultipliers. 
Initial tests of a more miform array of six 3" tubes have given less satisfac- 
tory results. 

The seven 3" tubes gave excellent reBolution-- 

The resulting decrease in background 

The 256-channe1 anaiyzer beg= giving trouble. 
oae-half the month. Most cf the difficulty was with the live-timer. 
faults were corrected in the last week and it is hoped tha% this will remedy 
the situation. 

It was out of operation about 
Two basic 

.. .;, 

125XOb 
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Filters wem installed on the main building air supply 90 

double filtered. There has been PO further indication of 
CeY. 

that the cell air is 
contamina.t;ion in the 

A plutonium wound case was measured again and found to hsve 1.2 t 0.02 npc in 
his finger. A subject exposed to mixod fission product inhalation was examined; 
PO radioactivity wa~ detected. 

A new type! of charging belt, one filled with metal stS&es, was installed on 
the positive ion Van de Graaif in an effort to reduce sorue of the instabilities 
observed in recent months. 
was unAntentianally operated as an electron accelerator for a short time. A 
radiation monitoring device was fabricated to prevent recurrence of any similar 
accident by turning off the accelerator and s0mdin.g an alarm. 
is being aperated under SWP until the device is installed. 

As a result of incorrect installatian, the machine 

The Van de Craaf'f 

When the installation of the stapled belt was corrected, it was found to improve 
the perfornmce of the accelerator very considerably. Tests with threshold 
reactions indicate that the accelerator is much more stable. Other sources 
of instability have paw been found and corrected. A feedback system on the 
maeplet-curllent power supply reduced drifts in the current to about 0.01% per 
hour. 
tion of its input voltage. 

Drifts in the proton mQvemcpt detector were reduced by electronic regula- 

The scintillation transistorized alpha-beta-ga,unn8 hand and shoe counter was 
tested and calibrated and is now in general. operation in the 329 Bldg. 
weeks of continuous opemtion, no recalibration or maintenance work has been 
necessary. 
tion. 
distributed over a four-inch by eight-inch area, and it reliably indicates two 
to three times normal background for a distributed 15 millimicrocurie Eta D-E-F 
beta-g8nuna source. 
beta--). Circuitry pulse separation provides a separate, register indica- 
tion of alpha and beta-gamna. 

In three 

The instrumed is source-checked twice daily to insure correct opera- 
The instrument indicates twice background for a 500 d/m Pu239 alpha source 

The same probes detect both types of' radiation (al~ha and 

The dose-rate integrator, model I which utilizes the turning disk and the photo- 
cella, has been taken to the field for evaluation. The unit has operated satis- 
factorily for two mnths. 
period. 
These factors will be reduced in a second model. 

Batteries required changing after the two-month 
!The main complaints about the instrument were the weight and size. 

Fabrication of a second dose-rate integrator utilizing a commercial mechani- 
cal integrator has started. 

Two final model scintillation transistorized slow and fast neutron count-rate 
and dose-rate meters and two final model scintillation transistorized alpha- 
beta-- survey instnnnents have been completed by the instrument fabrication 
shop except for final probe assembly. 
completed transistorized CM's and scintillation transistorized gamma-energy 
myzers form the four basic integrated developed portable radiation instru- 
ments for future plant acquisition. All circuits are of the plug-in, modular 

These instruments along with the already- 

1252ig-l 
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construction, printed circuit types interchangeable in 
instrument to another. All experimental models of the 
have been prevlously thoroughly tested, evaluated, and 

kind from one type of 
above-named instruments 
accepted. 

A simplified testing unit for various transistorized printed circuit boards is 
about cmpleted. 
easily test the vs;rious developed transistorized circuits including amplifiers, 
mltivibrators, bi-es, and count-rate meters. 
reduce downtime of portable and fixed instrumentation using the plug-in tran- 
sistorized printed circuit components. 

The pinhole camera was tested with the accelerator. 
X-ray film, a dose of 500 mr from a point source at the face of the camera will 
darken the film. 
has solpe.radhactive material seeping under it. 
fleld tests have been obtained yet, 

The tester will enable maintenance personnel to simply and 

Such a system will greatly 

* 

Using Eastman Type KK 

Personnel at Purex requested some photographs of a floor which 
No satisfactory results from 

The alpha air fixed-filter counter was fabricated, tested, and delivered to the 
field. 

Two experimental, demonstration-model, nuclear incident alarm units were comp- 
leted and tested including exposure to a 30,000 r/hr gama field to insure alarm- 
ing under extremely high dose-rate conditions. 
reliably for about three weeks of continuous operation. 
ing chaage has been apparent even in the most sensitive case, using the booster 
transistor amplifier in the three weeks. 

The units have performed . 
IVo meter drift or read- 

The available alarm-point operation settable on the units with such stable 
operation is from one mr/& to more than 10 r/hr. 
10,000 to one. 
cells were used with NaI crystals. 
f~l for gazmna dose-rate fields exceeding 10 r/hr. 
tion nuclear incident alarm units use a phototube and a terphenyl-in-polyvinyl- 
toluene crystal as a detector. 
for about $250 per unit in lots of 10 to 20. 

The remaining three telemetering data stations were calibrated and aJJ. remote 
stations were insued. An inspection tour of the aata station positions by 
representatives of Radio WLntenasce, AEC, and EL0 revealed five stations to 
be inoperative becaase of faulty or damaged wind generators. The resuits of 
the inspection are to be forwarded to the con+ra,ctor by the NE. 

 lis is a dynamic range of 
As addenda experimental work, several cadmium sulfide photo- 

This type of detector was found to be use- 
The experimental demonstra- 

The complete package unit can be fabricated 

The new alpha source which was electrodeposited on platinum for the zinc- 
sulfide particle counter was received. 
due to cont-tes on the source itself. 
eliminated by attaching a metal ring to the photomultiplier tube to prevent 
the tube from seeing the scintillations on the source. The signal to noise 
ratio was decreased by a factor of two as compared to the old source. 
understandable since it was necessary to place the alpha source farther from 
the filter 83 the unit will accommodate two-inch filters instead of one-inch 
filters. 
that the electrodeposited source is evenly deposited. 

The source had considerable background 
The backgmund was almost entirely 

This is 

Variation caused by turning the filter were eliminated which indicates 
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The one square cm scintillation external probe for the scintillation dose-rate 
meter, Model II, has been received from Technical Shops and a preliminary cU- 
bration check made. The response appears linear mer the ranges tested and at 
the energy of the Ra source used. There is a beta to &emmra reeponse ratio of 
4.5. 

T& iwsstigation of detexndning the efficiencies of vartou~ ut pipes con- 
tinued with emphasis on beta-gaum detection. 

A dual beta-gama -be desi= has b@en cosrpleted aad !Cecbnicd shops have 
started the fabrication. 

!The magnetic sweep system of the ~DBBS spectKrm4ter for this. program was coslrp- 
leted in its fhaL form and satisfactorily tested. 
14 mass units at the mass 238 region. 

Effo&s towaad putting the entire ion-counting ion detection system into 
reliable opers'tion were temporarily suspended in order to meet the need for 
providing as soon 88 possible some anaLyticaJ. serrice to this program. The 
&ternate ion detection system consisting of the electron multiplier, vlbret- 
ing-raed electrometer and Brawn recorder were pub into aperation. Studies of 
the accuracy of isotopic ratio measurements and sample seneitirLties were begun. 

The mudmum sweep range is 

CusmmR Wmsc 

AIlaLog ConTputing 

A six-region xenon poisoning study has been completed for the PRm and a report 
is being prepared. 

A formal report on the SimtiLation of the PRllR costrol system is in preparation. 

The I(JpR open coolant loop frequency response is being studied. 

A study of water pump behavior for the IQPR design has begun. 

The simulation of an electromagnetic non-destructive test has been completed 
and a report, HW-59546, was issued. 

bbintenance requirements on the present computer are increasing; in particulaz, 
it appears that replacement of a large number of potentiometers throughou% the 
machine wlll be necessary. 

The bids for both the new recorder and computer ham been opened. 
corder has been ordered. 
end. 

The re- 
lzle computer order had not been placed at month's 
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Weather Forecasting and &teorology Service 

Tyye of Forecast 

8-110ur Production 

special 
24-Ho~r General 

Mumber Ikde 

93 
62 

124 

$ Reliability 

85.6 
85.3 
85.5 

Except for a little more wind than usd, arch was a near-normal month and 
was devoid of any notable extremes. 

Instnrmentation 

The main instrument unit of the sensitive gamm scintillation area monitor 
for the Regional Monitoring Operation was redesigned from the standpoint of 
layout for ease of maintenance. The 
original experimentd unit is still working quite satisfactorily and has been 
used in both aircraft flights and in boats on the river for sensitive gama 
area monitoring. The full scale first-range sensitivlty corresponds to 0.015 
mr/hr from a l~a gatma source. 

Acceptance tests were started on 47 new BAPO GM’s and eight Victoreen remote- 
area monitoring systems with a to= of 65 channels. 
tinued on scintillation alpha air sample counters while tests were completed 
on a 500-kc scaler stage and on standards for linear amplifiers. A survey of 
coIlrmercisl remote-area monitoring systems was finished. Assistance was given 
in evaluation of a gamma pinhole camera. 

The final unit is now being fabricated. 

Evaluation tests were con- 

optical 

Design drawings are being made and fabrication is about 56 complete on a scan- 
ning system which can be used in the six-inch diameter access holes on the rear 
shield wall of the reactors in conjunction with a TV camera to view the rear 
face. 

The modified slit camera for the lO5-C Fuel Inspection Facility was tested and 
demonstrated. 
metd shields. 
as cut film holders. 
obtained. 

Tests revealed light leaks which are being eliminated by sheet 
The film carriage is being adapted to hold film packs as well 

Several fine pictures of cyXindrical objects have been 

The routine Optical Shop work included the modification of a slit camera and 
a Redox crane periscope head; the fabrication of 20 glass bearings, borescope 
parts, and pyrometer components; the repair of a camera shutter; and the installa- 
tion of a new coolant system on a Jorgan Grinder. 

PF Gast:mcs 
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mer 
Physics and Instrument Research 

HANFORD LABORATORIES OPE~TION 
and Development 



B-20 

‘R 
m 

8 
n3 

8 
m 

‘R 
m 

8 
m 

B B B B B B B 

: 

e 

3 
0 

k 

!!I 3 

I 
w 

J 
d 

w 6 
d 



B-21 

G 

B m 
m 
0 

& 

. 
a, 

E 
5 0 

u 

Ln 
I 

s 

B a, 

2 

d 

rn 

m 

0 
o\rl 
\\ 
cr)M 5 

W 
k 

$ 
H' 

H 



B-22 

m 

Pi 

I 

i! 
I 

El 
0 
rl 

v: 
E 
E 
4 

E 
m 
s 
E 

6 
F 
r 
I- 
m 
I- * 

. 
3 

t 
9 

til 

4 4 
3 



c-1 

Chemical Research and Development 

FESEARCH AND ENGJIIZERING 

FISSIONABLE MAISRIAIS - 2000 PROCRAM 
IRRADIATION PROCESSES 

Decontamination of Reactor Components 

In studies on the dissolution of uranium dioxide (formed by exposure of uranium wire 
to hot water) by decontaminating agents under study, Turco 4501 and 4512, Wine 
permangaaate, and ApACE(I1) solution (ammonium citrate - ED!l!A) solubilized very 
little uranium. Peroxide in carbonate-bicarbonate solution did solubilize the 
uranium dioxide as did also the APACE( 11) solution when it was used following 
prior treatment of the dioxide with aUaline pemganate (APACE(1) solution). 
In similar experiments with irraaated uranium dioxide, it was shown that some of 
these reagents, particularly citrates, will desorb much of the fission product con- 
tent without dissolving the oxide. Adsorption of fission products from the uranium 
dioxide leach solutions by scaled and unscaled mild and carbon steel surfaces was 
studied. In general, carbon steel surfaces adsorbed fission products more strongly 
than stainless steel. 
solutions (5 to 15 per cent) but was markedly reduced by the addition of ammonium 
citrate and Dupanol. 
products were noted. 

Adsorption was particularly high from pemxide-carbonate 

Large differences in the adsorption of individual fission 

Coupon decontamination studies were concerned largely with modifications of the 
APACE process. Varying the acidity of the Step I1 solution from 4.5 to 9.0 de- 
creased decontamination by a factor of about 10 for carbon steel and 50 for stain- 
less steel. 
be reduced appreciably without serious loss in decontamination. 
citrate or sodium oxalate appears to be as effective as armnonium citrate in the 
Step I1 solution. 
surfaces is more difficult than when the contamination is adsorbed on a scaled 
surface. 
tion, acridine, thiourea, and 2-mercaptobenzothiazole showed the most promise and- 
will be investigated further. 

Preliminary tests indicate reagent concentrations in both steps can 
Either sodium 

Removal of fission product contamination adsorbed onto unscaled 

Among several corrosion inhibitors tried with the APACE Step(I1) solu- 

Flow Characteristics of an Aluminum Packed Bed 

Studies have been started to determine the flow characteristics of simulated reactor 
effluent water through beds packed with various forms of aluminum turnings. 
is part of a program directed toward the use of such material to decontaminate 
reactor coolant water. 

This 

The present experimental equipment consists of an eight-inch-diameter by ten-foot 
long column with taps every three feet for pressure 
pressures are measured with a Foxboro 0-200-inch DP 

- 
measurement. Differential 
cell . 

12522 I4 
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Initial studies of flow through a "standard" pa~u (25 aluminum turnings ca. 
0.005-inch thick by O.13-inch wide) packed to an average density of 4.37 lb/cu.ft. 
indicate so- bed compression with increased flow rate. 
higher rate of increase In pressure drop with flow rate thaa would be anticipated. 
Pressure drops at 290 gpm/sq.ft. are about 0.67 psi per ft. of bed. 

This results in a slightly 

Automatic Analyzing Monitor 

Work on the formel report for this development was in progress during the month. 
In conference with IPD representatives it was agreed that the instnupent should 
be placed in as ne= routine operation as is presently possible and that a careful 
search would be made for optimum locations for permanent installations of this 
and future instruments. 

Uranium Oxidation and Fission Product Volatilization 

Coil and crucible configuration for induction melting of mium was finned up 
after testa various designs. A compact arrangement was developed which permits 
the coil and crucible to be sealed in a metal tube of smdl diameter. With air as 
the iasulator between crucible and tube wall the temperalare of the tube did not 
-acceed 175 C when the crucible temperature was maintained at 1200 C. Designs of 
induction coil disconnects were developed. 

Scheduled elrperhents on the release of fission products from low level irradiated 
uranium in an air atmosphere were nearly completed. 
time, aud air flow rate on the fission product fraction released was determined. 
The deposition pattern after release was investigated with and without filters in 
the line. 

The effect of temperature, 

Xenon, iodine and tellurium behaved similerly. 
rate in proportion to the rate of oxidation of the uraniummetal. About 80 per 
cent of these elements was released when the metal was completely oxidized. 
heating periods did not drive off the remaining 20 per cent at a lU5 C furnace 

These elements were released at a 

Longer 

temprature. 

As expected, increased temperature caused an increased fission product release 
rate for each of the seven isotopes studied. 
gated was 620 - 1440 C . Air flow rate was found to have a minor effect on the 
total amount released but strongly affected the deposition pattern after release. 
A much higher fraction remained in the furnace tube at low air flow rates. 

The range of temperatures investi- 

Ruthenium behaved peculiarly. At lU5 C it was released at a steady rate until a 
total of 2 per cent was volatilized up to the time of complete uranium oxidation, 
or in about 50 minutes. 
total of about 46 per cent was released during an additional 70 minutes of heating. 

!l!hen a greatly accelerated release occurred until a 

Reactor Effluent 

IEM-tabubted chemical analyses of retention basin samples and related operating 
conditidns for the last eight months of 1958 were received; release rates for 

1252215 
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AsT6 and P32 for each reactor were studied along with the data from the previous 
three years. 
well as definite increases each year. 
future individual reactor release rates in the event of process or production 
changes 

Both isotopes continued to show consistent seasonal variation as 
The data will prove useful in predicting 

Analytical Services 

Arsenic-76 is being reported with 2 10 per cent error at the 95 per cent confidence 
level. 
refinement . Use of a two liter sample and spike solutions helped meet that needed 

Recovery of Neptunium in -ex 

Operational difficulties encountered with the dichromate-oxidized 2A recovery 
flowsheet used in the last plant run prompted experimental studies of alternate 
methods for effecting extraction of neptunium in the 2A column. 

Batch extraction studies with plant 3WB revealed little difficulty in effecting 
extraction of neptunium by use of reductants. 
tractions of 3WB (adjusted to 8 M HNO ) were made at 50 C. 

lated the waste (dilute uranium) end of such a column. 
ratios obtained with various 3WB feed treatments indicate that partial recovery of 
the neptunium in 3WB could be effected with no treatment other than the evaporation 
and storage at elevated temperature which 3WB customarily receives. 
complete recovery appears easily possible by addition of ferrous sulfamate and hy- 
drazine to the feed. 

In these tests two successive ex- 
The first extraction 

simulated the feed point of an &tra,c 2 ion column while the second extraction simu- 
Meptunium distribution 

However, nearly 

Subsequent studies with synthetic 3WB indicated that neptunium could be readily 
reduced to neptunium(IV) and extracted out of 8 M HNO3 by addition of either 
sodium nitrite or ferrous sulfamate and that the-concentration of ferric and 
sulfate normally present in 3WB did not significantly haqer the extraction of 
the neptunium. 
distribution coefficient of about 0.3 with a 2 M - HmO3 scrub. 

These studies thus confirmed results obtained in previous anion exchange work, viz., 
that neptunium(;IV) can be readily formed in 8 M - HNO3 and is rather stable at this 
acidity and nitrate concentration. 

These studies also indicated a workable scrub section neptunium(IV) 

Mini runs were made to test the feasibility of recovery of neptunium from 3WB by 
two approaches. The first attempted to effect recovery of neptunium by extraction 
of 3WB with 30 per cent TBP to which had been added about 0.001 M nitrous acid. 
This approach seeks to establish an appropriate aqueous phase nizrous acid concen- 
tration profile in order to catalyze oxidation to neptunium(V1) by the nitrate 
present in the aqueous phase. 
of neptunium extraction in the HA column and has been used successfully in the 
plant HA column during the last two run periods. 

It proved successful in earlier laboratory studies 

However, the Mini test of this 

I2522 I b 
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approach with 3WB resulted in high in- reflux of neptunium with the 1.5 M 
mO3 scrub streeun used to effect adequate scrubbing of nitric acid out of the- 
2AP. This, together with tk brief aqueous phase hold-up time in the 2A extrac- 
tion section at rates projected for the plant run, indicated that only marginal 
neptunium recovery could be guaranteed in a plant run using this approach. 

A Mini run in which 0.05 M ferrous sulfamate and 0.05 
both feed (3WB at 8 M ENO-) and scrub (2 mO3) resulted in satisfactory neptun- 
ium recovery (to a &te ? 08s of about 0.2 per cent) but virtually total internal 
reflux of plutonium. 
chaage wrk in which clean separation of neptunium and plutonium could not be 
obtained with 8 - M EN03 feeds. 

On the basis of earlier anion exchange experience reduction of the feed acidity 
to 6 M EN03 should give improved plutonium separation and should require only a 
slighz increase in solvent flow aver that used in the Mini run. 
flowsheet planned for the next plant I;un will e@oy a 6 M mO3, 0.05 M ferrous 
sulfamate, 0.05 M hydrazine feed and a 1.5 M ENO3, 0.05 M-ferrous sulfbte, 0.05 M 
hydrazine scrub zolution. The uranium-bearLg neptunium-extract from the 2A cob6 
will be processed through the IX-IB8 columns to effect sepsration of neptunium and 
uranium (a flowsheet used successfully in previous plant runs). 
centration and purification of the neptuniumwill be effected by a 2A-2EI total 
reflux flowsheet (likewise wed successfully in previous plant.runs). 
sheet will therefore retain much of the cost advantage resulting from use of the 
2A column rather than the HA coluum ard hopefully will avoid problems of the 
nature encountered with the dichromate flowsheet. 

hydrazine were added to 

This again confirms results obtained in earlier anion ex- 

Accordingly, the 

Additionsl con- 

This flow- 

Specific Alpha Activity of Neptunium-237 

A consistent difference of about three per ceat between the results of neptunium 
dete-minations by alpha counting and by coulometric titration has been resolved 
by a redetermination of the specific activity of neptunium-237. 
the specific activity of neptunium-237 is 1562 i 7 disintegrat ons per minute per 
microgram wuch ccrresponds to a half-life of 2.14 f 0.01 x 10 
viously accepted half-life was 2.2 i 0.1 x 10 6 years. The determination-yas msde 
both by using low geometry absolute alpha couating acd 47Xiquid scintillation 
counting with knom amounta of nephnium-237. 
were kr~own from $be make-up of a solution prepared from purified neptunium metal 
and rechecked 3y coulometric ti5ration. 

It was found that 

8 years. The pre- 

Tbe aslouts of neptunium-237 counted 

Tritium Processes 

kitial testing of the palladium absorptiori material prepared by scrbing 
tetrschloropall8date ion on anion exchange resin and decomposing was not success- 
ful. This was appazently due &% incoorplete decompositioc of %he resin, as tars 
xere evolved in the chromatographic ms. Separation was insignificant. 

Analfiical Services 

Analysis of organic phase neptunium was simplified by hydroxide precipitation of 
nep-taizrm from alcohol. The organic sample was dissolved in five volumes of ethyl 

4sEB3 
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alcohol and aqueous Np239 spike and uranium carrier added. 
pitated with alcoholic potassium hydroxide. 
nitric acid and treated as a normal aqueous sample. 
neptunium was carried. 

The uranium was preci- 
The precipitate was dissolved in 

More than 98 per cent of the 

An eight-foot modified Junior Cave was obtained from Chemical Research and moved 
into 6-3 the latter psrt of the month. 
expedient to reduce personnel exposures when aliqwting, titrating, and handling 
dissolver solutions and 1WW waste samples. 

The cell installation is a temporary 

A nrstrix for eleven isotopes measured in crop and vegetation samples was prepared 
for test programming on Data Processing equipment. 
9 ounce jar placed on top of 3" x 3" NaI (TI.) crystal was used. 

The geometry of a filled 

A flame photomtric method has been adapted for the determination of aluminum with 
f 5 per cent error at the 95 per cent confidence level. 
was extracted into hexone which was aspirated. 
zinc did not cause interference. 

Aluminum-cupferron complex 
The presence of 20 to 100 mg of 

Daily plutonium standards for coulometric titrations showed a precision of f 0.8 
per cent at the 95 per cent confidence level over a two-week period of operation. 

wAsm 7BEuBmT 

Solvent Extraction of Fission Products 

A series of scouting experiments are being performed to determine the potential of 
fission product solvent extraction for waste treatment or fission product recovery 
applications. 
hexyl phosphoric acid (REHPA) in Amsco and four per cent tall oil in chloroform. 
Extraction of gross beta activity from synthetic 1WW spiked with plant waste was 
studied as a f'unction of pH. 
7.2 with -A and of 63 per cent at pE 10.3 with tall oil. 
product of the distillation of wood (by-product of turpentine manufacture) and is 
primarily a mixture of high molecular weight fatty acids and rosin acids. 
purified individual acids are available from this source at reasonable cost. 

Two extractants have been used to date: two per cent di-2-ethyl 

Extraction reached a maximum of 42 per cent at pH 
The tall oil is a 

The 

Fixation of Purex Waste by Spray Calcination 

Powders with and without phosphate and prepared by spray calcination of synthetic 
Purex 1WW solution were heated to ea. 900 C. The phosphate containing product 
melted to a dense glass but provedyery corrosive to iron or nickel crucibles. 
In plant application, this glass will probably require ceramic crucibles for 
fusion. The phosphate-free calcined 1WW did not melt under these conditions but 
sintered to a compact mass of fairly high density. 
calciner powder to sintered product was six to eight fold, and this material did 
not appear to be corrosive to iron. 

Volume reduction from spray 

I2522 I8 
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Fixation of Pura Waste by Batch Calcination 

Four prelhhary scouting runs utilizing urragitated batch calcination techniques 
have been performed. 
stability of "formaldehyde-killed" and three-fold concentrated Pura 1WW have 
been used as feed. Two techniques have been briefly tested: (a) dropwise addi- 
tion of the solution into a hot (1OOO-l.lOO C) calcination vessel in which drying 
and calcination are performed essentially simultaneously, and (b) preconcentration 
to a thick sludge followed by drying and calcination at temperatures up to 800 C. 
Although very little quantitative data have been obtained on the resulting calcines, 
results of these early rup~ are encouraging. The bulk volume of calcined product 
varied fivm about 12 to 37 per cent of the concentrated feed. 
resulted from Operations where nearly complete melting of the calcine was achieved. 

Semiworks Fluid Bed Calciner 

Site preymation, equipent fabrication, and equipment procurement for the semi- 
works calciner have been initiated. 
design is about 70 per cent complete. 

Solutions simulating the approximete limit of chemical 

The lowest volume 

Preliminazy design is completed and final 

AIVL Fluid Bed Calcination Studies 

Scouting calcination studies on synthetic Pura 1WW in a 6-inch fluid-bed waste 
calciner have continued at AI&. 
duration) has employed a feed of simulated Purex lWW, feed rates of 6 liters/ 
hour, and calcination temperatures of 350 to 500 C. 

!Ihe majority of the runs, to date (of 6-7 hours 

Operations at calcixation temperatures of 350 to 400 C resulted in a product with 
a tapped bulk density of r~ 1.2 g/cc. 
The major problem encountered at these temperatures was the fornration of +20 
msh-size irregularly-shaped lumps (8- to Grape-Nuts). 
although sormewhat adversely affecting fluidization chaFacteristics, did not tend 
to buildup in the bed over the 6-7 hour runs. 

Operation at 500 C was markedly improved over that at 350-400 and was characterized 
3y a decrease in the +20 mesh fraction and an increase in the +60 and +80 mesh 
fractions, with an attendant improvement in fluidization characteristics. 

(No other analytical data were available . ) 
The +20 mesh fraction 

Future work will employ a low-acid feed SW to that resulting from nitrate 
destruction by formaldehyde and subsequect three-fold concentration (the approxi- 
mate limit of chemical stability). 
increased to twenty-four hours or longer. 

In addition, the length of runs will be 

Observation Wells 

No significant changes were observed in the extent of ground water contamination 
from disposal facilities in the chemical rocessing areas. Wells monitoring 
the 216-BY crib site continued to shar Cog' concentrations up to 10-4 uc/ml 
Reperf-tion of wells in this axea did not change the concentrations of Co 
found. 

60 

4Es- 
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Disposal to the Ground 

Studies were continued on the efficiency of. various anion exchange resins for 
removal of Pu from CAW (Recuplex) waste. A new sample of Permutit SIC resin was 
obtained and tested. Both column and equilibrium studies verified the previous 
poor uptake data for this resin as compared to other resins tested. 
temperature and a flow rate of 3.5 ml/cm2/min., 5 per cent breakthrough was found 
at 15, 90, and 225 column volumes for 20-50 mesh Permutit SI(, Amberlite IRA-401, 
and Amberlite IRA-400, respectively. 
50 - 100 mesh, and flow rate of 6 ml/cm2/min. gave a 5 per cent breakthrough at 
245 column volumes. Column elution studies showed 95 per cent removal of Pu at 
2.2, 4.1, 16, and 15 column volumes for Permutit SK, Dowex Ur4, Amberlite IRA-401 
and Amberlite IRA-400, respectively. 
25 C. 

At room 

A Dowex 1x4 column at room temperature, 

All results reported to date are for about 
Column uptake and elution studies were started at 60 C. 

Current engineering and laboratory data applicable to the recovery of plutonium 
from Recuplex process waste by anion exchange were presented to engineers in the 
Research &Engineering Operation, CPD. 
detail design of the proposed prototype resin column. Calculations indicate that 
the available fluid heed will be ample for a gravity-feed system if the solids in 
the waste do not seriously plug the bed. Tests will be conducted to evaluate the 
effect solids may have on the pressure drop across a resin bed; backwash character- 
istics will also be investigated. 

Sufficient data are available to begin the 

Special Geological Studies 

Well drilling by the Artesian Well and Pump Company (Project AT(45-1)-1255) and 
the Midland Drilling Company (Project AT(45-11-1406) on current contracts was 
completed. Installation of well screen, development and a pumping test on well 
69-3-53 remain to be done by Artesian Well and Pump Company. More than 500 
pounds of bentonite were used in drilling the well, below the water table. At- 
tempts will be made to remove the bentonite using staadard development procedures 
and special detergents in order to recreate the pre-existing aquifer conditions. 
Inasmuch as the well was drilled to determine these conditions, assurance will be 
lacking that the goal was attained. 

TRANSURANIC AND FISSION PRODUCT 

Multicurie Cell Rare Earth Recovery Investigations 

Analytical results on the cerium recovery run made last month and preliminary 
results and observations on runs performed this month indicate very poor flowsheet 
performance. 
fuged volume) ferric sulfate precipitate greatly increased the bulk of rare earth 
sulfate product. 
only partial dissolution was obtained in water or dilute nitric acid (the ferric 
sulfate, however, appeared to be preferentially solubilized by oxalic acid) . 
Supporting studies show that the reasons for these difficulties are the decrease 
in 1WW volume per ton of feed processed and the increase in total process iron 
since the cerium recovery process was developed (IN-54500). 

Cerium recovery was very low and a voluminous (50 per cent centri- 

This interfered with subsequent dissolution of the cake, and 

These changes have 
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resulted in a five fold increase in total iron concentration, leading to the ob- 
served ferric sulfate precipitation. 
difficulty can be alleviated or prevented by: 
neutralizing to a lower pH (0.5 vice 2), or (3) centrifuging at an elevated temper- 
ature to take advantage of the retrograde solubility of the rare earth sulfates. 

Tracer level experiments suggest that the 
(1) diluting the 1WW feed, (2) 

In other multicurie cell experiments with a new sample of plant waste, the zirconium- 
niobium bearing precipitate in as-received 1WW was found to consist of tvo phases, 
one easily and the other difficultly removable by centrif+u@ion. 
appears to be distributed more or less mn-preferentw between the two phases. 
The heavy solids settled readily on stan- and centrifuged to a volume of about 
2.5 per cent. 
for five minutes to 1,200 G, but were removed by 15 minutes centrifugation to a 
centrifuged volume of five per cent. 

Zirconium-niobium 

The light solids did not settle and were not remved by centrifugation 

PromethiumRecovery and Puriiication 

A promethium recovery process is being studied and includes the following steps: 
(1) isolation of a crude reme earth mixture from &ex NW, (2) removal of cerium 
from the rare earth mixture, and (3) separation of promethium from the other rare 
esrths. 

Study of the first step, largely from the standpoint of cerium recovery, has been 
under way for some time, and the results of current studies with plant waste are 
reported elsewhere. PreUmInary experiments with samarium as 8 stand-in for pro- 
methium (which has no natural isotopes) gave 93 per cent samarium sulfate precipi- 
tation. Separation of cerium from the other rsre earths by oxidation with perman- 
gana%e and precipitation as the iodate has been repeatedly demonstrated and works 
well. However, other cerium-rare earth separations are being investigated in order 
to minimize the corrosion and ruthenium volatilization problems which might result 
from plant application. 
promethium will be separated from the other rare earths and purified by a variation 
of the Ames cation exchange resin - EDII# method. Principal uncertainty is in the 
extent of radiation induced resin damage in the third step, and innovations will 
be aimed at increasing through-put rates and decreasing hold-up tlmes to.minimize 
this factor. 
be attainable. 

Following removal of the highly radioactive cerium, the 

Promethium product purities well in excess of 99 per cent should 

Xenon Isotope SeparaUons 

The Atomic Energy Commission has requested that a study be made of the recovery 
and separation of Xenon isotopes from dissolver off-gas streams. In support of 
the isotopic separation portion of this study, the scope design of a pilot unit 
providing separation by thermal diffusion is currently under my. On the basis 
of theoretical calculations, two columns of the single stage, concentric tube- 
type have been scoped. Their dimensions me: 
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Length Innertube Outertube 
Design (meters ) O.D., cm O.D., cm Gap cm 

1 6.0 3.41 4.68 0 635 

2 6.0 11.46 12.74 0 635 

Design 2 is included to determine whether increasing the column size can be used 
as a means for increasing production capacity and consequently making single stage 
apparatus practical for plant use in spite of some theoretical indications to the 
contrary. The operating temperature of the hot surface of the inner tube is cal- 
culated to be 879 C. The optimum pressure appears to be 0.4 atmospheres absolute. 

Fission Product Isolation and Packaging Prototype 

Three major pieces of equipment remain to be completed in the fabrication of the 
Cesium Isolation and Packaging Prototype. The hydrolyzer is expected to be com- 
pleted about the first of April; while the capper and the hopper and crystallization 
assembly are expected to be completed by the end of April. 
ment is in location at the 321-A Building and is undergoing calibration and 
preliminary testing. 

Studies are being made to explore the possible use of the prototype for various 
fission products. 
packaging strontium and cerium is documented in aW-59767, "Alternate Uses for 
Cesium Isolation and Packaging Prototype Equipment." Briefly the report indicates 
that an estimated $120,000 and a 16-month modification period would be required to 
permit packaging more than 500 megacuries a year of strontium fluoride. 
totype could be used with essentially no modifications for packaging more than 
1000 megacuries a year of cerium oxide. 

The rest of the equip- 

The initial study presenting the modifications required for 

The pro- 

ANALYTICAL AND msm- CHEMISTRY 
e 

Self-Balancing X-Ray Absorption Instrument 

The development of a prototype model of a self-balancing X-ray absorption instn- 
ment (X-ray photometer) is almost complzte. 
principally for in-line analysis applications where it may advantageously replace 
gamma absorptiometers in some locations because of the much higher photon inten- 
sity of the X-ray source. 
sources are the added bulk and the added maintenance of the X-ray head. 

The instrument has been designed 

The main disadvantages as compared with radioactive 

The present instrument prototype uses an air-cooled, medical-type X-ray head, a 
split beam, and dual ion chsmber detectors. Two basic systems have been tested; 
an AC type and a E type. 
the AC system mst be mounted at the detector, whereas the DC system can be 
remotely located, permitting easier maintenance of the elecixonics in a "Separations 
Plqnt" installation. 
system:was tested. 
to a 0 to 100 g/l uranium range. 
per cent standard deviation. 

Although slightly more reliable and more sensitive, 

A transistorized AC system as well as an all electronic AC 
The range of the instrument can be adjusted from a 0 to 30 g/l 

In all ranges, the precision was better than 1.3 

I252222 
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A journal mede of comnVerc1aU.y pure titanium was tested for conrpatibillty with a 
boron carbldc bearing. 
ated at about 3000 rpm when submerged in water and radially loaded with about 
10 psi. 
bility of this combination when operated under the described conditions. 

On two trials, the combinstion seized Quickly while oper- 

Titanium transferred onto the boron carbide demonstrating the incompati- 

Combination Pomp -Agitator 

hitial experbents on a combination pup-agitator have demonstrated the basic 
workability of tbe concept. To provide the combination pump-agitator, holes 
were drilled in the casing of the bottom stage of a Johnston deepwell turbine 
pump. 
charged through the casing holea to agitate the tank contents. 
studies have demonstrated that a horizontal cylindrical 30,000 eon tank (approx. 
lO-feet in diameter, &-feet long) can be homogenized in approxhately an how. 
Such a pump-agitator combination could find widespread separations plaut use since 
two tank operations can be performed using the same electrical supply system 
(motor and jumpers). 

A small fraction of the liwd passing through the bottom stage is dis- 
Initial agitation 

Completion of Conical Sling- Seal Studies 

The Johnston deepfell turbine pump used for testing of the conical sllnger seal 
(spwed-coned assembly) has been dismantled after 2700 hours and inspected for 
wear. 
evidence of seal leakage could be found. 
be stored in 300-W. No further testing is contemplated. A seal of this type has 
been recommended for instaUation on the L-cell (plutonium solution) pumps in 
-ex. 

neither the slinger cone nor the graphite face was noticeably worn. No 
The unit is being reassembled and will 

Archimedes Screw Metering Pump 

The Archimedes Screw metering pump, described in the January report, has been 
transferred to CPD for use in the 224-U Bullding. 
for use as a reliable low-flow metering pump, it will be used in 224-U as a 
proportional liquid sampler. 
liquid sample continuously from the building condensates for subsequent laboratory 
analysis. 

Although OrigInaUy designed 

It will be adagted for taking a carefully measured 

Plastic Casting Studies 

Assistance has been given the Engineering Operation of Fuels Preparation Department 
in the development of an improved ultrasonic device for detecting imperfections in 
the bonding layer of I and E slugs. 
development of plastic casting methods for certain of the detection probe parts 
which were subject to frequent failure. 

Our assistance has been primarily in the 

Field experience with a probe employing 

It 2 5 2'2 2 3 
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a new type cast epoxy crystal holder has shown 
imperfection detection sensitivity, presumably 
properties of the epoxy resin crystal holder. 

Plastic casting techniques have been developed 

a marked improvement in bond-layer- 
resulting from the better acoustical 

for maklng replacement parts for 
portable radiation detection instruments. 
trained in these techniques. 

Inatrument shop personnel have been 

Corrosion of ~i-6A1-4~ UOY in am03 

A titanium alloy, Ti---4V, is under consideration as a mater- of construction 
for the entire loop of the Redox product concentrator. 
corrosion rates for this alloy in boiling 65 per cent nitric acid of about 0.3 
mil per month. These rates were confirmed. However, in boiling 5 M nitric acid, 
corrosion rates of from three to five mils per month for specimens Es received, 
welded, and coupled to tantalum were obtained. These rates are higher .than those 
observed for 3044 stainless steel mder the same conditions. 
observed for A-55 titanium under the same conditions were less than 0.01 mil per 
month 

Literature data indicate 

Corrosion rates 

Corrosion by Dibasic Aluminum Nitrate 

Aluminum (606l-T6) and 304-L stainless steel were exsmined as possible construction 
materials for containing dibasic aluminum nitrate (diban) as proposed for use in 
the Redox process. 
1.5 to 600 mils per month in 4.17 M diban as the temperature was increased from 
25 to 106 C. Aluminum does not apzear suitable for this service. 
conditions, corrosion rates for 304-1, stainless steel were less than 0.1 mil per 
month 

Corrosion rates for the aluminum material increased from about 

Under the same 

Assistance to Chemical Processing Department 

The dual jet sample jumper for the Redox F-I (UIFS) sampler has been installed. 
' 

The system provides adequate sample flow but the sample appears to be diluted ' 

somewhat, with steam from the bleed to the jets. 
stalled on the sampler line (in the sample gallery) to stop the flow of steam and 
motivating gas to the jets in the event the sample line should become pressurized 
due to plugging in the discharge line of the first stage jet. 

A pressure switch is being in- 

UOq Plant Calciner Automation 

Four Fischer-Porter Magnetic Flowmeters have been installed in the feed streams 
to the K calciner. Since this installation, K calciner has been started up three 
times and shutdown twice with greater control than has been recently obtained. 
Powder temperatures have been maintained at 520 F within plus/or minus 1 F during 
steady state conditions, as compared with temperature fluctuations of plus/or 
minus 25 F which had occurred when the "sticking" rotameters were used. The in- 
herent noise signal present in the Fischer-Porter system has been effectively damped 
out-by the long length of pneumatic line connecting the secondary instrument and 
the feed recorder coctroller. 

- 
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IC Column Studies 

Three methods of analyzing the column contents to show the distribution of uranium 
between the two phases and the ratio of the tV0 phases to each other throughout the 
column are being investigated. 
trapped betveep the plates of the cartridge asl;cr the pulser and feed pumps are 
shut off. Another is a smelL hold-up uraaium photometer thst withdraw6 a continu- 
ous sample directly from the columns. (The closely spaced, -us wetted viewing 
windows exclude the organic phases of the mixed phaae senrgles from be- viewed.) 
The third is 8 phase selective photometer of very d dimensions designed to be 
inserted directly into an operating column at a number of points through sealed 
ports. Each of these have distinct advantages and disadvantages and each will be 
investigsted further. 

One is a photometric device that analyzes the phases 

Mechanical Head-Ehd Studies 

Shear NaK Studies. 
handling tbie small sodium and NalC reservoirs present in some of the fuels to be 
handled in the non-production f'uel reprocessing grogram. 
containiq sodium have been sheared underwater with inert gas blanketing the gas 
sgece above the shear blade. 
been sheared in a single blade stroke without incident, the results are not con- 
sidered representative of plant conditions. 
tubing collapsed and minimized the area of sodium-water contact. Consequently the 
reaction was not 80 violent as it would have been under actual plant shearing con- 
ditions when greater than 50 per cent of the tube area would remain open. 

Studies are currently being made to develop safe methods for 

In recent studies tubes 

Although capsules containing up to 100 grams have 

In these experiments the thin wall. 

To determine the violence of the NaK-water reaction when NaK is free to react . 
completely with water, small bottles contaw up to 8 grams of NaK were fractured 
by the shear. Although the hydrogen generation rate was considerably greater than 
in the sodium experiments discussed above (sufficient to force water, gas and some 
NaK particles from the shear feed port), it was found that the inert-gas blanket 
was effective in preventing burning and explosions in the shear gas space- 

From these experiments it is concluded that sodium and/or NaK can be safely reacted 
under water employing inert gas blanketing as low as it is reacted a little bit 
(say up to 5 or 6 grams) at a time. 
made to develop sawing and shearing techniques which wU permit meeting NaK a 
little bit at a time. 
elements Eanford is to process. 

Consequently in the future, studies are to be 

Such techniques are compatible with the NaK-containing fuel 

Shear Blade Performance. 
non-production fuels geometry has been chopped with an alloy steel shear blade, 
without significant attrition of the blade. 
tested, has made several thousand cuts totalling approximately 5000 sq.in (cross 
section area) of materid cut. 

!Fhe equivalent of one ton of fissile material in typical 

The blade, currently being life- 

1252225 
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sawiw Studies. Sawing studies have been made during the month using a dry friction 
blade for cutting Zircaloy tubing. In addition to the basic sawing studies, an off- 
gas filtration system including a rotoclone and a filter assembly was installed to 
permit studying of the particulate generated during the friction cutting operations. 
Although quantitative informetion is not currently available from these tests, the 
following pertinent observations were made: 

1. Some burning of smaU chips and fines occurred in the saw hood during 
the friction cutting operation. 
Zircaloy tube proper. 

Burning did not propogate along the 

2. All particulate generated was not oxidized or burned. 
of the material collected in the rotoclone hopper was metallic zirconium. 

Approximately 45 s~uare inches of Zircaloy tubing (approximately 3/16-inch 
thick cut) were cut during the test. This represents roughly the cutting 
required in trimming the "hardware" from one ton of power reactor fuel 
uranium. Although approximately 85 per cent of the Zircaloy powder was 
trapped in the rotoclone, sufficient 3 to 10 micron particles passed 
through the cyclone to plug the filter assembly. 

Up to 10 per cent 

3. 

011 the basis of these studies additional methods are to be explored for handling 
saw particaates. 
In addition, "cold sawing" is to be investigated as an alternate to friction 
sawing. 
Motch and Merryweather Company in Cleveland, Ohio. 

Liquid spray scrubbers and underwater sawing are to be'studied. 

During April, cold sawing feasibility tests will be performed at the 

Feed Preparation 

Dissolution of Uranim-Molybdenum Alloy. 
the presence of ferric nitrate in the dissolvent during dissolution of uranium- 

Early in the mnth it was observed that 

molybdenum alloys permits dissolution, without solids formation, to higher terminal 
uranium concentration and lower terminal acidity than has been possible with either 
nitric acid alone or with nitric acid - aluminum nitrate - hydrogen fluoride combin- 
ations. 
traction feeds from uranium-molybdenum alloys without the use of fluoride contain- 
ing solutions. With one molar ferric nitrate present, U - 3 w/o molybdenum alloy 
could be dissolved to terminal uranium and free nitric acid contents of one and 
0.2 M, respectively, without appreciable solids formation. Similar results were 
obtaTned with U - 9 w/o molybdelrum alloy. The free acid of such solutions, when 
cooled, can be reduced to less than zero with dibasic aluminum nitrate or caustic. 
Precipitation of ferric hydroxide appears to limit the extent of neutralization 
possible. The pH of the neutralized solutions is still less than zero. Plutonium 
is readily oxidized to &(VI) in these solutions by dichromate. A series of solu- 
tions prepared by dissolution of uranium-molybdenum alloys and conlaining varying 
uranyl nitrate, ferric nitrate, and free nitric acid has been set aside for ob- 
servation of stability during long term storage at 25 and 50 C. 

This observation has been exploited as a means of preparing solvent ex- 

125222b 
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It was fusther observed that the presence of ferric nitrate increases the dissolution 
rate of uranium-molybdenum alloys, uranium metal, and urauium dioxide by nitric acid. 
The most pronounced increase in dissolution rate occurs at 1;aw acid where the dis- 
solution in nitric acid alone becomes ve~y slow. 
shorten time cycles in batch dissolution to no heel. 

This property may be use- to 

Behavior of Expl osive Urani~-zirconium Residues in Zirflex. 
workers has demonstrated that annealing beet trea-ts of uranium-zirconium 

Exgcrience of other 

alloys which produce the delta phase (formerly desigDsted the epsilon phase) lead 
to explosion hazards in nitric wid dissolution of such alloys. 
tion of alloys containing the delta phase results in isolation of the delta phase 
ae a powder residue. 
capable of explosively violent oxidation reactions when subjected to a sharp impact 
or an electrical spark. 

Attempted dissolu- 

plis residue has been demonstrated to be pyrophoric and 

Since a uranium-zirconium alloy will exist in the dif'fusion layer of uranium metal 
fuel elements ll~etallurgically bonded to Zircaloy jackets (a fuel under consideration 
for tk NPR) some concern was felt for hazards which might arise from formation of 
the delta phase in ibis diffusion layer. 

Since the Zirflex process vlll be used to declad these fuels, experimental studies 
were initiated to determine if the -lex decladdFng process would dissolve or 
desensitize delta me uranium-zirconium alloys. 
are encouraging. 

The technique which bas been used for prepazstion of explosive residues is that 
described by Schulz, Scott, aad Voiland, viz., heat treatment of uranium-zirconium 
alloy8 t3 form the delta phase followed by partial anodic dissolutionof the sample 
in cold dilute nitric acid. 
solution of the bulk alloy. Powder residues are formed, however, which on drying 
and sparking with a Tesla coil oxidize in a thoroughly authoritative manner (i.e., 
"explode"). 
cut in that residues formed in this way do not dissolve entirely In the Zirflex 
decladding media (aqwous ammonium fluoride or anrmonium fluoride - ammonium nitrate 
mixtures). However, the more reactive constituents do dissolve rapidly Zirflex 
decladding media. !This has been verified both by sparking tests and by comparison 
of X-ray diffraction patterns bezore and af'ter treatntent with the -lex reagents. 

Results to date, while preliminary, 

anodic dissolution results in fairly rapid dis- 

Ple results of the tests conducted thus fsr are not entirely clear- 

In all cases the residues remining after Zirflex treatmeat are quite inert in 
the spaxking test. Similarly, cornprison of X-ray patterns shows in all cases 
rapid disappearance of the most prominent lines apparently associated with the 
reactive portion of the residues. 

Quite recent results suggest tbt the Zirflex-insoluble residues obsemed in these 
tests may be formed h the anodic dissolution procedure used to prepare the reactive 
powders (e.g., zirconium oxide). 
heat treatment Imown to produce delta phase did not produce powder residues when 
exposed directly to the Zirflex decledding medium, although corrosion of the alloy 
did occur. 
Zirflex decladding operation will result in complete dissolution of the zirconium 

A bulk uranium-zirconium alloy subjected to a 

Thus there is considerable basis for optimism that the conventional - 
1252221 
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present in the diffusion layer on metallurgically bonded uranium fuel, thereby 
eliminating the possibility of isolation of powder residues in subsequent nitric 
acid core dissolution. 

It should be recognized, however, that the Zirflex process planned for the NPR 
fuel elemnts will not be capable of dissolving the zirconium out of bulk high- 
uranium, low-zirconium alloys. The only hewn safe dissolution approach for such 
alloys entails inclusion of sufficient fluoride (in excess of 4 mles fluoride 
per mole zirconium) in the nitric acid dissolving medium to assure that the 
zirconium in the alloy is dissolved Bs rapidly as the uranium. 

Dissolution of Uranium-Zirconium Alloys. 
attempting to define the effect of aluminum nitrate and hydrogen-fluoride on the 
formation of explosioa sensitive surfaces during the dissolution of uranium-low 
zirconium alloys. 
alloy. 
of about four prevented sensitive surfaces. With aluminum nitrate present, the 
P/Zr mole ratio required to grwent sensitive surfaces is greater than four. With 
0.5 and one molar aluminum nitrate present, sensitive surfaces were obtained at 
F/Zr mole ratios of eight and ten, respectively. 

Exploratory experiments-were &ne 

The studies were done using a U-5 weight per cent zirconium 
In the absence of aluminum, a fluoride to dissolved zirconium mole ratio 

Sensitive surfaces formed by anodic dissolution of U - 5 weight per cent zirconium 
in one molar nitric acid were completely de-sensitized in less than 30 seconds 
exposure to boiling 3 - M NHl+F-0.5 - M rJHqnO3, Zirflex reagent. 

Sodium Dissolution. 
reaction of submerged metallic sodium with cold 13 M EN03 were made using an un- 
bonded strain gage and recordbg oscilloscope. ReaFtions were carried out in an 
8-inch pipe (open at the top) eqploying submergences of 3-8 feet 

Measurements of the instantaneous pressures developed in the 

The reactions were characterized by an audible report and a decided movement of 
the 8-inch pipe, but little spray or violent gas evolution w8s noted at the top 
of the container. Interpretation of the osciUogram is now under way. 

Darex. Analyses of the information obtained during chloride removal from Darex 
dissolver effluents have indicated $he following trends: 
- 

1. During typical cbloride removal conditions, the concentration of total 
chloride in the vapor phase exceeds that in the liquid if the acid 
concentration in the liquid is greater than the chloride concentration 
in the liquid. 

2. The ratio of the vapor to liquid chloride concentrations is apprently 
inversely proportional to the chloride concentration in the liquid. 

3. The presence of stainless steel hinders chloride removal. 

4. Under "total" reflux conditions, the chloride removal rate varied 
markedly with boil up rate - suggesting the possibility of a rate 
limiting reaction in the vapor phase. 



c-16 

miflex. miflex (€UfO3 - Hpr) dissolution studies of 304 stainless steel have continued. 
EkperFments designed to discover why the bottom portion of the stainless steel charges 
did not dissolve (see February report) were unsuccessful. 
ide (P/SS ratio of 5) at the top or bottom of the boiling solution, changing the 
contact area between the stainless steel and Hastelloy-F, or charging all the 
stainless steel near the top or bottom of the diss01ver, did not significantly 
change the dissolution pattern. Incomplete dissolution still occurred &Long the 
Hastelloy-F contact area and near the bottom end of the stainless steel charge. 

Increasing the F/SS mole ratio from 5 to 5.5 or 6 with 2 HNO3 and 2 5 fluoride 
increased dissolution of the stainless steel charge to approximately 99.9 per 
cent in a four-hour period. 
was generally obtained. 

- 
Charging ammonium bifluor- 

Dissolution of t&e areas in contact with Hastelloy F 

Stainless steel clad sintered uranium dioxide pellets (1/2-inch in diameter) were 
declad in 2 M nitric acid and 1 M slmnoaium bifluoride solution With a nominal F/SS 
mole charge %ti0 of 7. After a-four-tour decladding period, aluminum nitrate ad 
nitric acid were added to make the solution 2.3 
and 0.2 bl stainless steel. Dissolution of the U02 was essentzuy compleze in 
eight ho%s after the additions. 
lese steel was undissolved. The undissolved uranium still encased in stainless 
steel was 0.4 per cent of the total uranium charged. 

HNO3, 0.66 M ANN, 1.33 M fluoride 

At the end of the run one per cent of the stain- 

Materials of Construction. 
F in nitric acid - ferric nitrate s-ptems (as proposed for dissolution of uranium- 
mlybdenum alloys) was studied. Corrosion rams in boiling solutions increased as 
the comzentrstion of either ferric nitrate or nitric acid was increased. 
acid concentrations of five molar or less and ferric nitrate concentrations up to 
0.6 M, corrosion rates were less than two and 0.3 mil per month for 304-L and 
Hastkloy F, respectively. 
3e obtained. 

The corrosion of 304-L stainless steel and Hastelloy 

At nitric 

Rates for higher ferric nitrate concentrations will 

A coupon of Hastelloy F welded with Nionel showed gene&* attack at a rate of 
about two mils per month during exposure in the 321 Building Darex dissolver. 

BoronLo Monitor. Developmeat tests ta determine optimum geometry, cell thickness, 
materials of construction, moderator size, and source intensity, are about 80 pr 
cent complete. Cylindrical lucite cells rasging from 3-inch to 6-inch in dhmeter 
were tested to determine opthum cell size. 
concentration in the 1 &liter range occurs with a 4-inch diameter cell. Thin- 
wall stainless steel tubing and reactor grade z'irconium pipe are being evaluated 
for use in the plant prototype. 

The mBxirmtm sensitivity to boron 

The +dermal neutron density as measured in these tests is about 15 per cent greater 
with paraffin moderator than with water. The maxfirmm counting sensitivity is ob- 
served with the neutron source located in the moderator as near to the measuring 
cell as possible. The data obtained thus far icdicate that a source intensity of about 
lo5 neutrons/sec. will be adequate, and will produce a dose rate of approximately 
L mREM per hour outside the moderator. 

i 2' - 
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Solvent Extraction 

Feed solutions prepared by dissolution of uranium-molybdenum 
acid-ferric nitrate as solvent resemble -ex feed solutions 

alloys with nitric 
in their Redox sol- ~ 

vent extraction behavior. 
appears normal. 
num or iron into hexone. 
to that obtained with Darex feeds. 

Dispersion-disengaging behavior under Redox conditions 

Limited fission product distribution data show similarity 
Batch contact studies showed little if' any extraction of molybde- 

Redox Processing of l?PF Fuels 

Two Redox-type HA-HC Column solvent extraction runs processing simulated Darex 
feeds were performed at Oak Ridge National Laboratory. 
effect on HA Column flooding rate of 100 ppm "Mistron" de-emulsification agent in 
high-silicon-content feed (0.015 M Si). 
silicate in fine powder form) incFeased the flooding rate by a factor of 2.7 com- 
pared to the same test performed without the additive. 
rate is about 40 per cent greater thaa that of the standard Redox flowsheet tested 
earlier. 
carried up the column by the organic stream to the upper organic-aqueous interface. 
The organic product stream remaiped clear and the column packing remained essentially 
clean. Long-term effects will not be determined during the remainder of the tests. 

The second run tested the effect of an intermediate concentration of silicon (0.004 
M - Si) in a Darex feed solution on HA Column flooding rate. 
rate approxlmately two-fold higher than a similar run with 0.015 - M Si and at approx- 
imately the same rate as a standard Redox run. 

The first run tested the 

The use of "Mistron" (insoluble magnesium 

The increased flooding 

Visual observation indicated that the majority of the "Mistron" was 

This run flooded at a 

A maximum of three mre tests remain to be performed. 
be completed in April. 

These tests will probably 

Plutonium Recycle Prcgram 

Reduction of Plutonium Oxide 

Work has continued on both the direct reduction of Pu02 and the -- in situ conversion 
of it to chloride (in a chloride melt) followed by reduction with zinc-magnesium. 

Efforts to dissolve plutonium dioxide in molten sodium chloride-potassium chloride- 
magnesium chloride at 650 to 750 C by chlorination with phosgene have been unsuc- 
cessful, resulting for example in only a 17 per cent dissolution after four hws 
at 650 C. A very significant discovery was made, however, from experiments with 
uranium dioxide aimed at a better understanding of the chlorination process. 
Uranium dioxide was found to dissolve very readily in 1:1, NaC1-KC1 under the in- 
fluence of phosgene to give a red solution which turned yellow on cooling. Spec- 
trophotometric measurements disclosed no UC4, hence the material is believed to 
be U02C12. 
reaction occurred and a precipitate of a dark red material formed a third phase. 

Upon reacting with zinc-magnesium or (more slowly) with zinc alone, 

8 
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This material was identified as UOg by X-ray diffraction. 
followed by reduction, U02 can be cycled through a salt phase and be recovered as 
U02. The separation implications axe obvious and apply not only to uranium- 
plutonium systems, but to uranium-thorium system8 as well. 

Thus, by chlorination 

Potassium-Aluminum Chloride System 

The effect of uranium concentration on the uranium distribution in the I(cl-Al.Cl3-Al 
system was wed for boa the KC1 and UCl3 excess regions. 
sium chloride, the distribution coefficient appears -ear to a metal content of 
about 17 w/o uranium and, expressed as the ratio of the uranium mole fraction in 
the metal divided by that in the salt, was 0.77. 
region, however, the uranium concentration in the metal phase "plateaus" at a 
metal content of about 14 w/o uranium (0.02 mole fraction) and remains quite con- 
stant over the intenral in which the salt phase uranium content ranges from 0.005 
to 0.020 mle fraction. 
the uranium salt content in this raoge. 

With excess potas- 

In the aluminum-chloride rich 

The distribution coefficient thus varies inversely with 

Analytical 

Because of some uncertainties in the analyses of constituent elements of the 
potassium chloride-aluminum chloride system and in anticipation of the solubility 
studies, X-ray spectrographlc methods were devised for analysis of uranium, potas- 
sium and chloride. The method of internal standards was used throughout; strontium 
serving as the standard for 
In the concentration ranges of interest, potassium and uranium can be determined to 
an accuracy of about 0.1 to 0.2 g/l, which is adequate. Aluminum in chloride soh- 
tions cannot be analyzed by the X-ray spectrographic method because of chloride 
interference. 

calcium for potassium, and rhodium for chlorine. 

Non-Aqueous Systems 

A study program has been undertaken to explore the chemistry of some inorganic 
systems which may have application to the processing of nuclear fuels. 
ary emeriments have been done in the liquid NO2 system. 

Sealed tubes containing dry dinitrogen tetroxide and reactor grade U02 were held 
at temperatures raaging to 105 C. 
runs where reaction times ranged from 56 to 85 hours and N2O4/'UO2 mole ratios 
ranqed from 6 to 9.5. Because of failure of a number of reaction vessels under 
pressure, a Illanifold-pressure vessel system will be instslled which will permit 
atudies at stU higher pressures. 

Prellmin- 

About 50 per cent conversion was found in three 

Plutonium Recycle Test Reactor Fuel Reprocessinq 

A prsliminary test of the mechanical. feasibility of charging full size PRTR fie1 
elements was successfully concluded in the Redox Plant. The test indicated that 
the full size elements can be handled and charged into existing dissolvers but 
tha3 a folding bail would be required. 

1252231 
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The effects on reprocessing costs and production schedules of using such techniques 
are currently being evaluated. 

Shielding Material 

Samples and data on locations of serpentine deposits on the Pacific Coast were 
procured. 
factory for reactor high-density concrete in place of Canadian and Arizona ser- 
pentine previously known to be available and acceptable. Both initial cost and 
shipping costs for the esthated 1000 tons needed are expected to be significantly 
lower for local material. 

Tests indicate that Washington serpentine may be completely satis- 

Waste Disposal 

Radiant Heat Spray Calcination 

Nine runs were made in the eight-inch by ten-foot demonstration unit during the 
wnth. 
sult in a powder with maximum density, free flowing characteristics, and a mini- 
mum of dust. 
(0.82 vs. 0.42 gm/cc), less column hold-up, and less dust than was achieved with 
straight formaldehyde killed, synthetic 1WW. Addition of sugar (in addition to 
phosphate) gave a product of somewhat higher density (1.05 gms/cc) and also resulted 
in markedly lowered power requirement. Thus, the required heat input was reduced 
52 per cent using steam atomization (nitrate serving as oxidant) and 90 per cent 
with added air or oxygen. 
evidenced by the fused, glassy appearance of the product particles. Caution must 
be exercised, however, with sugar addition to avoid pre-reaction in the feed tank. 
One minor, but potentially grave, incident resulted from this reaction. Thus, on 
standing overnight after sugar addition, a high acid feed underwent reaction and 
ruptured the plastic feed lines. 

These were aimed at detennination of operating conditions which would re- 

The use of phosphate addition consistently wve higher density 

That higher particle temperatures were attained was also 

Several equipment modifications were made which resulted in improved performance. 
These included use of an Argonne type, pulsed, filter blow-back scheme. llhis 
works very well and results in easier product removal and more efficient off-gas 
filtration. 
has proven effective in reducing the amount of solids hold-up on the walls. A 
down draft condenser was installed on the acid recovery equipment for smoother 
operation and easier collection of condensates than with the original direct- 
contact condenser. With these changes and increased operating experience, per- 
formance of the unit has steadily improved and is generally very satisfactory. 
However, shattering of the particles is still a problem and tends to result in a 
powder which is not free flowing. 

An air driven vibrator was mounted on the top of the column and 

I252232 
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BIOLOGY AND MEDICRUE - 6000 PROGRAM 
Geolopy and Hydrology 

loumerous thin, discontinuous beds of silt, sand, clay and gravel of the 
Ellensburg (1) formation between baselt flows beneath the east side of the 
Harrford project indicate the probable course of the small, low-gradient, early 
Columbia River. These beds also permit correlation of flows between wells and 
sbaw the basalts to be interfingering from sources to the east and to the west. 
The zone of interfiqering and nwdmum number of interbeds centers about ten 
miles east of the present deepest part of the Pasco Basin and trends slightly 
west of north apparently across the present anticlinal ridges. The data indicate 
that sanitary or process water can be procured from tlr basalt series most easily 
along this zone where a maximum number of interflow contacts'occur. 

The first draft was completed of a contour map of the Ringold Formation in the 
vicinity of the chemical processing areas. 
rising above the water table and erosional troughs in the Ringold filled with 
fluviatile sands and gravels. 
the 200 East ground water mound. 
mound do so in these troughs. 

Also constructed was an improved and more detailed map showing contours on the basalt. 

This m~ip shows "islands" of Ringold 

These irregulerities explain the peculiar shape of 
The small tongues of water moving west from the 

A new drilling fluid additive called X-5 was tested in the laboratory. 
synthetic mudding agent is claimed to give the s~me benefits as bentonite, but 
unlike bentonite, to break bwn after several days leaving the aquifer in its 
original condition. 
Hence, although X-5 performs better than bentonite, it still influences soil 
permeability to an unacceptable degree. 

IUS 

Tests showed that breakdown is not fast or at all complete. 

Correlation of 4-4 soil samples from two wells indicated that a close approximation 
of the natural soil misture content can be achieved by determining the centrifuge 
moisture-equivalent. 
is netu unity from 2 per cent to 14 per cent moisture but decreases rapidly below 
2 per cent. The specific retention values averaged 2.1 per cent and 3.4 per cent 
in several. samples from two wells while the nstural misture content averaged 
1.7 per cent and 3.5 per cent, respectively. 
trifuge moisture equivalent test can be applied with considerable confidence in 
determining the specific retention values for Hanf'ord soils. 

The ratio of misture content to centrifuge moisture-equivalent 

These results indicate that the cen- 

Soil Chemistry and Geochemistry 

Studies of the soil chemistry of cerium indicate that a large part of the increased 
removal of Ce from solution by soil with increasing pH is due to cerium hydroxide 
precipitation. On the Ce uptake vs. pH curve, a dip in uptake was noted at about 

pH 9. 
zation of the cerium hydroxide precipitate, causing it to remain in solution rather 
than settling out with soil. 
provide a strong buffer against increase of pH beyond 5.5 by removal of hydroxyl 
ions to precipiate cerium hydroxide. 

Present observations indicate that this is due, at least in part, to pepti- 

Larger amounts of cerium in the soil-water system 
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Comparisons were =de of Cs retention by clinoptilolite and some common cation 
exchange resins. 
clinoptilolite was ten times that of the regins. 
concentration would be exceeded in all present waste streams. 

In a system contain- 1 M NaNO3 and 0.01M Cs+, the capacity of 
!Chis ratio-of sodium to cesium 

Reaction8 of fluoride-containing solutions with calcite and apatite were investigated 
for Sr removal. 
than the calcite-phosphate reaction. An invention report was submitted on the basis 
of this and other improvements. Al+3 and Fef3 are known to interfere with the 
reaction when present in large amounts. It was found that the optimum concentration 
of NaF is about 0.05 M and that Sr retention decreases on both sides of this concen- 
tration. 

These reactions were found to be effective over a wider pH range 

Rare earths; Pu, and U are also removed from solution by this reaction. 

Ground Waste Investigations 

Preparations were made for a field test of methods being developed for prediction 
of crib capacities. 
ground water is only about 12 feet from the ground surface. 
will be used to spike the synthetic waste. 
for water' supply. 

A &foot by 2-foot model crib will be used at a location where 
Sr85 (65 d half-life) 

A 1500 gallon tank truck will be used 

Calculation of Hiester-Vermuelen parameters for soil columns of various lengths 
showed that th "S" parameter, which can be thought of as equivalent to the rimer 
of theoretical plates in a column, increases with increasing column length. 
height per S value and the specific reaction rate "constant" both decrease wit@ 
increasing column length. Since these factors have been sham to remain constant 
with column length for resin CO~UJIP~S, it appears that soil column operations can- 
not be interpreted on the same basis as for cation exchange resin columns. 

The 

Field Apparatus Development 

The closed circuit Tv system assembled for in-well examinetiom was used in cooper- 
ation with CPD to examine internal dissolver components in a radiation field of 
several r per hour. Good clarity and definition of the viewing axes were obtained. 
Rotatable mirror and remote focusing attachments were designed and ordered. 

A locally designed crystal-controlled chronometer and amplifier were tested in 
trial seismic measurements of depth to ground water in the vicinity of Gable 
Butte. 
generating the sound wave whose travel time from impact point to geophone was 
to be measured with the chronometer. The non-reproducibility of the data was 
traced to random triggering of the scaler from electrical "noise11 generated sub- 
sequent to the initiating impact. Much better performance was found using small 
charges as sound-wave initiators. 

Some difficulty was experienced when using the hammer impact method for 

An electrical conductivity soil-moisture measuring unit was developed which is 
almost independent of soil packing. 
placed between two 1/16-inch plexiglass sheets. The plexiglass sheets are en- 
cased in another electrode made by fastening a wire screen on the outside of 
each sheet. 
The whole unit is only about 2 x 2 x 1/4-inch and can be easily buried in soil. 

The unit consists of a wire screen electrode 

The plexiglass is perforated to allow soil to ccntact both electrodes. 
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Micromeritics 

An efficient filter was assembled for possible use in Radiometallurgy cut-off cells 
for rupoving uranium debris from cut-off operations waste. 
discs with flow from the periphery to the center, the filter will remove virtually 
all particles ones aud larger from these streams. Pressure drop is only l-.inch 
of Hg at a flow of 0.5 glpn. 

Improved sensitivity achieved through use of a strain gage sedimentation balance 
permitted greater accuracy in sizing the particles from an autoclave rupture of 
a uranium fuel dement. 
than 35 microns diameter. 

Composed of hard felt 

Fifty per cent of the particles were shown to be less 

Radioisotopes in- Reactor Cooling Water. 

The build-up of radioisotopes in reactor effluent water following chemical cleaning 
of the tube and slug surfaces was followed for 1-1/2 months. The concentrations of 
most of the radioisotopes were reduced by factors of 5 to 100 by cleaning and were 
atill low by factors of 2 to 5 after two weeks. 
factor of 2 after six weeks. 
a reduction in reactor effluent water radioisotope concentrations. Disposal of the 
purge msterial and increased corrosion would become -re important problems than at 
present. 

Paper electrophoresis studies of reactor effluent water radioisotopes show that Cr5l 
moves in three separate zones indicating that it may be present in three different 
ionic forma. 

P32 and As76 were still low by a 
This indicates that frequent purging could bring about 

Facilities were completed and tests have been underway since March 17 to determine 
the effect of temperature, flow rate and( column length on the ability of aluminum 
turnings to remove radloisotopes from reactor effluent water. 
less steel turnings is slso being operated to determine the efficiency of this 
material 

One column of stain- 

Successful standardization of Fe55, a K-capture radioisotope which emits-.only X-rays, .. 
was accomplished through 821 X-ray counte which was calibrated by X-ray - gamma ray 
coincidence counting measurements on Mn5' whose 5.4 kev X-ray is nearly the same 
energy as the 5.9 kev Fe55 X-ray. Techniques are now available for all types of 
emitters needed in current reactor effluent water studies. 

Chemical Protection Agent 

A second biological trial of the radiation protective ability of erioglaucine was 
completed this month. 
acute whole body irradiation was achieved, similar to that observed previously with 
mice. 
to absorbing 900 r of 250 Kvp X-radiation, were alive 30 days afterward. Only one 
of ten similarly irradiated, but unprotected animals survived this time interval. 

A significant increase in the survival of rats following 

Six out of ten rats, intraperitoneally injected with the dye ten minutes prior 

iu 
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aI3LOGY OPERATION 

A. ORGANIZATION AND PERSOIINEL 

Dr. Bergene Hawin, of the Metabolism Operation, resigned to accept a 
position outside the Company. 

B. TECHNICAL ACTIVITIES 

FISSDONABLE MA'TDIIALS - 2000 PROGRAM 

BIOLOGICAL MONITORING 

Radioiodine Contamination 

The concentrations of 1131 in twid glads of jack rabbits were about 
one-quarter of those one year ago. Values follow: 

Location 

Pro ss er Barricade 
4 Miles SW of Redox 

pc/g wet thyroid Trend 
Average MUblllITl Factor 

-3 
-5 

Columbia River Contamination 

Concentrations of gross beta emitters in Columbia River organisms 
collected at Hanford were the same as one year ago. 
orga? isms follow: 

Values of indicator 

pc/g wet wt. Trend 
Sample Type Loc at ion Average Miucimum Factor 

Minnows (entire) Hmford 1 10-3 1 10-3 -2 

A virulent strain of C. columnaris killed salmon fingerlings within 10 
hours when fish were exposed to a suspension of the bacteria. . A similar 
exposure of fish to a relatively non-virulent strain produced killing in 
20 hours. 
lesions to scales, fins, and flesh only after one to two weeks. 
were easily cultured from the kidney as =ell as surface areas of I.P. 
injected fish. But they could not be cultured from surface areas of fish 

fish show lesions more typical of the I.P. injection than of the external 
contamination. 

The virulent strain injected I.P. into fish produced typical 
Organisms 

unless they were exposed to a suspension of organisms. Naturally infected 

Fallout Contamination 

Fission products occurred in rabbits from the Hanford Reservation in the 
following amounts : 

UNCLASSIFIED 
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Sanple Type 

Feces 
3one 
Liver 
Muscle 

pc/g wet material 
Average 

2 x 10-2 
4 x 10- 

8 x 
1 x 10-5 

Effect of Reactor Effluent on Aquatic Organisms 

Trend 
Factor 

Normal monitoring of effluent from the 100-KE reactor was resumed following 
repair of the effluent pump which had been out of service since last December. 
Evduation of results is difficult because of the upset experimental 
conditions, but an adverse response of the young salmon to an effluent 
concentration of 2-1/2 per cent continues to be evident. 

BIOLCGY AM) MEDICINE - 6000 PROGRAM 

MZZ'ABOLISM, TOXICITY, AND !C.RAIfsFER OF RADIOACTIVE MATERIALS 

Strontium 

A preliminary test to evaluate the radiation effects of S2°-*o fed to 
rainbow trout was started. 
it appears that the force-feeding techniques employed cause excess stress 
and should be avoided if possible in future experiments of t'ds type. 

Few results have been obtained as yet, but 

Basic information on blood pressures and heart rates in unanesthetized, 
free-swimming trout was obtained with the use of the new Sanborn Pcrly-Vis0 
recorder. These measurements indicate that the true values are higher 
than generally reported in the litera e. The perfusion technique for 

gill membrms is being altered in accordance with this new infomation. 
masuring the rate of transport of S 8 and other ions across the 

Daily feeding of S$O was initiated on 9-month-old miniature swine at 

Preliminarg to a comparative study of Sr9O and Cab5 metabolism in *' 

individual tissues and organs of swine, a satisfactoq surgical approach 
was developed. 
and vein, the portal vein, the femoral vein, the ureter, and the bile 
duct at various time intervals following dosing. 

. levels of 5 and 1 pc/day with six animals at each level. 

It includes simultaneous sampling from the renal artery 

Iodine 

No noteworthy changes were observed in the Q/D in the sheep or swine 
except for a moderate drop due to beginning of lactation. 

Sixteen ewes fed a 3 mc dose of radioiodine following weaning in 1957 
gave birth to 25 normal lambs. 

A number of excess newborn lambs are being given a single oral dose of 
1131 ten days before sacrifice in order to obtain data on uptake and 
half-life in the thyroid &and of the very young animal. 

LINC US S IFI XD 
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Cesium 

Varying calcium concentration in nutrient culture from 2 to 24 meq/l depressed 
uptake of Cs137 into bean plants by as much as 205%. 

Plutonium 

Additional data were obtained on the therapeutic effectiveness of orally 
administered DTPA. 
a factor of 10 and liver deposition by a factor of 30. 
equivalent to that of 1.5 mM/kg injected IP, the latter being somewhat less 
effective in preventing bone deposition and somewhat more effective in preventing 
liver deposition. Measurements of total plutonium excreted were 80% with the 
1.5 mM/kg IP dose, 80% with 12 mM/kg oral dose and 9% in untreated controls. 
The DTPA employed in these experiments was a specially purified grade and was 
administered as a calcium tri-sodium salt. 
marginally lethal. Of seven animals employed in the test, six survived. 

An oral dose level of 12 d/kg reduced femr deposition by 
This is approximately 

The 12 mM/kg oral dose was 

Radioactive Particles 

Histo 
of k’’’02 is in progress. Initial observations include lymphosarcoma in 
intestinal mesentery. 
although autoradiograms showed presence of Pu239 particles. 

Plutonium239 assay of tissues and excreta from 12 dogs killed up to two weeks 
after inhalation of Pu23902 are nearly completed. 
about 45 per cent of the total Pu239 deposited was excreted in feces and 
0.05 per cent in urine. 
deposited Pu239 was in lung and less than 0.5 per cent in other tissues. 
Fkposure of other dogs to Pu23902 have been completed for studying the effects 
of aerosol concentration on deposition and translocation. 

ic examination of tissues from mice killed 500 days after inhalation 

Neoplastic growths have not been seen in lung tissue, 

Two weeks after exposure 

At that time approximately 55 per cent of the 

Gastrointestinal Radiation In jury 

The radioisotope feeding phase of the experiment designed to study long-term 
effects of chronic beta irradiation of the intestine was completed. 
were fed an average of 410 pc/day Y9O for a period of 56 days. 
animals died or were sacrificed in terminal stage between the 20th and 
54th day. 
eo) mounted to less than 2 pc in the animals succumbing to the treatment and 
should not interfere with the evaluation of subse uent long-term effects. 
additional 50 rats consumed an average of 91 pc Ygo/day for the !%-day feeding 
period. 
control animals died during the radioisotope feeding. 
lost 25% of their initial body weight &ring the feeding period which they 
recovered within 2 weeks after radioisotope feeding stopped. 
showed a 3% loss in weight early in the feeding period, since which time their 
growth has paralleled that of the controls. 

. 

Fifty rats 
Eight of these 

Absorption and deposition in the animals of SryO (impurity in the 

An 

None of the animals in the lower level group and none of the 50 
The high level group 

The lower level group 

UNCLASSIFIED 
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Radiation Protection Agents 

Two animals, weighing approximately 9 and 100 pounds and measuring 28 and 36 
cm in body width at the midline were exposed to the Maxitron at 100, 120, and 
Qs cm distance to the midline to determine tissue-dose distribution. Radiation 
factors were 250 KVP, 30 ma with filtration of 2.5 mm Cu and 1 mm Al. Victoreen 
tkimble chanbers were placed both externally and internally in various locations 
in the animal. The readings at the distance signified are shown below: 

Roentgens/Minu te 

~ 

Body weight 49 lbs - Body width 28 cm 

j Position 100 cm 120 cm 45 

~ Under 
1 scapula 4.5 10 0s 2.4 

, Mid-ab- 
dominal 8 .O 10 .s 4.8 

Anterior 18 .O 5.5 5 .O 
-external 

Posterior 
-external 0- 4 -0 6 .o 

Oppos. side 
-external 4.0 1.1 2 04 

Body ut. 99 lbs - Body width 36 cm I 
100 an 120 cm 1-45 cm I 

16 .o 

9 00 

4.5 

2.0 

2.3 1.7 

9 00 6.5 

5 00 5.2 

4.2 3 -2 

3 04 1.2 

In a preliminary study on testing certain agents for their therapeutic value 
following skin irradiation (20,000 rads, 1.5 mev Beta) from a Van de Grad 
accelerator, twelve irradiated 
either Salcolan spray (Rich Co. - fbrnished by Division of Biology and Nedicine), 
Desitin ointment (Desitin Chemical Co.), tissue -extract, or physiological saline 
solution. Some irradiated areas were covered while others were left uncovered. 

sites on three young pigs were treated..with 

After almost two months of treatment, Desitin ointment seems to give the best 
results. 
sticky consistency and good adherence to the skin.* 
aFpear to show more advanced healing than uncovered areas. 

The success of this material may be partially explained by its 
Covered dry and moist areas 

(Salcolan sprap contains salol, cod liver oil, lanolin, caroway oil and olive 
oil, while desitin contains Norwegian cod liver oil, zinc oxide and petrolatumJ 

-% Principal reason is its high content of NORMXGIAN cod liver oil. 

KK Nade in Texas. 
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Microbiological Studies 

Maximum protection from X-rays was afforded to petit yeast cells by a 3.5 x 10' 
g cytochrome C/ml of culture. 
was in the medium during irradiation. 
protection indicating that the effect is not a non-specific one due to the 
protein concentration. 

Yeast cells exgosed to 2bO Kr of X-rays showed evidence under the electron 
microscope of a changed membrane structure. 
yet been independently repeated, it is posstllble that artifacts due to fixation 
may have caused the apparent difference. 

Protection was observed only when the cytochrome C 
A similar concentration of albumin gave no 

Since this observation has not 

Ecology 

Amounts of two fallout radbelemnts in evergreen needles that were sampled from 
different environmental habitats last summer follow: 

St at ion 

Quinault 

Packwood Glacier 

Bear Prairie 

Rock Lake 

Inches average 
annual rainfall 

l40 

50 

15 

100 

1 10-4 5 x 

5 x 10-5 3 x 

9 x 10-5 5 x 10'6 

2 x 

Mapping of the gross plant communities of the Hanford Reservation was completed. 
Eight plots were established for long-term studies to determine if any detectable 
changes are occurring in the plant communities of the Hanford Reservation. 

Manager 
BIOL~GY OPE RATIO^ 
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D. Lectures 

a. Papers pesented at meetings 

W. J. Clarke, 3/U/59, "Peacetime Accomplishments of Atomic Energy 
and How They Affect Agriculture,11 American Institute of ChmicG 
Engineers (student ehapter at U. of Calif.), Berkeley, California. 

b. Off-site Seminars 

R. T. 01 Brim, 3/3/59, Pullman, Washington (WSC), "Radiation Effects on 
Cell Permeabilityn. 

M. F. Sullivan, 3/5/59, U. of Oregon Medical School, Portland, Oregon, 

D. E. Warner, 3/16/59, Burbank Schools1 sciences classes, "Biology 

"Gastrointestinal Radiation Injury". 

Research at Hanford." 

c. Biology Seminars 

V. H. Smith - 3/11/59 - "The use of NMR and EPR resonance in biological resear 

Dr . Wright Langham, Los Alamos Scientific Laboratory, 11Cesium-137 
Biospheric Contamination from Weapons Tests", March 13, 1959 

Dr. Webster S. s. ,Tee, Radiobiology Laboratory, University of Utah, 
Salt Lake City, Marcn 31, 1959, "Plutonium in Bone". 

J. F. Cline, lrVarious Avenues of Uptake of Zinc-6s by Plants," March 11, 1959. 

J. R. McKenney, 3/25/59, 'IMetabolism of Sr9O in Sheep md %e11. 

E. Public ations 

a. HW Publications 

None 

b. Open Literature 

Schiffman, R.H. and P.O. From, "Chromium-Induced Changes in the Blood 
of Rainbow Trout, Salmo airdxaerii,I1 Sew. & Ind. Wastes, 3l(2): 
205-211, February 'm + Work performed prior to employment a+ Hanford.) 

UNCLASSIFIED 
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March, 1959 

ORGANIZATION AND PERSONNEL 

There were no changes in personnel during the month. 

OPEBATIONS RESEARCH ACTIVITIES 

Input-Output Simulation Model 

A progrese report covering the past year's activizies on the input-output 
response simulation studies was sukmitted to the. General Manager, HAP@, early 
in the month. 
at which the fiture scope cf the atildy and plans for its completion by the 
end of the year were outlined. It was emphssized again that meeting the out- 
lined schedule depends heavily OL the availsbiiity of computational programs 
and assistance. 

Later in the month, a meeting was held with tne &nerd Manager 

The specific applicsrtion of the general method developed for use in this 
area to an investigation of an operational przblem in the Redox plant has been 
discussed with ClPD personnel and a tentative madel developed. 

Mathematical improvement of the multivariate compzitational prograx Xas 
continued 

Business Descriptions 

A rough draft report describing variogs theories wnich can be used for busi- 
ness descriptions hss been completed. 
of business in +,hese terns is zcjztinuing. 

Further work on the sctaal description 

OPERATIORS ANALYSTS SWIES 

Z Plant Information SY&;: 

The 2 plant test prograz wab fcrmalized and apprcved by %he task fcrce on 
March 10. 
with the =tiM engineers and FA prodution tzs: is being prepared for CPD 
approval. 

Questions geztaining to %he use of the TBM equipment were resolved 

FPD Process Control and Experimentation 

An interirn report was issued on the ;tLdy concezned wf+h iocsting the optlmum 
combination of prehem and sEkmerge rimes in the canning cycle. 
investigation cf the sptimum xgion was recommended .and will be undertaken in 

Further 
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a pilot plant study. 
and temperature in the canning bath will also be evaluated. 
that one production line will use the recommended cycle for a period of time 
in April to further evaluate its effects. 

At this ti= the effects of changing silicon content 
It is phMed 

Data from a pilot plant experiment designed to evaluate the effects of using 
a spire with thicker walls in the canning of I and E fuel elements were 
analyzed. Based on the results of this pilot plant study, an extended run 
on a production canning line will be made within the next few weeks. 

An experiment was designed to determine whether vacuum annealing of fuel 
elements after canning would relieve lock-in stresses in the fuel elements 
and hence permit rejection of those fuel elements which would be inclined 
to warp in the reactor. 
necessary time and tpperature combinations to relieve such stress. 
519 replicate of a 3 
of both linear main effects and the linear x linear interaction, in addition 
to determining whether or not curvature in one or both of the main effects 
existed. Should significant curvature exist, it was planned to complete the 
experiment with the additional four anneal treatments in order to determine 
what was contributing to the curvature. This could not be determined using 
the 5/9 replicate. 

At the same time, it was desired to determine 
A 

experiment was designed which would permit evaluation 

The experiment is currently being conducted. 

Incressing the core size of a fuel element reduces the size of the core-can 
annulus and theoretically gives rise to smaller minimum residual can waU 
thicknesses. 
reactivity in the reactors. In order to determine just how seriously in- 
creasing the core size reduces the can wall Wknesq an experiment was de- 
signed and conducted using a range of values for the core-can annulus. An 
analysis is being made of the data to evaluate the effects of this on fuel 
element quality as measured by can wall thickness and total bond count. 

Counter balancing this is the beneficial effect of increased 

In determining the degree of non-wetting associated with a given combination 
of treatments, empty cans have been used, the assumption being that the 
degree of non-wetting encountered in this way is the same as that encountered 
in the canned fuel element. 
and an experiment was designed to that end. 

It was recommended that this assumption be checked, 

Further work was done in connection with evaluating the optical comparator 
method for determining residual can wall thickness. 
results from several studies, it appears that the 
while it may be a good measuring tool in its own right, does not measure the 
same thing as the commonly used caustic penetration method. 

Based on accumulated 
optical comparator method, 

Fuel Element Failures 

The study concerned with relating rupture indices to corrosion indices is 
continuing. 

Work in connection with determining the rupture rate curve which would 
result from a uniform corrosion mechanism has been completed. 
prepared exhibiting the relationship between such ruptue rite cumes and 

Curves were 

-* 
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the curves arising from the empiricslly determined rupture model used to 
describe side rupture rates. 
mendation is being prepared to-the effect that corrosion limits for reactor 
operation be removed until the side failure rate is appreciably reduced. 

Based 3n the results of this study, a recom- 

Graphs, useful in the interpretation of rupture data were prepared. The data 
are numbers of ruptures occurring in each of two types of fuel element 
irradiated under comparable conditions. 
to terminate a test which is sequential in nature. 
ruptures needed to detect given differences in rgpture rates can also be 
determined 

These can be used to determine when 
The average number of 

Production Tests 

Dimensional distortion data from Production Test IP-~~-A-~~-MT are being 
analyzed in order to further evaluate low hydrogen dingot I and E fuei elements. 
A comparison is being made with ingot fuel elements also charged in this test. 

Further work has been done in evaluating the precisicn of the C-Basin Profi- 
lometer. 
marks and convex side of the fuel element), snd hot spot angles (angle between 
rib marks and hot spot). 
mining the relationship between warp and hot spots which can have far reaching 
effects in determining how much effort shGuld be expended in redwing and con- 
trolling warp. 

This is concerned with average warp, warp angles (angle between rib 

Meaningful angle figures are very useful in deter- 

Reactor Calculations 

Preliminary work is being done in conneetion with the cver-all problem of 
determining the accuracy and precision of certain reactar data. 
of immediate concera is to evaluate the uncertainty associa+,ed with the calcu- 
lated daily total reactor power level.. Among +,he error sources that obviously 
need investigation are errors in the flow-meters, errms in the thermocouples, 
possible channeling of the satlet water, or a significant temperature drop 
before reaching the thermocouple. An associated problem is concerner? with 
allocating the reactor power tc the individual process tubes. Data have already 
been collected in this connection, and are presently being analyzed. 

The problem 

CPD Control 

The examination of available data to determine the reliability of material 
control of the amounts of plutonium recevfed, remaining, and remved was 
continued. It is planned to use the recently devehped techniques associ- 
ated with the causal relationship model. in order to sbtain a better under- 
standing of the complex icterrelationshipa involved. 

Data fron January and Fekruaq were used to estjmate the process and analytical 
variances. Shifts in the estimates of the process average and process variance 
were discovered, and were subsequently traced to changes in the impurity con- 
tent of the feed material. 

l2522vl 
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Radiation Protection Precision and Accuracy Study 

Statistical analysis was performed on a Records and Evaluation Operation 
experlment to determine the magnitude of calibration, film, and obsenrer 
errors associated with the calibration and development of radium gamrma 
calibration film. Results of the analysis led to the design of three more 
experiments which will further evaluate calibration error. 
ments should aid In determining (1) the iso-tropic nature of HAPO's radium 
gamma source when rotated on its axis; (2) the effects of exposure time, 
exposure distances, and failure of the inverse square law; (3) the error 
associated with a standard value of the radium gama source. 

These experi- 

Rough drafts of a manual to describe the film dosimetry process and an 
interim report describing progress to date on the precision and accuracy 
study were completed. 

2000 Program - MetailL-a 

Further discussions were held concerning the statisticd. analysis of uranium 
hardness data from a recent test to examine physical properties as a function 
of irradiation time. 

In support of NPR design physical properties testing program, assistance was 
requested in analyzing x-ray diffraction patterns of annealed Zircaloy-2 
samples. Cmposite dis5ribution techniques based on moment analysis axe 
being used to resolve multi-peak diffraction patterns into their component 
parts, particularly to estimate the height and half-width of each peak. 

2000 Program - Reactor 

An analysis was completed of the heat transfer properties of a reactor fuel 
column which lies non-concentric withiz? its coolant tube. This is the first 
of a series of investigatians in this particular geometry which have been .. 
suggested for study. 

2000 Proqrain - Separations 

A mathematical investigation was comple+Ad of the shielding properties of 
a proposed spherical cask. 

Work was continued on the development of an appropriate computational routine 
to obtain the solutions of a set of simultaneous slgebrsic equations which 
describe a complex chemical reaction. 

Investigations csntinued on the heat transfer properties of fuel elements 
under the non-linear but realistic assumption that thermal conductivity 
13 temperature dependent. 

1252250 
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4000 Program - Sweliing Studies 

Statistical analysis was ini+,iated of void data read frcm 20 enlargements 
of radiographic cross-sections of an irradiated uranium cylinder. 
objective of the analysis is to determine the precision of estimation of 
bubble radii distribution and total void volume from radiographic data. 
Since the sections were taken at differing radial-distances from the center 
of the uranium cylinder, additiod information will be provided concerning 
the effect of temperature on void vohme and bubble radii distribution. 

The primary 

6000 Program - Biology and Medicine 

Work was initiated on the estimation of parameters which occur in the modified 
power function implied by a recently constructed mathematical model. for the 
uptake and retention of radioactive isotopes of groups of experimental 
animals . 
Consultation was held con*zerning the fitting of linear combinations of expo- 
nential functions to data obtained from the aquati,c cmmunity which has been 
administered a fixed acute dosage of radiocesium. 
computation procedure was suggested as a candidate for the estimation of 
parameters occurring in the sum of exponentials aodel. 

A statistical analysis of data on mouse lung tumor incidents following adminis- 
tration of various substakes was performed and an nnclassified letter summar- 
izing the results sent to interested persons. 

An iterative least squares 

6000 Program - Atmospheric Physics 

Work continued on a formal report jointly authored with Atmospheric Physics 
personnel discussing the derivation and utilizatim of statistical techniques 
for analyzing data from the pending Air Force - AT3C diffusion and deposition 
study . 
General 

Further consultation was held with Chemical Effluents Technology Operation 
concerning a mathematical description of the breakthrough ratio prediction 
curve. 
partial differential equation was presented, and it was agreed to att.emp+, 
a fit cf the mathematicd. formula to some data obtained from Dbservaticns 
on laboratory soil columns. 

A formula obtained From the solution of a quasi-linear second Drder 

125225 I 

Work contimed jointly with Data Processing Operation on the checking of a 
709 IBM routine for quantitative resolution of ccwnting results obtained 
from multisource shart half-lffe radioactive material in the presence of 
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STATISTICAL Ap;3 MATHEMATICAL XTJfTIES FOR OTER HAP0 COMPONENTS 

Fuels Preparation Department 

Employee Relations index data for all FPD components for +he six successive 
quarters beginning with the fall of 1957 have been analyzed in order to 
determine the correlation between ERI figures and attitude survey results, 
and primarily to determine when a shift of a given number of ERI points may 
be called aignificant. 
different group sizes. 
of production efficiency were slso investigated. 

Test reactor reactivity val;les for three sizes of I and E fuel elements having 
different amounts of enrichment were analyzed to determine how well enricbnent 
can be predicted from 8 reactivity value. 

Mathematical investigatims continued in connection with the program of studying 
eddy-current and ultrssonic methods of nm-destructive fuel elemnt testing. 

This amounts to setting up control charts for 
The relationships between ERI’s and certain measures 

Irradiation Processing Department 

Preliminary discussions were held with interested parties in connection with 
the process tube leak prablem at F reactor. 
problem has been formally praposed. 

Data a-ising from job knowledge testa given to reacta operators were analyzed 
as requested. 
questions, although essy to correct, are not very sdequate in determining 
whether or nct a candidate has minimum required jab knowledge. 
between test remlts and types of tzsinfnq given the individuals were slso 
investigated. 

A statistical approach to this 
F‘wther action will be taken during April. 

It was suggested that true-false questions and multiple choice 

Correlations 

Chemical Procesainq DeFartlrtent 

A review was made af the Fctentid grcund air concentsations of particu&ate 
fission pro&dcts and piutcni?un emitted to the atmosphere from the 200 Area 
stacks. 
Facilities Engineering GperaTion who reqiested the stxdy. 
tkat further work will be an2ne in this general problem area. 

Results were gtven ir, a pzinte communication %o personnel of 
It is anticipated 

Construct ion ELpinesr inp; Qpezat ion 

Meetings were held with personnel of the Constz-wtion Engineering Operation 
concerning the appiication Df statistical and probabilistic techniques in a 
systems reliatility study being performea 3n the K reactors. 
diagram has been &awn up and current effcrts are directed toward writing a 
precise description Df the iogic of the system as 3n intermediate step to 
the derivation of a reliability fmnuLa. 

A system block 

Carl A. Bennett, Manager 
OPERATIONS RESEARCH & SYNTHESIS 

1252252 
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PROCIRAMMING OPERATION 
MARCH 1959 

A. FISSIONABLe MATERIALS - 2000 PROGRAM 

The report on an in-reactor, semi-continuous, minimum inventory process for 
"olive" production was issued. 
nate," by E. A. Coppinger and E. T. Merrill, 3/17/59.) 
were studied and compared. 
to improvements in p-oduct purity, increased production rate, and more rapid 
attainment of a certain production rate. 

(HW-59682, "Advantages of Palmolive Alter- 
Four alternates 

The advantages of the proposed alternate relate 

B. REAcpaR DEVELOpMEERl - 4000 PROGRAM 
1. Plutonium Recycle Program 

Schedule and Inventory for PRl!R Fuels 

A detailed study of a schedule for charging, discharging, and chemical 
processing of PRTR fuel was completed. The accompanying table sqmarizes 
this infarmation which may be used for procurement of the necessary mate- 
rials and in planning for the chemical processing operations in anticipa- 
tion of the first four years of PRTR operation. Although the table is con- 
sidered acceptable for planning purposes, it is not regarded as absolutely 
representative of situations which may exist even one to two years fromthe 
present. There are many factors which could change and thus influence the 
development of such a chart. 

Cycle Analysis 

The report, m-5R58, "A Calculation of the Reactivity Worth of Plutonium 
and Uranium-235 as Enrichment in Thermal Reactors", was completed and dis- 
tributed. 
enriched with varying percentages of uranium-235 or plutonium In three 
sizes of' reactors. 
plutonium-239 has a greater reactivity worth than uranium-235 in thermal 
reactors of high neutron utilization efficiency. Also, plutonium contain- 
ing appreciable amounts of the higher isotopes may exhibit a greater 
reactivity worth than either plutonium-239 or uranium-235 in high effi- 
ciency thermal reactors. 

This report compares the attainable exposures of uranium-238 

The report shows that under certain practical conditions 

The MELEAGER A and B fuel-cycle analysis codes were compiled and run during 
the month, with considerable progress achieved in debugging. Freparation 
of cross-section and related input information was essentially completed. 

A paper entitled "Selected Economic Aspects of Plutonium Fuel Utilization 
in QO Moderated Reactors" was presented at an AEC sponsored unclassified 
symposium on March 3 and 4. The paper is being issued as a topical report. 

UNCLASSIFIED 
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Footnotes 

a: Start 10-1-60, first day of fiscal 61 second quarter = reactor day 0 

b: . Charge 11, discharge 7 - balance by temporary displacement of 4 test pieces. 

c: Charge 10, discharge 14 - test pieces now back. First 10 in batch 1 are not. 

d: Identification and dates for proceseing batches. 
which dissolver may be charged with "cooled" pieces. 
refabrication estimated at 60 days from dissolver charging. 

Date given is day on 
Recovery and 

matural u 
Low spike 
Low spike 
Low spike 
Eigh Spike 
IkturrrlU 
Eigh Spike 
El@ spike 
natural U 
Moxtyl 
way1 
Moxtyl 
Moxtyl 

11 

15 
15 
15 
18 
25 
18 
12 
24 
21 
21 
21 

at 

April 20, 1961 
July 7, 1961 
October 5, 1961 
January 3, 196? 

26, 1962 
July 4, 1962 
September 20, 1962 
December 7, 1962 

September 25, 1963 
February 9, 1964 
June 26, 1964 
136.5 day intervals 

May 129 1963 

e: Pieces means fuel assemblies or fuel elements. 

f : Spike - Pu-81 alloy fuel. 

- 

g: u = rnturalU02 

h: MX = Moxtyl = ''mixed crystal" fuel - mixed uranium and plutonium oxides. 

12522513 
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nnai summary of an 1x4-650 computer analysis of two aspects of plutonium 
fuel utillzatlon was nesrly completed. 
run using the 650 sinulator on the IBM-709 followed by an IBM-702 run. 
is necessary because HAP0 no lower has the .1BM-650. 
delaged by difficulties associated with the organization of data through 
the simulator codes. 

Some data points muat still be re- 

These runs have been 
This 

Radioloqical Consultat ion 

Consultations were held on the possible use of iodine-131 as'a tracer in 
meteorological expertmntrts designed to study the deposition properties of 
vapors as compa~ed to particles. 
were started to minimize the quantities released *om the controlled area 
and the time period between experiments due to contamination of the course. 
Discussions on the permissible release rates fromthe separations areas 
stacks and the potential problems were held. 

Investigations of shorter-lived isotopes 

Calculations of the radiation doses expected from a ground level release 
follarlng a single tube incident in PRTR were performed and the previous 
write-up on elevated release from the same type of incident revised to include 
both types of release. 

A pper "RadiatLon Protection - Stallasrds ard Laws" was prepared for pres- 
entation to the American Industrial Medical Association meeting in April. 

A trip to the Vallecitos Atomic Iaboratory and to San Jose to obtain infor- 
nation on the Vallecitos Boiling Water Reactor was made on behalf of the 
Smell Boiling Water Reactor Subcouncil of the GE Reactor Safeguards Council. 
Notes from this trip were prepared and submitted to the other members of the 
Subcouncil. 

Do mAmS 

At the request ofthe AEC, alternate pmposals for conduct of the 1959 - 
Summer Institute on Nuclear Energy program at EL0 were prepared. 
alternates involved off'site trips and an expanded lecture program to 
include offsite speekers. Either of these alternates resulted in sub- 
stantial deletions of time usually devoted to the problem assignments. 
The study of these alternates was presented at a meeting of the ASEE 
Nuclear Committee in Washington, D.C. on March 8. 
presentation by offsite speakers was unanimously favored over the one 
involving offsite trips because of the lesser effect on time utilized on 
problem assignments . 

These 

The alternate involving 

At the same meeting ten candidates for the 1959 - SINE program at EL0 were 
accepted. 
chemistry background. 
Eight have Ph.D. degrees. 

Nine of these have chemical engineering backgrounds; one! has a 
Eight either hold or formerly held "Q" clearances. 

1252251 



Arraqements were completed to permit B. Mastel and J. DePangher to speak 
before the Washington State University Chemistry and Physics Departments, 
respectively. Professor Harold Dodgen was invited to talk before the HLO 
Seminar hp. He will talk on the WSU research reactor and the program 
of research associated with it. 

Arrangements were completed and Dr. A. Hadley Cantril addressed the HLO 
Science Colloquium on Wch 5. Agproximetely 150 people attended. The 
talk was exceptionally well received. 

A rough draft report describing HLO's research and development activities 
for the next five fiscal years (Hw-59633-RD) was prepared and issued for 
comment 8s part of the HAP0 Five Year Program document. 

Eetfmates of DlappOWBr and money requirements for the next five years for 
HAeo research and development programs were supplied to the 1ocalAEC. . 
The informtion is to be used as backgraund information for the JCAE Hearings 
soon to be held on UC Laboratories. 

LE McEwen:dl 
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A. 

Plans to realign the function8 within the Radiation Protection Operation were 
announced. The main changes included establishment of a Radiological Evalua- 
tion Working Group headed by R. L. Junkins and inclusion of the Regional 
Monitoring function in the Radiation Monitoring Operation. 
effective April 1, 1959. 

The changes we= 

On March 2, 1959, Joan M. Weston transferred into Radiation Monitoring and Lese 
W. Powers trsneferred to PBaIR&D. 
and Records on March 9 to replace R. H. Beauchamp who trwferred to R&FR&D on 
March 16. 
Patrick transferred to CPD. Edna D. Britch was reactivated from illness leave 
on March 23. 

R. K. Jones transferred into mosure Evaluation 

Also on March 16, L. J. Defferding transferred to R&FR89 and A. F. 

Lillian J. Whitney transferred into Radiation Monitoring on 
March 23, 1959- 

Five employees were transferred within RPO to increase job knowledge uad provide 
additional experience. The RPO force remains at a total of 132. 

B. ACTMTIES 

An explosion occurred on March 31, 1959 in a lathe hood located in Roam 179-B 
of the plutonium metallurgy facilities in 234-5 Building. 
employees were machining a piece of plutonium metal in the hood at the time of the 
explosion. A piece of the broken hood front struck one of the employees above the 
left eye causing a laceration about 3/4" long. Both men and four other emplcryees 
working in other parts of the room left the room immediately. High-level plutonium 
surface contamination occurred on the face ad shazlders of the two men working 
at the hood at the time of the explosion. 
pramptly after the incident to remove loose surface contamination. mer the 
sharer, contamination levels in excess of 40,OOO d/m plutonium were found on the 
head and shoulders of the injured employee. This same level of contamination 
was measured in the vicinity of first degree burns on the left side of the neck 
of the esuployee who received the laceration. 

Two Hanford Laboratories' 

The injured man received a shower 

Skin decontamination down to levels on the order of 1,OOO d/m was successful 
within a few hours after the incident. Minor excision of contaminated tissue was 
performed at the 200-W First Aid Station as a precautionary measure. 

Diethylenetrieminepentaacetic acid (DTPA) treatment was administered about three 
hours after exposure. The injured employee was taken to the Kadlec Hospital for 
further minor decontamination and treatment. 
in the wound area waa made the following dv in the Shielded Personnel Monitoring 
Station. Approximately 2,000 d/m plutonium was detected in the vicinity of the 
wound area and approximately 4,000 d/m was measured in the vicinity of the neck 
burns. Preliminary analysis of the first urine sample obtained about three and 
one-half hours after the incident indicated that plutonium deposition in excess 
of the permissible limit was very unlikely. 
associated with the incident was successful. 
tion were deposited on most of the exposed surfaces in the laboratory room which 
was sealed off pending orderly decontanination. 

Measurement of possible contamination 

Skin decontamination of all employees 
Gross amounts of plutonium contamina- 

UNCLASSIFIED 
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ExcLding the above incident, no additional cases of plutonium deposition were 
confirmed during the month. This maintains the total number of deposition cases 
which have occurred at Henford at 228. 
who have a measurable deposition of plutonium. 

There are 162 employees currently employed 

Analyses of the film badges and wark assignments of three IPD employees indicated 
that these employees had received radiation exposure slightly in excess of 0.3 r 
in seven days. 
in an estimated localized dose to the skin of about 6 rads including 0.6 r. 

A particle discwered on the shoe of one IPD employee resulted 

A fire involving peanut oil occurred in a hocd in Rocm 179-B of the plutonium 
metallurgy facilities in the 234-5 Building. 
Io spread of contamination to the roan or personnel resulted. 
sir maitor nos installed in Roam 179-B of the 234-5 Building to provide monitoring 
and alarm for plutonium air cantamination. 

The fire was extinguished with sand. 
A continuous alpha 

Modlfication of the positive ion Van de Graaff accelerator was completed. 
ation measurements during operation testing indicated that the abnormal condition 
which resulted in an exposure above permissible limits in February had been 
cwrected. 

Radi- 

Incidental to 8 backgrauad aerial survey flight to Spokane, a flight was made over 
several working uranium mines in the area in order to ccmpere the capabilities 
of the 5" x 5" plastic scintillator with ccrmPercia1I.y available uranium prospecting 
equipment. Preliminary evaluation indicated that the larger mines were easily 
detectable frm the air. 

Testing of the reduced area electrodeposition procedure for plutonium bioassay was 
continued during the month. 
age yield of around 75s for s'x spike samples. Some difficulty was encountered in 
cross-cantamlnation of the test blank samples. Operational testing of this proce- 
dure is continuing. The eventual application lies in on-plant bioassay sampling. 

Prototype reading of the total area indicated an aver- 

A "criticality drill" was held to test the effectiveness of the RPO emergency proce- 
dure for high-level film dose evaluation. 
siightly less than two huurs; however, 
dose levels. 
the cause of the meresthation. 

The unknown doses were evaluated in 
overestimations up to 609 were made at some .. 

Investigation was started lnto the possible effect of film fading as 

Th appropriation reqrrest fa procurement of an autcmstic film processing system 
was approved. Requisition of component parts was initiated. 

Stazdard gannna pencils and stray radiation chambers were used to measure the gonad 
dose associated with vsrious X-ray procedures at Kadlec Hospital. 
this survey was placed on the gonad dose which is received during the 4" x 5" and 

Emphasis for 
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14" x 17" chest X-ray examinations. 
the X-ray measurements has resulted in a significant reductions in the dose to 
both male and female gonads and also to the head of the subject. 
and a water phantom were used in all of the measurements. 
the pulse pencil reader technique to these measurements has been a significant 
advance in evaluating with a high degree of accuracy these very small doses. 
These measurements me;y be the most accurate measurements of this type yet to 
be performed. Appropriate chambers permit measurements of dose as low as one 
microroentgen by application of the pulse pencil reader principle. 

The lead aperture which is now used with 

A masonite 
The application of 

Advice waa provided on drafting of a chapter for radioactive shipping require- 
ments for the SS Accountability Manual. 

Committee work was completed for the AM: Committee on Transportation of Highly 
Radioactive Materials. 

Information on the number of personnel engaged in radiation protectim work at 
HAP0 was prepared for AEC-HOO for forwarding to the Division of Production, 
Washington, D. C. 

Announcement was made that A. R. Keene had been invited to present a paper 
entitled "Confinement Techniques and Handling of Plutonium in Research Laboratories" 
at the OEM= Symposium on Health Physics at Riso, Denmark, on 25-28, 1959. 

There wem two medical treatment injuries for a frequency of' 0.91. 
violations occurred dulng the month. 

No security 

Three suggestions were received for evaluation. 
completed and none were adopted. 
tian. No awards were made. 

Six suggestion evaluations were 
Two suggestions are pending in RPO for evalua- 

A lecture on "Radiation Hazards" was presented to the R&D Flight of the ghst 
Air' Reserve Squadron at Washington State College, Pullman, Washington, by 
B. Cia Lindberg. 

- 
IEW-59859 "Monthly Report - March 1959, Radiatibn Monitoring 

N 

cr: 
ro 

Stevens 0 

R3 EW-59307 "Resistance of Elastomer Gloves to Nitric Acid" by 

c 

Operation'' by A. J . 

T. C. Mehas. 

u HW-59399 "Radioactive Contamination in Liquid Wastes Discharged to Ground at 
Separation8 Facilities through December 1958" by K. F. Baldridge. 

Con. Undoc. "Inventory of Radioactive Liquid Wastes to Active Disposal Sites - 
January 1959" by KO Fa Baldridge. 

Hw-59918 "Regional Monitoring Activities, March 1959" by B. V. Andersen. 

Hw-59880 "Waste Disposal Monitoring Activities Summary, March 1959, by K. F- 
Baldridge. 

%port of Invention - "An Improved Fluorescent TAmp" by A. R. Keene. 
UNCLASSIFIED 
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Activity 

Sample Type and bastion Type 

Drinklaq Wter 

loo-F Are6 Ieot opi c 
Separations has Total Beta 
Paeco Isotopic 
Kennowick Ieotopic 
RICW !mal Beta 

Columbia River Water 

Above 100-B Ara6 mtal Beta 
100-F Arw Ieotopic 
Hemford Ferry Total Bsk 
Paeco Ieotopic 
McNaFy DLLlp Total Bate 
Vancouver, Wbshington !mal Beta 

mete water 

outlylng met wellr Total Beta 
Reactor Effluent Retention 

Beaim to River Total Beta 

AtlUObphbrO 

Oroes Dose Rate - 

1-19 Separationr Ares8 
1-13 sep.rstlons stacke 
Active Particles - ProJect 
Active Partials8 - Environs 

PrDJec+, 
BviroEs 

Vegetatibn 

Semt I ona 
Rae ident ial 
Eastern Waehington end 

Oregon 
Fleeion Productr lese 
1-131 - W68h. d Om. 

Monthly 
Units* - Average 

2.7 x 10'6(Max) pc/cc 

29,000 curies/day 

3.1 
18 
31 

.. .. 
curiee/weeX -- 
ptle/lW m3 -- 
ptle/100 m3 -- 

* ThS $ is the percent of the mximum prmia~ibie limit for continuous 
occupational exposure to the geetrointeetinal tract calculated from drinking 
water Umitr . 

wt The trend factor ehowr the n-fold increase (+) or decrease (9) from last month, 
where values of n lees than 2 will not be noted. 

UNCLASSIFIED 125iZbb 
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Exposure Incidents Above Pemissible Limits 
Whole Body Localized 

March' 
1959 to Date 

1 1 

4* 3 

Gaarma Pencils 
Pencils Paired Readings Paired Readims - 

Processed 100-280 mr Over 280 mr- 

March 30,860 56 
1959 to Date 96,706 150 

0 

7 

Lost 
Readiryss - 

1 

3 

Beta4anuna Film Badges 
Badges Readings Readings Readings Lost Average Dose 

Processed 100-300 mads 300-500 mrads Over 500 mrads Readings Per Film Padre* 

March 10,092 759 49 19 43 5F-R 
1959 to 

30,822 2,604 302 41 181 4.04 19.0: Date 

Neutron Film Badges 
Film Readings Readings Readings Lost 

Processed 50-100 mrcm lOO-3OO mrcm Over 300 mrem Readi-s 
Slow Neutron 

March 1, Is9 
e 1959 to Date 3,509 

6 
17 

Fast Neutron 

March 149 0 
1959 to Date 224 0 

Bioassqy 

0 
1 

1 
2 

0 
0 

2 
10 

0 2 
0 11 

March 1959 to Date . - 
Plutonium: Samples Assayed 713 2,351 

Results above 2.2 x pc/sample 37 85 

663 2,271 Ffsaion Products: Samples Assayed 
Results above 3.1 x 10-5pcFP/bample 2 12 

Uranium: Samples Asssyed 265 877 

Confirmed Plutonium Deposition Cases 0 4* 

*his brings the total number of plutonium deposition cases which have 
occurred at Hanford to 228. 

we Includes two incidents occurring in January and one in UNCLASSIFIED 
February which were not included in last months' total. 
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Uranium Analy scs 

Semple De8criptlon 

FteIs Preparation 
Hanzord Laboratories 

Chcmical Proceesingw 
Special Incidents 
Random 

chemical Procc8sing 

Following 
Units of lo-ey:c 

Number 
Maximum Average Samples 

32 3 06 46 
23 4 .O 22 
31 5 99 57 
8.6 8.6 1 
1.1 1.1 1 
2.2 0.6 24 

Following Period f No Exposure 
Units of 10-8 &C u/cc 

Number 
Maximurn Average Samples 

5 *1 2.1 41 
6- 5 2.4 13 

30 3.5 60 
0 0 0 
0 0 0 
0 0 0 

.Wgemples taken prior to and sfter a specific job during work week. 

ThyFoid Checks Wch - 1959 to Date 

Checks Taken 
Checks Above Detection Ut 

Baad checks 

Checks Taken-Alpha 
-8eta-Gmma 

Skin Contamination 

Plutonium 
Fission Products 
Ursnium 

Portable Instruments 

CP Meter 
JiiO 

GM 
Other 

Total 

P%raonnel Meters 

Badge Film 
Pencils 
Other 

Total 

Miscellaneous Special Serpiceu 

Total Number of Calibrations 

AR Keene: kc 

I2522bS 

0 0 
0 0 

23 54 
ll 116 
9 35 

Number of Units Calibrated 
March - 1959 to Date 

903 2,789 
269 879 .. 

1,283 3,983 

3; 545 

% 
- 406 1,033 

A- Radiation Protection 

UIVCLASSIFIED 
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GENERAL 

Safety performance of the operation was considered satisfactory. 
major injuries; the minor injury frewency rate was 3.83,which is considered 
about average experience. 

The absenteeism rate was 4.28 per cent, vhich is about average experience. 

The& were M 

There were no security violatians charged to the Operation. 

TECHNICAL SHOPS OPERATION 

Total productive time for the month was 14,37 hours. 
log is 21,151 hours of which 50$ is required in the current month, with the 
remainder distributed over a three mnth period. 
month was 6.4s (1160 hours) of the total available hours. 

Distribution of time was as follows: 

The total shop work back- 

Overtime worked during the 

Man Hours $ of Total 

Fuels Preparation Department 
Irradiation Processing Department 
Chemical Processing Department 
Hanford Laboratories Operation 
Construction Engineering Operation 
Mi s c$llaneous 

1466 10.2 

577 4.1 

‘ 39 93 
364 2.6 

n54 8.0 

10717 74. a 

The number of requests from customers for emergency service increased fmm the 
previous month, necessitating an overtime ratio of 6.4$. 
were utilized to capacity in providing assistance to the Technical Shops. 

Other pro ject shops 

The acquisition of additional craft personnel is proceeding on schedule. One 
instrument specialist and one instrument technician trainee were added to the 
mll. A journeyman welder was tested and found to meet our requifements. He . 

is currently awaiting the necessary security clearance before starting work. 
Applications from journeyman machinists were reviewed and fifteen were selected 
as potential HAP0 employees. 
obtaining security clearance and will be called in as soon as possible. 

The top seven of this gmup are in the process of 

The Rockford Planer, which was placed on order March 2, was received on March 27 
and placed in operating condition. 

The Technical Shops manager visited Offutt Air Base in Omaha, Nebr., and the 
Bendix Co. Plant at Kansas City, Mo., to inspect surplus machine tools owned 
by the Federal Government. 
were obtained for use by the Fuels Preparation Department. 
and a boring and turning machine were tentatively obtained for the Technical 
Shops pending release by the Air Force. 
replace the loaned graphite equipment which must be returned to the 2101 Bldg. 
in the fall of 1959. 

Two turret lathes were found to be acceptable and 
A precision lathe 

Work is continuing on the program to 

UNCLASSIF’IZD 
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RADIOGRAPHIC TESTING OPERATIom 

Activity for Radiographic Testing Operation was slightly above normal due to 
increased activity on the tubular product program. 
were made, of which 1,217 vt~e radiographic (including X-ray and gamma ray) 
and 8,338 were supplementary teste. 
(55.3s) were used In connection with radiographic tests, and 427 (44.'7$) were 
used on supplementary tests. 
measurements (micrometric and plug gage), eddy current, leak detection, pene- 
trant, and ultrasonic thickness measurements. 

The number of pieces handled this month was slightly under that of the previous 
month, totalling some 2,577 it-. However, again continuing the trend of laat 
month, the feet of material examined was considerable, amounting to 29,200 feet. 
This large increase is indicative of continued automation of some tests on 
tubular products. Work was done for 16 different organizational components, re- 
presenting most of the operating departments and service organizations. A 
total of 19 reports were issued detailing test findings Kith conclusions and re- 
commended action. Radiographic Testing Operation wa8 consulted on 16 different 
occasions for advice and information regarding general testing theory for other 
than the jobs tabulated In Part I1 - Testing Statistics. 

4proval was received during the mnth for rebaation of Radiogmphic Testing 
Operation field facilities from the 200-E Area to an unused shop building at 
White Bluffs. 
Laboratory and will provide space for the tubular products program and Radio- 
graphic Testing Operation activity. 

A total of 9,555 tests 

Out of a total of 954 man hours, 528 

The supplementary test uork included dimensional 

The building will be identified as Building C-26-WB Testing 

Also, In the new facility categpry, eqyipnent bas been xmved into the basement 
of the 325 Bullding to assist in the Ceramic Fuels Development Program. The 
items involved include x-ray equlpment, eddy current testing facilities, fluor- 
escent penetrant testing eqyipxnent, and a mass spectrometer for leak detection. 
The fuel development work being &ne Kill be facilitated by having the test 
equipment integrated with fabrication work. 

The heavy equipment has been remDved and the building completely cleaned of 
accumulated debris, at White Bluffs. Cutting the trench in the floor Slab for 
the conduit and drain piping has begun. Fabrication of the pickling troughs is 
about 50 per cent complete and work has started on the jib crane, ta.nk supports, 
exhaust hoods, ductwork, etc. An acid storage tank, ANN storage tank and make- 
up vessel that have been found on plant as available, as well as the available 
deionized water storage tank, have been delivered to the White Bluffs shop for 
the necessary mdlfications. 

1252210 



Testing Statistics 

No. of 
Component Tests 

CPD 94 

CEO 12% 

HIX) 8141 

IPD 24 

Ft. of Weld 
or Material 

109-1/2 

1693 

27387 

1348 

29203 

H- 3 

No. of 
Pieces 

96 

201 

2255 

25 

- 
2577 

m- 59717 

Description 

Purex silver reactor, 2" sch 40 and 
10" sch 10, SS pipe; Redox dissolver 
plate and pipe welds 2" , sch 80. 

2-1/2", 8If, 10" nozzles; 8" and 10" . 

SS flanges. PRTR containment vessel 
weld seams. 

Pig x-ray; PRTR ceramic fuel md 
closures and cladding; gamma heating 
slug; swelling capsules: 1/8" O.D. 
x 22' long SS sheath; Zr clad solid 
U core fuel rod; 1.3, 1.65, 5$ Pu-A1 
fuel rods; 6$, lo($, 16$, U-A1 CO- 
extruded rods; .680" I.D. X .035" X 7' 
long zr'tubes; .305" I.D. x .030" -1 
x-10' long zr tubes; KER, r'ibless zr. 
pmcess tubes. 
PFU'R mark d6 heated mock-up; 
18s (NP Oxide) Al;W fuel rod: 

P$g tail adapter fittings; 1" and 
2.24" O.D. joints, #27, VS. 

FACILITIES ENGINEZRING OPERATION 

Pro jecte 

There were 18 authorized projects at mnth's end with total authorized f'unds of 
$7,726,400. 
project was completed during the month. 
approval. 

The total estimated cost of these projects is $7,870,400. One 
!Cwo new projects are 3waiting AEC 

Project Proposals for ten new projects are in preparation. 

The attached monthly project report details the status of individual projects. 

Engineering Service 

Title - 
Reroofing of 146-FR and 222-U 
Buildings 

Status 

Work complete except for gravel course. 

Removable Grating - 3745-B Building 

Traveling Crane brprovements 314 
Building 

Material expected 4-15-59. 

Work complete. 

UNCLASSIFlED 1252271 
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- Title Status 

Noise Attenuation 3760 Building Equipment room Kill receive additional 
noise attenuation treatment. 

Pro-d.de Additional Hoods, mom 7-2A, 
325 Building. 

Work complete. 

Decontamination of the Interior of Work is essentially complete. 
34 Building. 

Renovate Mom 30-C - 326 BuUding . New equipment is being received for in- 
stallation. 

nxr&mve Lighting - moms Il-u Work is progressing. Fixtures on hand. 
8s B - 325 Building 

306 Building Water Filter 

Design & Install Fire Alarm System 
314 Buildfng 

No action pending negotiation wlth vendor. 

Design work being analyzed for cost savings. 

Air Balance - 1084 Building Engineering work in progress. 

Auxiliary L.P. Pwpane Gas Supply - Uork essentially complete. 
325 Building 

Building Modifications - M-FR Space is occupied. Work essentially 
Building complete. 

Lighting Study, Bindery born, 
3760 Building of materials. 

Installation work delayed because of lack 

Gamms Irradiation Facility - 3730 Roof opening complete. Concrete removal 
Building complete. 

Locker Ebom Modifications - 321 
Buildiag 

Work in progress and nearing completion. 

Heating & Ventilating Study - 306 
Building 

Unfired Pressure Vessel Survey 

Study work completed. Recommendations are 
being analyzed prior to physical performatlce. 

Unfired Pressure Vessels in the 300 Area 
are being physically checked and mxlmum 
allowable stress is being calculated. 
Safety relief valves have been ordered 
for several vessels and some piping 
changes have been made for code con- 
formation. Third party inspection was 
made on 7 vessels this month. 

12.52212 

http://Pro-d.de


.. 
UNcLASsIFm H- 5 m- 59717 

Title - 
Erection of Towers for At;mss- 
pheric Physics 

Status 

The contract was let to Patton-Hill of 
Pasco for the contract price of $11,600. 
Work started on 3-18-59 and is approxi- 
mately 15s complete. 

Work is being performed for preparation 
of BIcXbgy Facilities Layout to meet 
requirements for next 10 years including 
design cost estimate, and right order of 
magnitude construction cost estimate. 

326 Building Retention Waste 
Sump Modifications 

Renroval of existing retention tanks and 
use of sump as collecting basin is being 
considered. Sump pumps with greater 
capacity will reduce maintenance and the 
possibility of basement flooding. 

Uranium Scrap Burner - 306 Building Initial study work has been started. 
Equipment has been determined. Pre- 
liminary design has been reviewed with 
customer. Construction cost estimate 
indicates this work will be of Informal 
Request magnitude. 

Design and Drafting 

Title - 
Equilibrium Chamber 

Creep Capsule 

Wide Angle Viewer - PRTR 
Examination Cell 

Wet Storage Basin Manipulators1 
and Cleaner - 325-A Building 

Status 

A device to measure thermal conductivity 
of dense ceramics. 
complete. 

Detail work essentially 

In-reactor creep measurement of zirconium. 
A capsule to monitor stress, elongation,' 
and temperature while being irradiated. 
20$ complete. 

Work complete. 

Work in progress at 50% complete. 

UMCLASSIFIED 
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Other design and drafting work in progress includes the foUwing: 

Automation of feed mechanism of Kux Hydraulic Press - 325 Building. 
Mechanism for Rupture of Irradiated Fuel - 3x3 hap ETR. 
Redesim of portion of in-reactor loop - 3x3 loop ETR. 
Tools for hsadllng discharged f'uel elements - ETR. 
Modifications to 14 ton Shipping Cask. 
Modifications to Vacuum Welding Box - 306 Building. 

Maintenance aud Bullding Engineering - Landlord Functions 

FY!~!D Total: 
cost over the same period was estimated to be $815,600 or 65.55 of Budget. 

$79,,986 - 63.9$ of Budget. The predicted expenditure forecast 

Analysis for Month of February: Unusual maintenance fell off because certain 
work which was expected to take place was being rescoped. 
on the other hand exceeded prediction by $5000; this is partially attributable 
to some jobs being considered of a not "unusual" nature. 
$500 of that anticipated. 
under expended. 
not received yet against this account. 
increase. 

Building maintenance 

Stem was within 

But billings for power operators amounting to $7,000 were 
At month's end, this account was $20,600 (1.6$) 

Unusual. activity is expected to 

Miscellaneous 

Engineering investigation of the Livonia-type mof on 325 is still in the 
fact-gathering stage. 
staff's point of rlew. 

A meeting was held March 16 to obtain the laboratory 

Engineering investigation of the heating and ventilating problem in 329 
Building is in an analytical. phase. 
being evaluated. 

Detailed apxtionnaires for room are 

The lunchroom relocation study for 3760 Building has been implemented.by 
a work order to Construction Operation. 

The potential radon problem has been carefully reviewed 51 a series of 
meetings chairmanned by the Maintenance and Building Engineering Specialist. 
Specific recommendations were made at the meeting held March 17, 1959. 
terested physics, health, and ra4iological personnel were in attendance. 

In- 

A preliminary study to improve the appearance of the 300 Ares grounds md 
the vicinity of the 747 Building has been undertaken by CEO. 

AEC approval was obtained thmugh 3. formal request for performance of con- 
tingency maintenance of the 327 Crane. The work will render the crane more 
maneuverable and responsive, with attendant efficiency and safety. 
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AEC approval was requested for contingency maintenance to the 325 building 
ventilating and exhaust fans. 
High Level Radiochemistry Facility and for the Basement Improvements of the 
Heavy Equipment laboratories, as well as for other required hood and cave 
additions. 

This work can provide the necessary air for the 

TECHNICAL IIpFoRUU?ION OPERATION 

As a result of a suggestion by a Hanford secretary, a list of standard 
abbreviations and compound words was distributed to the Plant through the 
Department communications specialists. The list suggested that, since often 
alternate forms of an abbreviation are acceptable, it is desirable to select 
one of these alternatives and to use it consistently. The list should be 
usefd. to Ranford secretaries, stenographers, and report writers. 

A summary of the AEC's book publishing program was distributed to the field. 
It described the purpose of the program, listed books which the AEC would 
like to see written, and the methods by which this is accomplished. 
of the summary is to encourage HAPO participation in the program, since a number 
of the books which the Commission would like to see written relate directly to 
H@O activities and desirably should be written by Hanford authors. 

The intent 

A number of unclassified HAPO fuel element subcontracts were upgraded to 
Confidential by HOO. 
general and restrictive. Unless these criteria change, all research and 
development work carried out with or for production reactor fuel elements 
must be born classified. A review of the effects such a ruling will have 
on the NPR fuel element development schedule is currently being made by 
appropriate HAPO personnel. 
declassification of development work involving external modifications of the 
fuel elements for the existing production reactors. 

About 1,400 Geneva Papers, mstly foreign, were received. 
directly to file without any additional record-keeping since we have been 
notified that all Geneva Papers would be indexed in a special edition of 
Nuclear Science Abstracts. 

The criteria on which this action was based are very 

A reqyest has been sent to HOO for review and 

These papers wxxt 

The results of the 1958 inventory of Research and Development reports and 
Atomic Weapon Data reports were reported to GE Security. 
10,130 copies of which lo5 copies are Weapon Data reports and the remaining 
10,025 copies are Research and Development reports. 
reported as unaccounted for, of which twenty-seven were carry-overs from 
previous annual inventories. 
Weapon Data. 

HAFO's holdings are 

Twenty-nine copies were 

None of the unaccounted for reports are 

March - Work Volume Statistics Bebrusry 

Document Distfi-bution and Files 

Documents muted and discharged (copies) 19,219 15 9 913 

1252 

- 

Documents issued (copies) 
Documents sent offsite (copies) 
Document reserves filled (copies) 
Documents picked up and delivered 

215 

.-- - 

10,354 9,197 
3,893 3, 904 
987 820 

25,790 23,015 

UNCLASSIFIED 



March Document Accountability February - 
were Fnventoried 310 447 

Documents inventoried in Files (copies) 28,705 9,220 
Downts destroyed or retired (copies) 5,274 3,891 
Documents revised (copies) 2,835 1,735 
Documents pulled and documents filed (copies) 12,815 17,623 
Documents reclassified 561 328 

C0LOE'- documents onsite 202,961 202,995 

Holders of classified documents whose files 

Accountable copies of SECm and DO- 

Reference and Publication 
Books catabged (new titles) 
Books added to the collection (volumes) 
Ready reference questions .answered by 

Literature searches by professional staff 
Reports abstracted (titles) 
FoFmal reports prepared (titles) 
Offsite requests for =O reports (copies) 
Reports released to CAP (titles) 

pmfessional staff 

Library Acquisitions and Circulation 
Books ordered (volumes) 
Periodicals ordered 
Books circulated (wlumes) 
Periodicals circulated (issues) 
Inter-Library loans 
Films borrowed or rented 
Industrial. film showings 
Bound periodicals added to the collection 

2 191 
227 512 

185 186 
107 123 
u4 204 
12 5 
200 a7 
20 56 

41 5 333 
122 225 

1,601 1,835 
2,549 3,225 

66 61 
31 24 
44 72 
28 29 

Library collection: 

Main Libram W-10 Library 108-F Lib~a4 Ind. Med. Totals 

No. of books 25,869 8,181 1,398 1,938'' 37,386 

No. of bound 
periodic- U, 508 1 - - 

37,457 8,182 

UNCLASSIFIED 
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Classification and Declassification 

Docments, inch-g drawings and photographs 
reviewed for downgrading or declassification 

Documents and papers (intended for oral pre- 
sentation or publication) revlend for 
appropriate classification 

Documents submitted to Declassification 
Branch, Oak Ridge 

m-59717 H 

February hrch 

128 93 

24 33 

21 9 

(/ Manager 
LABOFikFORY AUXILIARIES 

JL Boyd: jcw 
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-_ EMPLOYZE REIdU!IOIos OPERATION MONTHLY REPORT 

EIW- 5 9717- 

GENERAL 

At month's end, the staff of the Hanford Iaboratories Operation totalled 1225 
mloyees, includbg 576 exempt and 649 nonexempt employees. 
exempt emgloyees possessing technical degrees, including 278 B.S., 108 M.S. and 
103 FLD. 

There were 489 

Seven sessions of the first progrsm of the Information and Orientation Series 
were presented with approximately 855 of Laboratories nonexeqpt employees attend- 
ing. Plans were completed for presentation of Program 11. 

One grievance was received during the month. 
concerning his transfer to another component. 
tory but the grievance is now considered settled at Step I due to eqiration of 
time limit. 

There have been 8 total of six formal grievances processed in HID since January 
1 with three being answered satisfactorily at Step I and one pending arbitration 

A Radiation Wnitor Journeylllan grieved 
The Step I answer was not satisfac- 

hearing. 

Two seseions of the annual EL0 Department Information Meeting were held in the 
Village Theater during the month. Approximately 300 employees were In attendance. 

Tours were conducted for 10 National Bank of Commerce officials, 30 Clarkston High 
School students, 40 Kennewick High School students, and 60 Richlnnd school teachers. 

EMPLOYEE COMPEI'?SA!PION 

The necessary approvals were obtained to implement orgsnizatioxml chaages in Radia- 
tion Protectfon and Employee Relations, both to be effective Aprill. 

At the March meeting of the HLO Suggestion Board, four suggestions were approved 
for awards totaling $810, heaving a balance of $29075 in the HILI suggestion f'und 
for the calendar year. 

Applications for General Electric scholarships for two HIX) employees were approved 
locally and have been forwarded to the Company for consideration. 

HanfOrd Iabmatoriess participation in the Employee Benefit Plans is as follows: 

Year Pension savings ssvings savings & 

Jan. 99.8 9.9 40.0 8.2 94.5 
Feb . 99.8 98.9 37.9 7.9 94.0 
Mw. 99.8 99.0 37.3 7.4 93.7 

1959 Insurance Plasl Stock Bonus Plan Security - 

1252289 
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Iaboratories personnel worked a total of 206,000 man-hours during the month with 
no disabling lqjuries. 
have! been coqpleted with no disabling injuries. 

The medical treatment f’reqpency for hrch was 1.60 as compared with 1.67 during 
February. 

Since September 1, 1956 a total of 5,878,868 man-hours 

There were three security violations during the mnkh of Msrch, bringlng the total 
to 13 for year to date. 

A vapor explosion in a glove-box lathe hood at Plutonium Metallurgy caused minor 
injury to one employee and some contamination to co-workers. 
exclusive of decontsminstion costs, was estimted at $200. 

Physical damage, 

PmFESSIOlQAL PERsomEL pIAcEmm 

Twenty-one Ph.D. candidates visited RiU during the month of March and offers 
have been extended to six candidates. 
f’rom physicists who plan to accept post doctoral or academic positions. 
continues to be a field of nrrjor concern. 

Eight =/IS candidates accepted Word offers during the month. 

Four rejections were received including two 
physics 

Follow-up visits to Northwest universities indicate that our salary offers probably 
are slightly low cqred to current market and that plant visits by these candi- 
dates will be expected to become a serioua problem next year. 

Hiring for the Swner Program is now complete with.11 professors, 12 graduate students, 
10 juniors, and 5 high school teachers having accepted summer offers. 

EMmmlEm 

Twenty-five reQuisitione for nonexempt employees were filled during the month, 
leaving 40 open. There are 17 candidates in process and two transfers pending, 
lea- 21 candidates to be procured to fill the existing openings. .- 

-ger, 
Ehployee Relations 

T.G. hrshall:tr 
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TABLEII. NOmxEw!FEMP~ 

Nonexewt Employment Status - Feb 

Requisitions 

At end of month 50 39 
Cancelled 1 4 
Received during month* 27 19 
Filled during month 15 26 

Candidates Considered 

Total applications 35 35 

* Includes 5 off of "hold" basis 

1-4 Hw-59717- 

Nonexempt Transfer Requests -- Feb. Mch. 

!Cransf er Requests 

Active ca8es at end of mo. 74 73 
Cancelled 2 3 
New 6 5 
Transfers effected 1 3 

Total Processed 

Step f 

Answered satis Sac %zilp 

Pe- Step 11 amwr 
Answered 

Satisfactazip 
PeEdfiag +time Umit 
Applied for a=biL-atior 
Pending =bitrator' s decision 

6 

3 

1 

1 
0 
1 

1 .. 

* Step I grisva?lrs0 whizh Somcil iadicated a desire to discuss at Step II not 
scheduled far discassion &'%La three months are considered settled at Step I. 

+H Step I3 gzLevarxzs in vhlrn:b +As Cauncil formally applied for arbitration but 
for wfiich ao Pz+%er action is  take^ with's three months are considered settled 
at Step I:. 
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2 - Technical Graduate and TecWcian Training Program 
Month ending March 3, 1959 - 

TG Prornam 

Number Personnel on assignment 
(HAP0 Tech Grad Program. .. . .. . .24) 
(West. District $.P ............ 1) 

Distribution of assignments 

HLG 
CEO 
mu0 
FPD 
IPD 
CPD 

Distribution of assignments 
R&D or Engineerlog 
Other 

by Depts. 

by functions 

25 

10 
0 
0 

3 
u. 
1 

20 

5 

HW- 59717- 

TT program 

10 

I 

10 
0 
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FINANCIAL OPWATION MONTHLY REPORT 
MARCH 1959 

There were no changes in personnel during the month. 

Activities 

GENEEUL ACCOUNTING OPERATION 

2000 Program funds for Equipent Not Included in Construction Projects have been 
reallocated within Hanford Laboratories to provide additional funds for sections 
where the previous allocation has proven to be insufficient. "he adjusted allo- 
cation is as follows: 

Reactor & Fuels R8r9 
chemical R&D 
physics & Instrument R8aD 
Laboratory Auxiliaries 
Radiati cm Protection 

Total Allocation 

Expenditure Commitment 
Ceiling Ceilinp; 

$1 260 000 $1 398 000 
250 000 60 000 
150 000 go 000 
180 000 20 000 
120 000 42 000 

$960 ooo $1 610 ooo 
7 

Classification activity included transfers of $229,390 from the Work In Progress 
accounts in addition to the review of 778 purchase requisitions and 666 work 
orders for capital-expense determination. 

Considerable time was spent on investigation and detail adjustments of equip- 
ment records for Washington Designated Programs, the responsibility for which 
was transferred to this office in March. 

Travel, living and entertainment expense reports processed during March totaled 
186. 
June 1958 when the closing of the ledger was delayed to complete fiscal year 
reports. 

Revlew of continuity of service over-accruals durfng 1958 are about complete. 
Appropriate credits will be passed to Cost in Aprilbusiness. 

The Inventories Budget for FY 1961 and Revision of FY 1960 was consolidated and 
submitted to Contract Accounting by the due date. Inventories for which Hanford 
Laboratories are respondble will not vary significantly from the present levels 
except fur Zirconium, Heavy Water, and Spare Parts, due primarily to the Plutonium 
Recycle Program. 
are as follows: 

This represents the highest volume processed for any month in HLO except 

A summary of our submission by type and FY ending balances 

7-1-59 6- 30-60 6- 30- 61 

Platinum 
Gold 
Silver 
Palladium 
Beryllium 

$113 512 $ 116 410 $ 118 986 
9 625 io 502 11 515 
152 167 181 

3 597 4 003 4 351 
8 507 8 632 8 764 

UmCLASSIFIED 
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Radium 
Gallium 
Iridium 
Rhodium 
Niobium 
Heavy Water 
Zirconium 
Spare Parts 
Standby - Spare Parts 

7-1-52 6- 30-60 6- 30-61 

62 934 
135 
13 

57 
72 

37 893 
498 OOo 
31 000 
40 615 

62 934 
185 
13 
57 
72 

493 
481 OOO 
141 000 
40 612 

62 9% 
135 
13l 
57 
72 

493 2J.6 
392 OOO 
241 OOO 
40 615 

Project mc-167 (HIP) will provide $2OO,OOO in spare parts which will be 
purchased a8 construction spares and transferred to the operating spares 
bvectory about 7-1-60. 
every two years or at the rate of $lOO,OOO per year beginning in FY 1961. 
Heavy Water Initial requirements for project AEC-167 include 85,000 lbs. 
valued at $l,W5,OOO which will be purchased and transferred to CWIP in 
FY 1960. 
replace al; of thc. inaterial in sny one of the loops will be carried In 
inventory. After the Te@ Reactor is in operation, consumption will be 
a% the rate of 1,000 lbs. per month, 500 lbs. loss and 500 lbs. 
reclaimable. 

The inventory level is expected to turn Over 

Thirty-thousand pounds (valued at $450,000) suffiaient to 

Arraagements were ccrmpleteb-for the regular quarterly inventory of special 
ma*%?rials as of March 31, 1959 to be conducted by custodial personnel. Property 
Accounting will not witness the count but will reconcile the results to Property 
Accounting records. A rem of results will be issued in April upon completion 
of reccmcilia5ion. 

In accordance with AEC instructions that non-fund costs of Heavy Water billed 
from off-site must be booked to inventory but separate identity maintained for 
reporting purposes, two new General Ledger accounts were established. These 
costs represent depreciation oc facilities used to produce Heavy Water at other 
AEC Operation Offices. Account 1272 - Special Reactor Materials - Non-Fund - 
wlll be debited for depreciation shown on billings for Heavy Water and as the 
material is removed from inventory, the applicable depreciation will be credited 
to $his account with the offsetting debit to account 3518 - Np Depreciation 
Frcm Off-Site - which in turn wfll be closed to the AEC at fiscal year erd. 
We will receive from the AEC $26,475 in the month of April representing 
depreciatioa on current holdings of Heavy Water. 

A physizal inventory of equipment purchased for use in the Whitney Program was 
conducted is compliance with AEC directive U.23-035, Borrowed Equipment. Con- 
siderable tFme and effort was required to make complete records and place these 
items ar: IBM. Information *kas obtained from records of field pePsonne1 as well 
as a screening of work'orders, purchase orders and receiving reports filed in 
HLO Financial Operation. 
carried on IBM and reported as a memo to Plant and Equipment in Service. 
tags were placed on equipent during the inventory. 
part, were placsd on component parts of systems which had been previously tagged, 
3r RDX equipmat. Three hundred twenty-four pieces of equipment were inventoried 

A ccrmplete listing of Whitney equipment will be 
aifty 

These tags, for the most 

UmcLAssIFm 
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with a value of $57& 

J- 3 m- 59717- 

395. Five items ($451) were found to be missing. After 
a thorough search, a request to write these items off from record was sent to 
the University of California Radiation Laboratory. 
a letter to R. L. Warburton, dated March 25, 1959 from L. A. Fitzgerald. 

Approval was received in 

In accordance with the AEC Manual, Section 1104-11, the Commission has requested 
we add to record equipment acquired under Washington Designated Contracts ia 
completed plant accounts. 
recorded in ccunpleted plant by the use of the non-fund adjustment account (3561) 
and equipment purchased in the current fiscal year will be transferred to 
completed plant through EWIP. Previous years acquisition are 82 items with a 
value of $92,781. 
are 7 items at a value of $7,453 for a total transfer to completed plant from 
Washington Designated Programs of $100,234. 

Equipent purchased in previous fiscal years was 

Current year acquisitions transferred to completed plant 

Work was reamed in March in connection with our program of insuring the correct- 
ness of Property Accounting fixed assets. A concentrated effort is being made to 
complete the inventory and up-dating of our records of fixed assets. 

Preparations were completed and a procedure distributed for the physical inventory 
of uninstalled cataloged equipment in the custody of Chemical Research and 
Development Operation. ' The iqventory will begb April 6, 1959 with an antici- 
pated capletion date of Apri2 v, 1959 for field work. 
inventory of uninstalled cataloged equipment for fiscal year 1959. 

This is the final - 

Reconciliatim of the physical inventory of uninstalled cataloged equipment in 
the custody of Reactor and Fuels.Research and Development Operation is complete. 
A listhg of mlocated equipment was furnished to the Section Manager for his 
revhw and far use in locating equipment. 
except for 12 items valued at $2,278, 
Equipment Report, a report of results will be issued. 

All of the equipert was located 
Upon receipt of a Missing Plant and 

COST ACC0uM)ING OPERATION 

Preparation of the Budget far FY 1961 and Revision of Budget for FY 1960 is 
cwrplete. Submissior cf data fo Contra25 Accounting has been made with the 
exceptim of the "Pr~posais for Research and Developmelit" which are presently 
bei,?g typed in fin& form. 

Foilowing is a s-mmary of RLO operathg program requirements for FY 1960 and 
FY 1961 as compared %.c: the current budget for FY 1959. 

(AmouC,s iz: Thousands) FY 1959 

HLO Research & Deve&Gpment $ 7 836 

Special Requests 715 
Project Whitcey 669 
Washington Designated Programs 419 

Equipment & Construction Work in Progress 85 
Miscellaneous-AEC, Inventories, etc. 15 

Off-Site Research & Develapmect 

Standby-Hot Semi-works 
Sub - Total 

FY 1960 

$9 378 

1 000 
660 
441 
140 
10 

36 

FY 1961 

$10 464 

1 000 
660 
467 
158 
10 

36 
12 795 

1252291 UNCLAsSIFiED 



(Amounts in Thousands) FY 1959 FY 1960 FY 1961 

Charges to Other HAP0 Components 
Research and Developnknt 
Process Technology ' 

Other 
Sub-Total 

Seece Assessments 

$ 5 255 $ 5 189 $ 5 155 
681 737 

Total HLO Requirements $- $32 238 $- 

The follarlng budget adjustments were made in March to the FY 1959 Midyear Budget 
Review and reflected on March cost reports. 

1. A reduction of budget fluids from $480,000 to $200,000 in the Plutonium 
Metallurgy Operation for the fabrication of the U-233 Fuel Plates to 
reflect the current authorizaticm rather than the estimate made last 
Fall. 

2. An adjustment to reflect the fabrication of transplutonic fuel elements 
as a part of the HAP0 2000 Program rather than an off-site special re- 
quest as originally budget. Funding for this fabrication job, estFmsted 
at $210,000 operata costs and $40,000 capital equipment, will be pro- 
vided from the existing approved f'unds. 

An hcrease of $22,000 in the Plutonium Metallurgy Operation for 234-5 
Weapom Research and Developme32 sponsored by the Chemical ProcessLng 
Depaztmeat. 

3. 

On March 20, 1959, 1,019 envelopes contabing Company Proxy Statemeats, a card 
ell+,ftled "Vote Instnictims to Trustees", a 5usinsss reply envelope, and a cover 
lerter of sxplanaC,ion frm Mr. Cordiner and the trustees, were delivered to 
participants of tfre Saviags-aad Security Program along wi%h an equai number of' 
envelopes contain- $he 1958 hual Report. 

Avsrags stock price for tie month of February was $77.743. 
Fcbrusry, emplcyeas' coilsctiz. for Savings and Security Program amounted to 
$y,291.33. 
i;lcmxive shsres amounted $0 $6,704.06. 

1958 hual Reports were delivered 3~1 March 2'7, 1959 to Stock Bonus Plant partici- 
pats who have not as pt becane share owners through participation in prior 
years, or who did not receive a capy of the Annual Report as participants in the 
Savings and Security Program. 

During the month of 

Company prcportionate payment amounted to $19,246.78 and the cost of 

ia an-Sicipation of the transfer of respmsibilities, a manual was prepared and 
trazsmitted 20 Persmnel Accouating, Cmtract and Accomtizlg Operation, 
explaia in dezail the prcpara%ia of all reports and statistics prepared for 
HLO managemeat, AEC, e3c. 
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PROCEDURES 

The initial. IBM tabulation of off-site ccunmltments for material and/or services 
has been received. 
procedure has been turned over to HLO Cost Accounting for routine operation. 
The tabulation shows open requisitions, purchase orders and contracts for 
each research program within an operation. 

The necessary details have all been established and the 

Same liaison work was performed with Data Processing during the month to obtain 
a satisfactory summary tabulation of active work orders written by HLO personnel. 

Discussloas were held wtth other HAP0 procedures specialists for the purpose of 
designing one form to be used for adding employees to the roll and for changing 
the status or information pertinent to an employee. 
several separate forms which are now used. 

This one form would replace 

Contac5s were made wi+h four differert Canpamy laboratories to exchange informa- 
tian and to study approaches used elsewhere. 
subject of laboratory measurements was attended. 
costs into these assoziated with the different types of shops is neazly complete. 

AUDITING 

In addition, a meetkg on the 
Abreakdown of Technical Shop 

The fhal draft of the Work Order Audit report has been completed and referred 
t3 those concerned for rsviev. Field work has started oc the Audit of General 
Accoun5s md Cash Csntrsls. 

Manager - Finance 

1252299 



5-6 

Pa-poll Statistics 

Non- 

Exempt 

635 

2% 
a 

Total - Exempt 
Number of HLO Employee 

Changes During Month 
Employees on Payroll at Beg- of Month 
AdUtions and Transfers In ' 

Removals and Transfers Out 

1210 575 
7 (3 (6) 

Rnplayees on Payroll at End of Month 
.. 

0Peri;ime Paymen ts Dura Month 
March 

13 288 

- 
$4 om 

February 

$ 5 172 
io 062 

$U $- 

Gmss Payr ell Paid During Month 

Ex*" 
Salaried 

$468 436 

$pa 250 

289 814 
$445 638 
284 685 

Total 

Participatior in I;=mployee 
Benefit Plans at Month End 

March February 
Participation 

Number Percent 

1 157 98.9 

Participation 
Number Percent 

1 165 99.0 Pesvicn Plan 
hsurance Plan 

Personal Coverage 
Dependent Coverage 

U.S. Savings Bonds 
Stack Bmxa Pm 
Savings Plan 
Savings & Security 

1 245 99.8 
834 - 

Plan- 

75 37.3 
91 7.4 

1 024 93.7 

75 37.9 
95 7.9 

1012 94.0 

824 68.1 841 68.6 Goad Neighbor Fmd 

Insuraace Claims 

Emplcps Becef its 
Life Insurance 
Weekly Sickness & Accident 
Canrpreh€Asive Medical 

Caqr =her S ive Medi c al 
Depedent Becefits 

March 
Number Amount 

February 
Number Amount 

0 
1 163 

0 $ 
12 

64 5 on 

0 

15 
55 

0 
1 678 
5 187 

xi 14 580 11_3 7 457 

- 183 - $14 322 Total $20 800 22 - 
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INVENTIONS OR DISCOVERIES 

All persons engaged in work that might reasonably be expected to 

result in inventions or discoveries advise that, to the best of their knowledge 

and belief no inventions or discoveries were made in the course of their 

work during the period covered by this report except as listed below. 

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. 

Such 

INVENTOR TITLE OF INVENTION OR DISCOVERY 

W. S. Kelly 

L. L. Ames 

R. H. Moore 

A. R. Keene 

1252302 

Movable Outlet on Air Supply Ducts 
Using Metal Zippers 

The Removal of the "Bone-Seeking" 
Groups of Radioisotopes from Solution 
by a Calcite-fluoride or Apatite-fluoride 
React ion 

A Pyrochemical Process Applicable to 
a Thorium Breeder Reactor Fuel 
Cycle (HW-59800) 

An Improved Fluorescent Lamp 

UNCLASSIFIED 
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