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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. Neither the United States, 

nor the Commission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with respect to the accuracy, com- 

pleteness, or usefulness of the information contained in this report, or that the use of any information, 

apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, or for damages resulting from the use of 

any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any employee or 

contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 

tractor of the Commission, or employee of such controctor prepares, disseminates, or provides access to, 

any information pursuant to his employment or contract with the Commission, or his employment with 

such contracior. 
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BUDGETS AND COSTS 

July operating costs totaled $2, 137, 000 or 870 of the $28, 049, 000 tentztive 
control budget. 

financial plan and the proposed departmental allocation of funds by ',he 
General Manager - HAPO. 

The budget is based on d&:k con:&,ined 21 the iniziili. AEC 

Hanford Laboratories' research and developmerd costs €or July, compared 

with the tentative control budget, are as follows: 

(Dollars in thousands) 

HLO Programs 
02 Program 
03 Program 
04 Program 
05 Program 
06 Program 

FPD Sponsored 
IPD Sponsored 
CPD Sponsored 

Zuly 

$, 63 

cost 

6 

888 

87 

233 

1277 
85 

87 

12 1 

Annual 
Budget 

$ 1069 

175 
11 150 

1293 

3 154 
16 841 

1300 

1325 

1354 

70 
Spent 

6 ($0 

3 

8 
7 

7 

8 
7 

7 

9 

- 

8% - - Total $1 570 $20 820 

RESEARCH AND DEVELOPMENT 

1 Reactor and Fuels 

In an effort to reduce burnout of the graphite, PI: Hanford re2c:ors 
recently began operation under provisions of a Process Change Authori- 
zation. The effective seduction of air in-leakage was demofistrazed by 
monitoring samples charged into three charnels at C Resctor or! -Tune 3 

and removed July 3. Weight-loss rates of all samples were less :kan 
2% per 1000 operating days, whereas between March 16 ad June 3 ;he 

weight-loss rate was as hign as 25%. 

- 

It was concluded from visual studies performed with an electrically heated 
test section in a glass tube that little or no boiling would take pkce between 
the process tube ribs and the fuel elements in the Hanford production 
reactors under normal flow and heat generation razes up to 1-1/2 times 
no rmal. 

1230884 
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The burnout he2t flux for ai NPR fw? elemen+ m- whL.?i the inner fuel 
tube was positioned 8070 eccertric toward the outer fuel tube w2s fomd 
to be approximately 50% of :ha1 for [I^:o:-cent:z-i= pl;r-.erne~t of the ker 
fuel tube. 

A PRTR Mark I fuel element was hstd'led in a transparent process tube 
and was examired for vibratioas icdut-ed by flow of cooling water past 
the element. No vibmtions were de%.',ed wizh I stroboscopic light or 
with high speed motior, pictrrres at flows ~p to 125 gpm. 
were induced in the outlet nozzle a small movement of the fuel relative 
to the process tube was detected i.1 the high speed motion pictures. 

When vibrations 

An investigation of the nuclear sdety of the PRTR loaded with mixed 
uranium-plutonium oxide fuel wzs completed. It was found :hat the 

negative fuel temperature coeff icier:?, whlcn inherently operates to 
limit excursions, is nearly twi:e as large iis the effective vdue for the 

present zone enriched core; the effective delayed neutron fraction is 
substantially reduced and ranges from 0.0046 to 0.0033 for the loadings 
studied; and temperature and void coefficiects of the moderator appear 
to be slightly more negative t5sa fcr ;he presezt loading. 

Caleula-cions of reactivity and fKek rs~rnup for a phto_n,ium-fueled fast 
reactor for spacecraft appliczitions ;idlcated ?A& :ore life or co2ttrol 

spa are not significantly benefikd cy vary-xg rhe isotopii, compoeltion 
of plutonium . 

A prelimin-ry study was complezed of FRTR power level poteztia! 

without major modification. It WA~ estrmnted zk:t PRTR power level 
could be ixreased to approximatel: 100 Mw zc 2 cost of $100, 000 or 
less and 2-6 weeks' shutdown tf-me, depey-c-drp-g primarily oa wh?: modi- 
fications are required to light water L--:~L::OE w-d prim--.y ssstem 
pressure relief equipmect, Lnd tLx appToximately ore yehr's time 
would be required for design and szfepzrds ardysis 

curement and modification, w-d p-o -essing the siifeguarrls analysis. 

.. 

equipment pro- 

Zircaloy-2 clad uranium rods havir-g ~~ez:-Lord strktions of up to 3070 
of the cladding thickness have wi?.h\_~ooc! ckdamg sjtrahs up to 3. 5% 
without failure. 
or higher. These data are GOnSi,3T2ct with previoes observations on 
Zircaloy-2 cladding irrsdiated =t temper,twes above 350 C. 

Cladding ternperdu! es dcrkg i-nr.kdi&on were 350 C 

I230865 
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The experimental sk-gle tube, dxS -e-;.;cLed he', 5lerne:i ;s nearing 
completion of its second cycle of irxliZior- 2, ;!:e ETR M-3 Loop. 

Pesk specific power is calculr-ted TO be 130 KW-/f;. wkh a corresponding 
maximum fuel temperature of 410 13. 

Metallographic examination of N-kner t-;kes iz padisted to 3000 MWD/T 
is in progress at Radiometallu~gy. Cross-sections of the tubular com- 

poneat do not show visikle inter :,?& t~ckling a:d no deficfltrcies have 

been observed in the brzze :!osur+. SmLl kc, tvpi1-::2 o? high 
exposure fuel, are evidezt ir the fidel zdj&cgr_t to the closure. 

The high temperature duetil2y c2 sktered YO2 pkte? wra demonstrzted 
by twisting them more thzci i80 degzees wif-hwLt fz-c:::;ze at tempera- 
tures above 2000 C. 

Welds produced by laser radia.r,io-. we.-e av;;lkatved. 
operating laser beam appears necessae to achieve results comparable 
to those of high voltage electron beam welding. 

A corrtinuously 

Photomicrographs of 21.-2 dzddk g samples from two irradiated PRTR 
fuel rods revealed what appeEred to Se excez-'ive hydrLdkg (150-200 ppm) 
However, vacuum fusion ardyaea of cl~dd-hg fro3 t9e SI-T~ rods 
indicated 3 7-55 ppm. 
cation history contains approximate>/ 35 ppm hydr~geec. 

Non-irr3dkted Zir-cdoy :?~viiig Ae ssme fabri- 

High energy impaction of a powder mixture Lavir-g the composition 
U02 - 40 mol percent Zr02 prod-iced p~,Ai.Ass '.:zvil=g a density of 

9.35 g/cc (94. 4% T. D. ). 
of U02 005 was prepared by high eriergy imp- YLO~ of a rnkctu-e of 
uranium powder and hTO2 04. 

A disper;io?- .c,a\Lig a ove?-dl ?ompositiorL 

Two hundred 0. 050-inch diamete-, high dezs?y ;;?t?%rn oxide spheres, 
fabricated by grindikg high enl3Ygy impacted -VttTLk powder, were 
delivered to Irradiation Proi-esai~g Depe-cnert fo- FTL'PE:.L% ridia-lion 
sources for cancer therapy. 

Uranium mononitride powder was nigzL ene-mgy impacted iz~ vacuum, at 
1100 C and 500, 000 psi, to yield a bulk material kvhg density of 

14.25 g/cc (99.5% T. D. ). 
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The University of Washingtor- received zs~ist~.~ce frodm RLO in the 

fabrication of test fuel epecimezs for expeziments et the Vniversity, 
consisting of rolling of sevec butforts of 
uranium-235 to 0. 050 and 0. G25-kch &eei. the dizping of six sheets 

to rectangles with a drilled center hole, and the forming of 0. 025-inch 
discs to fit the center hole of each such sheet. 

&toy of alzlminum and 

Tensile tests, internpted 2: k-iemsl; Eos X-my pbtogrsphs, have 

been performed on five unirmdizked si-;gk-crg.skl molybdenum speci- 
mens. 
to calculate resolved shear sirrases for molybdenum. 

The results will be utilized to determine deformation modes and 

Two general swelling capsdes tF.2: hve ,-cuAed their goal exposure 
were discharged this mozLh ad two pew capscles were charged. Two 
previously irradhted capssules are k(3b-g disassembled in Radiometd- 

lurgy for specimen recovery 2nd exami?_~&%on. 

Flux monitors have been iza%di..-.ted .ad disckarged from the in-reactor 
creep capsules. 
flux measurements. 
calculate the actual flux affectbg the creep of the Zircsloy-2 specimens. 

New flux XLOA~~OTS were rc;c%rged to continue the 
An exiskg csDmputer code is beirlg zdapted to 

Preliminary tests have shown tkt t!ie dkdir.e permmgurzte, now recom- 
mended for the first step is dewmhm&atioz of stakless steel, is very 
effective in removing chromium pktk. 3 is I'rzlpor"lz7t that chromium 
plated parts not be used in reactors to be clem-ed by procedures using 

this reageDt. 

Hydrogen analyses have beer. rceived or- zircoghxn samples exposed 
to simulated NPR gas atmosphere, ~~-~-ezztor, for 167 dzys. Corrosion 
product hydrogen pickap in irrsdizted samples wi?s approximately the 

same as fo? comparable samples exposed ex-reactor. Corrosion weight 
gains i? the reactor were a5oct twi~z 2.s m-&i LS comparable ex-reactor 

samples. 

A PRTR, U02 fuel elemer-t, eisF?eb?d :o merag9 rector flow rztes in a 
single tube mockup, cawed no detec;za3e corros im at poiits or' contact 

after three months of operiztioz wtii the he1 -k the same location. 
Earlier tests had caused 1-5 mils deeps =nzrks k- the tube wall at 
points of contact with the fuel exposed 2s sh.zt as two weeks. Apparently 
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Some undetected change in conditims has OcCl~T~~d between this aid 

previous tests. 

Feilure inithted at a 17-mil deep ire-2i-q co-rosioa. merk b a room 
temperature burst test of a sectioz of irradiztzd, 45% cold worked, 
PRTR pressure tube. No evidence cf hydri5iqg K?.S fc:nd under this 

mask which was produced by cortnct betweer th?; tcke wall md a single 
rod wire wrap. 

Twenty-eight Zr02-Pu02 rods were fabricated by cold swaging for a 
special irradiation cluster for PRTR irradiztion. 
zirconium-clad, plutonium-zirzor,iwn alloy fuel plates weTe roll-clad 

for an extended surface fuel eleme??. 
to selected temperEkres ad cozlt~d zt -.arbw r?.tzs to stlldy possible 
phase transfarmzticcs. 
ylelded FCC dpha-Pu203 cmtskklg 2Cqrb R3C d7l;a-Pu203. Slow 
cooling to room temperaturs in 3 vacuum from CjCO C gave a two-phase 
mixture of Pu02 aqd what appears to be PuO. Also, PuOl. 62 was 
observed to have a melting of /cr24CC! C LI a hsl.i;xxt zt-nosphzre, com- 

pared with tbe apparent rnelthg point af 2212C r3 far FkOz under the 
same cond3ions. The mcm temTeyet1ire resistlvit:J a€ Pc02 has been 
determhed to be 2 x 10" ohns-zn. 

Two additional 

FuOI-. 62 samples were heated 

Fact cmliiq frcm 1000 2 zt rccm temperatdye 

1230888 
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2. Phvsics and Instruments 

Andysls of buckling values of the NPR latt:~? bas PCW bzez completed. 
Exponential pile measxx?merAts T~TO Fd;"fo?-Tned kA p:?evSolrs rnon:hs on 
a mockup of the N-Reactor lzttice and OT?- a condensed vereim of this 
lattice. The condensed Fittics, 2s the nazne impEes, removes the voids 

which are present in the mockup> bit retaks the same a-mouEt of 
graphite per kttice cell. 
is 2. 1 times the buckling vaJe for the mockup l~ttic.-?. 
in buckling is a measure of the effect of the voids in the mockup lattice. 

The hiickcbg vahe for the c9,zrlemed lzttice 
The difference 

hstrumertation activities in support of the XPR project included: 
sensltiviQ and sh.ieldirlg cd~ulztiona for the top arc! bcttom shield 
ionization chambers; reviews of specifixtions for dl the ~ucleu instru- 
mezxtztLon systems; f-irther test?-g of the vendc;r ~mtotype gamma 
spectrometer for the rupture monit3,r arLd recommepdation of modifications; 
and calculations of shielding for the Trzveling Wire Flux Monitor. 

Eddy current testing of more than 28 miles of small diameter Inconel 
tubhg for NPR was nearly com?let?d. 
eddy current indications with burst tests indicate tkzt up to 4% of the 
tubing may need to be rejected; 

PrelLmi22q7 Torrelations of the 

The White Bluffs equipmellt used for NPR proctas tube teathg was 
trmsferred to HLO. 
and for Limited testing of Zircaloy kbes for the K r?a.c+.ors. 

This facility will be ased for remain_b-g XPR work 

Studies of the effect of overbcrhg C-Rcz.;c",.r zs.tkxed with a. Scckl5g 
measurement cia a C pile mock; ~on.zir-kg one ccscttr;l 

center of the exponectial pile. 
i.r_ the 

A progran to mezsure the effwt of rieztron ica&ztioc on K-Reactor 
cont~ol splines colltinued. 
PCTR measurements on the cart;-d sI:.:lkes will be mbde l&?r in_ the 
yeer when d1 sets have accurn-cllat.tei-2 t5e desired exposures. 

&-e wet of splines rzachd its goal exposure. 

Methods were recommen2ed fcr &proving the I'iasiofi coucters for the 
sxbcriticzl monitors arid for qqlykg fission ~;.r~dera as poison splirre 
monitors kt the existing reLCtors. 

I23088ct 
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Tzseful data for the studies on reactor automatic soritrol were obtained 

fmm tests at KW-Reactor, and progress was made in the developmexd 
of a satisfactory analog model for the control ad transfer function 
analyses . 
Preparation, operation, and revision of various versions of the reactor 
kinetics code TRIP have continued in support of hazards studles on the 

production reactors. 

Criticality experiments continued on plutonium nitrate solutions in a 
14" spherical vessel. The effect of acid molarity on criticality was 
studied for solutions in the concentration range of 30 to 45 grams of 
plutonium per liter. 
increased the critical mass of the 14" sphere by about 157'0. 

An increase in the acid molarity from 2 to 4 

The first load-out of dilute plutonium solutions from the Critical Mass 
Laboratory for transfer to a concentrator in 234-5 was accomplished 
without spread of contamination or other incident. 

. The effect of newly installed shielding wdus arouid a storage hood in 
the 234-5 Building was measured using neutron multiplication techniques. 
The walls are flat tanks containing water. 
ments show that it will not be necessary to reduce the number of 
plutonium pieces which may be stored in the hood. 

The results of the measure.- 

A training course in nuclear safety was begun during the month at the 
request of CPD personnel. About 1QO CPD Supervisors are to attend 

the course in groups of about 25. Each group wjll receive 10 lectures 

, on nuclear safety. 
-- __ -_ 

The aalysis of the criticality problem asscciated with dissolvir-g 
plutonium conthues and a theoretical study to compute the hJ.c&Fng of 
partidly filled, reflected spheres was begup. The analysis method 

for calculating photon heating from Cs- 137 ir- shipping contahers was 
developed for Chemical Development Operation. An analog st7rdy of 

rzdioactive waste disposal heat transfer had to be suspended until 
s xfficient computing equipment is available to obtai? a solution with 
the necessary detail. 

Analysis and evaluation of fuel burnup data from PRTR Pu-A1 element 
5075 continues. Possible problems associated with Pu and Cs-137 
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concentration measurements are being investigated. Burnup analyses 

analogous to those performed on Pu-A1 element 5075 have begun on U02 
element 1041, which was exposed to about 2000 MWD/T, for checking 
Laboratory methods for analyzing U02 and U02-Pu02 elements. 

Approach to critical measurements were made using Pu-A1 rods in a 
Light water lattice with a .85"' spacing between rods. 
the loading was made up of 211 rods containing 5% Pu-240. 
zone was made up of 240 rods containing 6% Pu-240. 
number of rods for criticality was 486. 
smaller than the number obtained for a uniform mixture of the two types 
of rods. 

The incer zone of 

The extrapolated 
The outer 

This number is two percent 

The analyses of the experiments of 5.0 w/o and 1.8 w/o Pu-A1 rods in 
wster have been completed. 
cases. 

Rods in H20 Comparison of Eigenvalue and Perturbation Analysis 
with Experiment, I' by J. J. Regimbal was submitted to the American 
Nuclear Society for presentation at the Winter Meeting. 

Excellent agreement was obtained in most 

A paper on this work, entitled, ttPlutonium-Aluminum Alloy 

The neutron'temperature in a 19-rod fuel cluster was determined by 
activation of lutetium foils in the PRTR. 
between adjacent fuel rods in the outer ring of rods. The neutron 
temperature was found to be about 25O C higher than the temperzture 
of the moderator and coolant water which were near room temperature 
at the time of the irradiation. 

The measurement was made 

Analyses of PCTR data on low exposure Pu-A1 fueled graphite lattices 
continued. New calculations on for a 10-1/2" poisoped lzttice gzve 
160 = .974 as compared with the experimental value of 1.00. 

Preparations for PRCF startup included work on test procedures., flux 
traversing rigs; and neutron counter assemblies. Assistance was also 
provided on hazards evaluations for two different PRCF loadings. 

Code development on the two fuel cycle burnup codes, CALX and RBU, 
continued. 

library are being updated. 
cross section data for other reactor physics codes to insure uniformity 

in these data used in analyses. 
ming Operation in analyzing a fuel element design having spatial 

The cross sections of selected isotopes in the RBU basic 

The library is used as a source of basic 

Assistance is being provided to Program- 

I23089 I 
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self-shielding as well as assisting in fuel cycle analysis work through 

code development. 

To test a basic concept in reactor theory, a measurement was made on 

the angular distribution of neutron current flowing into a strongly absorb- 
ing rod. Preliminary comparison of Sn transport theory predictions 

with the measurements has provided a contradictory evaluation of the 
level of reliability of the Sn analysis method. While good agreement 

with experiment is obtained on the angular flux distribution in one 
direction, non-physical flux oscillations are obtained in the opposite 
direction. Although it is felt that this instability may have only 

localized second-order effects upon the calculation of the important 
reactor parameters, until it is cleared up, future Sn analysis in 

curvilinear geometry should be carefully scrutinized. 

Major portions of the work on "Fuel Re-Use'' have been redone, using 
more realistic compositions and more detailed calculational procedures. 
The fuel concept still appears attractive. 

The program for measuring the scattering of low energy neutrons from 
water molecules continued. 
the effect of multiple scattering in the water sample on the experimental 
results. 
being written for presentation at an IAEA Conference at Chalk River. 

Measurements were made to determine 

The data obtained to date are being analyzed and reports are 

Initial tests were satisfactorily completed on an improved system for 
.determining the power-density spectrum of reactor flux "noise". Work 

with this is expected to be applicable to design of an analyzer for deter- 
mining the correlation between moderator-level and power -level 
fluctuations at the PRTR. 

Cobalt-60 radiography at PRTR confirmed that a vane had broken out 
in the flow-straightening section of the primary loop. 

being installed for vibration measurements on PRTR piping. 
Equipment is also 

Tests confirmed the anticipated advantages of a new graphical alternating 
current nulling device being developed for use with either conventional 
or multiparameter eddy current nondestructive testing equipment. 

1230392 
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In the development of ultrasonic methods for the nondestructive testing 
of fuel sheath tubing, good correlations were obtained between experi- 
mental results and theoretical predictions based on postulated Lamb- 
wave propagation. 

One of the new prototype shirt-pocket sized dose meters which audibly 
alarms was completed for testing. 
of the ionization chamber fiber after an integrated dose of 1200 r. 
Research is continuing towards relieving this problem. 

Another unit failed due to sticking 

The study of radioactivity in Alaskan Eskimos is proceeding satisfactorily. 
Measurements are still to be made at Anaktuvuk Pass and Point Hope 
and a few more at Kotzebue in hope of finding some Diomede Islanders. 

Off-site work in the atmospheric diffusion program at Vandenberg Air 
Force Base, California, was completed. One hundred eight experiments 
were completed in the three series at this site under a variety of 
meteorological conditions. These data provide not only the basis for 
the formulation of prediction methods in support of advanced missile 
firings, but are an important addition to the studies in basic diffusion 
as related to topographic and climatic parameters. 

Promising results were obtained from preliminary experiments on use 
of silicon sudace barrier detectors for monitoring airborne alpha 
emitters. 

6 Tests of a new experimental scintillation transistorized, 1-10 mr/hr, 
logarithmic response area radiation monitor led to modifications to 
reduce the sensitivity to temperature changes. 

Installation of the recently developed Automatic Conveyor Type Alpha- 
Beta-Gamma Laundry Monitor was nearly completed and testing was 
started. 

A special groove-depth microscope, with an accuracy and repeatability 
of 80 microinches, was assembled, tested, and delivered to the 
Lawrence Radiation Laboratory for use through a hood wall. 

1230893 



xv HW-74522 

3. Chemistry 

Addition of silicate to a tube in KE reactor at a concentration of either 
10 or 20 ppm results in a reduction of phosphorus-32 and arsenic-76 in 
the effluent by a factor of two to three. 
radioisotope reductions of a factor of 10 are potentially possible. 
difference between the plant and laboratory results is yet to be resolved. 

Laboratory studies indicate 
The 

The water treatment plant for supplying "tailor -made" process water 
to two tubes in the KE reactor is now operational. 

On the basis of laboratory studies, Purex process equipment was 
modified to permit alkaline permanganate washing of the second cycle 
solvent. Almost immediately, improvement in 2D-2E column pedorm- 
ance was noted; higher pulse rates without flooding were achievable and 
waste losses improved. 

Engineerkg studies have failed thus far to define the source of operating 
difficulties that are being experienced with the Purex plant formaldehyde 
reactor for the denitration of the 1WW waste stream. 

Preliminary studies show that about 8O$o of the plutonium present in 
Purex 1WW can be extracted from the as-received waste by batch 
extraction with a D2EHPA-Soltrol solvent. After feed adjustment, about 

8070 of the neptunium present was extracted. 

In behalf of waste management studies, the extraction of cesium and 
strontium from citrate complexed Purex waste by D2EHPA-Soltrol and 
the subsequent partition and recovery operations continue to show txh- 
nical feasibility. 

Although near quantitative precipitation of cesium, as cesium 12 -tungsto- 
phosphate, from s-hulated Purex formaldehyde treated waste can be 
readily effected, phase separation efficiencies obtained in engineerihg 
scale cextrifuge equipment are found to be only 70 to 8070. 

The extraction of cesium from simulated Purzx formaldehyde treated 
waste by clinoptilolite results in_ fission product decontamixation factors 
of 2 x lo3, 9 x lo4, 1.4 x lo5 and 7 for strontium, cerium, ruthenium 

and niobium, respectively. Complementary studLes showed that ciinop- 
tilolite lost only 1670 of its original cesium absorption capacity after 

eight process cycles over a 60-day period. 
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Dissolution rates of fused, cesium bearing c2hoptgolit.e i?_ 'AF water 

at room temperature were found to be approximately ecpai to those of 
the most insoiuble glasses. 

Two hmdred gallons of current, centrifuged mt- rex 1WW waste was 

obtamed for use as feed to the radiant heat spray calciner h-stalled in 
the High Level Radiochemistry Facility. 
to contain about 13 volume percect solids, the particulate materi& is 
easily sarspeoded m-d is not expected to cause excassive oDe_pa'.ional 

problems. 

Although the waste was found 

Miniature puke column studies showed that cesium, after extraction 
into a dipicTlamb-e -nitrobenzene-tetralm solvent, zould be back extracted 

readily i~to dilEte nitriz acid wlth a high (99. 970) recovery efficiency. 

Characterkation studies of sludge in the 108 SX tank revealed that the 
14-inch-thiek solid deposit consists of relatively hard and thin (2 - 3 
inches) top and bottom layers with a softer center layer. 

Glass-like sol:ds can be p-odured by fus5-g Lkde Ze.=Li?e 13X w:th a 
mixture of Si02, B203 ard LiF. 
obtained. 

A volume red-_lcf.ic.n of about three is 

Studies to deermine the cause Gf ?ow extxictior? effirLencks of :.tdio.- 
iodine from Redox stack gas by charcoal beds revealed the Feserce of 
two radio-iodine bearhg componer-ts. 
zbscrbs wi%h a high efficiency [~9Col,>. :he mk-cr component 42%) absorbs 
with a ve-ry bow effiiisncy (,- 770). 

The major nolr,poEert* (99%) 

Engineerkg studies show the cifffusior cf molter cHor"_e sc-.l+s +hx,ugh 
walls of gyaphite contahers caA be prevexed by the applistim of low 
external gas pressures. 

An elec:mlyt,ic technique was exami-ed for the purrfitrtlor of xx:i~rlli- 

m+ed molten crloride salts. 

98 and 60 percent of the uraniun, ,ran, plutonium ad europi'am, 
respectively, cirn be removed readily. 

The wuclfdes, Zrg5 - Nbg5 and Ru106 have been prssent in surface air 
all thraugh this year at steadv levels of about 0. 1 d/m per cubic foot. 
AIY samples in ,3uly showed the Zrg5 - Wg5 coccer?--&tion at the 
12, 000-foot level to be abmt 100 times +,he surfsce xrhmination. 

PreFimhnary results sh-ow th2.t '39. 39, 3'7. 5, 

I23O895 
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Calculations were made to compare the shielding requirements of fission 
product promethium relative to other radionuclides when used i~ a heat 
source generator producing 250 watts (thermal) with an allowable radi- 
ation level of 200 .mr/hr at one foot. Three-year-old promethium was 
found to require about one-twentieth the lead shielding necessary for 

either Sr-90 or Cs-137 (0.2 inches vs. 4.5 inches). 

4. Biology 

Three hundred nineteen people from Point Barrow and 62 from Anaktuvuk 
Pass, Alaska, were counted in the whole-body counter. The Anaktuvuk 

people, who are nomadic and utilize much caribou, contained the highest 
levels of Cs-137 found to date. Total body burdens of permanent Eskimo 

residents of Anaktuvuk averaged 400-440 nc with a maximum of about 
790 nc. 
about 35-50 nc. 

The permanent Eskimo residents of Point Barrow averaged 

Thyroid adenoma was observed for the first time in a sheep that had 
received a single dose of 1-131. The animal had been given 3 mc of 

1-131 orally in 1958 when it was six months old. 

Following exposure of rats to I- 13 1 aerosols, the maximum level of 
1-131 in thyroids was about 20% of the total deposited. 
levels of 2.5% of the total deposited were obtained when the 1-131 was 
diluted with lo6 atoms of stable 1-127 per atom of 1-131. 

Maximum thyroid 

Gross examination revealed fatty livers in rats intravenously injected 
with 6, 12, or 24 mg citrated Np-237/kg body weight. Animals receiving 
the higher doses did not survive past 48 hours. Some of the rats whieh 
received 6 mg/kg died within 48 hours, but others survived to the 
72 -hour sacrifice. 

Survival studies of rats which were treated with 1. 5 mM/kg EDTA as 
the zinc,, manganese, calcium, or nickel salt before receiving 800 r 
whole-body X-ray suggested that the protective effects of treatments 
employed may be dependent upon the cation rather than on the EDTA 
moiety. 

X-radistion caused yeast cells to lose potassium to washing solutions. 

The capacity to retain potassium was restored, however, by placing 
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the cells in glucose solution, indicating repair of the damaged K- 
absorptive mechanis m. 

The biological half-life of Ce- 144-Pr- 144 retained in the whole body 
from inhaled administration was 400 days in two dogs at 100 days after 
exposure. 
DTPA were equally effective in clearing Ce-144-Pr-144 from the lungs 
and whole bodies of dogs after exposure to Ce14402. 
most effective when started immediately after exposure. Excretion of 

Ce-144 removed by DTPA is via urine. 

Aerosol and intraperitoneal injection administrations of 

Treatment was 

No statistical differences were found in swimming performances of young 
Chinook salmon that had been reared in zero, three, or five percent 

concentrations of reactor effluent water, 

Gamma emitters found in plankton from near Hanford, listed in order 

of decreasing abundance, were Mn-56, Cu-64, Na-24, Cr-51, La- 140, 
Zn-65, Zn-69, Sc-56, Sb-122, Mn-54 and Co-60. 

The fish disease, columnaris, was noted for the first time this season 
in fish troughs at both 100-F and 100-K Areas. 

5. Programming 

Revision of the MELEAGER physics code to improve its accuracy has 
been completed. In particular, the code can now be applied to evaluate 

reactors having higher plutonium enrichment than before. The revised 
code is being used not only to re-compute the plutonium values previously 
reported in HW-72217, but also to determhe plutonium values when 
plutonium from an unlimited stockpile is used to enrich natural or 

tails uranium. It is intended that these new results can be obtained in 
time to be presented at the American Nuclear Society National Topical 
Meeting in Richland on September 13. 

TECHNICAL AND OTHER SERVICES 

One new case of plutonium deposition was confirmed by bioassay analyses 
during July. 

occurred at Hanford is 292, of which 210 are currently employed. 
deposition case resulted from a plutonium oxide contaminated injury 
received by a CPD process operator in the 234-5 Building. 

The totalnumber of plutonium deposition cases that have 

The new 

The injury 
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occurred when a plutonium casting was unintentionally flung from a lathe and 
sliced through the hood glove and a surgical glove on the man’s hand, causbg 

the injury. After two excisions, the plutonium in the wound was reduced to 
about one-tenth of the maximum permissible body burden. A total of about 

1.9 )zc Pu was removed from the injury by both excisions (the maximum per- 

missible body burden for Pu-239 is .04 pc). It is not yet possible to provide 

a reliable estimate of the magnitude of the plutonium deposition because of 
the effect of treatment with DTPA which was administered. ----- 

There were 12 incidents at the 234-5 Building and 4 incidents in HLO facilities 
which required special plutonium bioassay sampling for 2 5 potentially 
involved employees. 

Two employees were exposed momentarily to high gamma dose rates or the 
front face work platform at the 105-B reactor during the charging of a poison 
column control facility tube with the reactor operating. The charge machine 
broke free from the ball valve assembly and allowed reactor cooling water 
to flush several poison and aluminum pieces from the tube. Although the 

men left the work platform immediately, evaluation of the dosimeters which 

they were wearing indicated gamma doses of 0. 78 r and 0. 19 r. The expos=zre 
was believed to be due to three aluminum pieces that had been irradiated about 
three minutes before the backflow occurred. 

Levels of 1-131 in local milk returned to normal values of 3 to 4 ppc/l in 
early July following the sharp rise noted last month (maximum of 68 wc/l 
on about June 20, 1962). Concentrations of fallout materials in air filter 
samples for the Pacific Northwest decreased steadily in July. 

June. 

The monthly 
average was 3 ppc/m 3 of air compared to the average of 6 ppc/m 3 noted in 

The mathematical analysis and computer program which determines the steady- 

state nonviscous flow pattern of a fluid in a cylindrical tank has been completed. 

These developments will enable numerical studies of the effectiveness of 
various axially-located circulating devices in connection with the concumra- 
tion of suspended waste products. 

In connection with the preparation of metal blanks to be shear-spun on a 
Floturn machine, a computer program was written which specifies the pre- 
cise geometry of the blank, the lathe coordinates required to machine the 
blank, and the lathe coordinates required to machine mold surfaces for 
casting blanks, The program is designed to specify blanks which (1) have 
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uniform or minimum shear during the turning process, and (2) meet the 

practical considerations involved in casting. 

An extensive analysis is being made of the relationship of warp to hot spots 
on fuel elements in the various reactors. 

differences in the relationship between reactors, probably due to the differ- 
enses in annuli. 

Preliminary results indicate 

The latter hypothesis is now being examhed. 

As a result of significant differences noted b- the mass spectrographic 
measurements by two different laboratories, a modification of the routine 

monthly measurement procedure has been adopted to aid in the eliminatior: 
of bias and/or to identify unexplained variance. 

A study of statistical properties of railroad accidents is being made based 
on data received from the ICC. 
ability that a given freight car will sustain a given impact. 

The ultimate objective is to obtrin the proh- 

A joint paper was written which describes the data logging system for ad 
calibration of the gamma absorptiometer used to assay the uranium cmceri- 
tration of pulse column aqueous and organic phases. 

An experimental design was devised for the &irna.tion of the radial void 

distnbution in tubular fuel elements from micrographs of cross seczions 
of the elements. 

A mathematical model has been fitted to data associated with liver damage 

in sheep. Further analysis is being doEe to provide tolerance bands for the 

curves obtained. 

Statistical analysis of pencil data for the first four months of 1962 was c.3-m- 

pleted. 
will be tested for Pu content only if a composite sample fails to meef zc 'e?:- 
able criteria. 

A technique is being developed whereby individual urinalysis samples 

Authorized funds for 13 active projects amount to $2, 744, 600. 
estimated cost of these projects is $9, 117,000 of which $1,484, 000 has been 
spent through June 30, 1962. 

The total 
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SUPPORTING FUNCTIONS 

The PRTR was shut down the entire month to effect repairs to the damaged 
flow -- straightening - - vanes noted late in June. Complete reactor discharge and 

draining %f3hSpri&e system was accomplished without incident. During 

various stages of the outage, advantage was taken of system conditions to 
inspect and clean the primary system of all foreign objects, and to conduct 

a total power failure test, containment tests, and special process evaluation 

tests. 

One of the flow straightening vanes which consisted of 10 gage sheets, 2 feet 

long, with unsupported widths of approximately 6 inches was found to have 
come loose. Failure was attributed to fatigue. Five major pieces of the 

vane were found and determined to comprise all of the vane. 

section was still intact in the vane assembly, one large section wzs lying in 
the vane assembly, two triangler (a4" x 6") were located in the lower ring 
header, and one small (-1" x 2") piece was located in a process tube jumper. 

The replacement assembly was made up of a bundle of 2 inch stainless steel 
tubing, 2 feet long. 

One short 

About 50% of a planned wiring improvement program in the PRTR control 
room was completed during the month. 
installing a better quality wire marker on about 1500 wires (old gum type 
labels were becoming illegible or falling off), removing about 70 umsed 

wires, and rerouting others for easier and quicker trouble shooting. 

The improvement program involves 

The 2400 volt cable to primary pump motor #3 (single speed) shorted during 
startup, destroying a section of the cable. 
molded rubber plug is vulcanized to the cable insulation. 
been in use only a short time. A spare new cable was installed md all three 
motors and the wiring between the motors and breakers were "megged" to 
ground as well as phase to phase. No defects were found. 
occurred to the motor, its connection box, or its breaker. 

The short occurred where the 
The cable had 

No damage 

After reactor discharge special flow tests were conducted to determine the 

flow required to backseat the primary pump discharge check valves and the 
primary pump bypass check valve to ascertain thzt light water injection 
€lows would provide adequate cooling under certah postulated emergency 
conditions. It was found that over 700 gpm was required and thht this was 
not satisfactory. The valves were modified during the month such that the 
bypass valve would be positively closed by an external actuator and the 
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other valves would be more nearly closed uader no-flow conditiolzs. 

sequent tests resulted in 30 - 50 gpm flows closing the check valves. 

Sub- 

A total power failure test was conducted at PRTR. 
DC power and compressed air were found to be satisfactory. b-St~~mei~i~tiO~ 

was also observed to function as needed. Air supply was shorn to be adequate 

for approximately two hours. 

Emergenc,v lighting, 

Total productive time for the Technical Shops was 21,572 hours. This 

ihcludes 16, 104 hours performed in the Technical Shops, 3975 hours assigned 
to Minor Construction, 1303 hours assigned to off-site vmdors, and 190 
hours to other project shops. 
70% is required in the current month with the remainder distrdxt4 over a 
three-month period. 
(1 13 7) of the total available hours. 

Total shop backlog is 21,929 hours, of which 

Overtime hours worked during the month was 4.8% 

Four Ph. D. applicants visited HAP0 for employment interviews. 
were extended; four acceptances and nine rejections were received. 
open offers total five. 
BS/ MS applicants; seven acceptances and two rejections were received. 
Five program offers were made. 
and eight program offers were open. 

Four offers 
Cu ?_"en? 

Eight direct placement offers were extended to 

At month's end, four dire4 FZac:omert 

Slx Technical Graduates were placed on permanent assigcmect; elgkt. -members 
were added to the roll and two terminated. 

56. 
Current progrem aembe-3 totstl 

The AEC's Inhalation Toxicity Gronp met zt Hanford on July 5 ad 6. 

Eighteen scientists from AEC -supported laboratories atterded. 

On July 29, at approximately 4: 15 p. m., a fire occurred in the Aimafirer 
room of the 108-F Building. The fire was attributed to a defe5ve bdks+ 
serving the light system. The fire was restricted to one room, and tc+al 
damage to room and equipment was estimated to be about $20, 000. 
active isotopes (tracer quantities) were contained and no spread of rofitam-1- 

nation was detected. 
incident . 

RhXs- 

There was no reported injury associated with the 

&r&A 
for Manager 

Hanford Labo rator Fes 
HM Parker: WKW: mlk 
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATICN 

A. 

TECHNICAL ACTMTIES 

1. METALLURCY PROCRAM 

Corrosian Studies 

Corrosion of Titanium Bonded Fuel Element Ehd Closures. 
Zircaloy-clad, fuel elements with titanium bonded end closures are 
currently being corrosion tested. 
exposed to 400 C, 1500 psi steamwhile the second group is being 
subjected to 360 C water. 
ment indicates the fuel elements have excellent corrosion resistance 
with no signs of accelerated attack. 

Coextruded, 

One group of elements is being 

Two weeks of exposure in either environ- 

Autoclave Testing of NPR Fuel Elements. 
autoclaving of several batches of NPR production fuel elements in 

Following the etching and 

the 333 Building facility, grey areas were found on some of the fuel 
elements" Investigation disclosed that these grey areas were dce to 
several causes; 

1. Scuff marks from Teflon rollers, 

2. Marks on the ends of the fuel elements produced by 
bumping the elexrents against the basket during etching. 

3. Contact between the ends of the fuel elements and the 
wire baskets during etching. 

4. Copper contamination produced by spatter during spot 
welding of the supports, 

To evaluate the effect of these grey areas on the corrGsion integrity 
of the fuel, representative fuel elements are currently being auto- 
claved in 360 C deoxygenated pH 10 water. Following seven days of 
exposures the copper contaminated areas were slightly greyer ir; colcr< 
Other grey areas were unchanged; however, the brazed and welded end 
closures were white and flaking. These welded areas had an acceptable 
black corrosion film when the elements were placed in the autoclave, 
l3rther evaluation of these fuel elements will be made following 
additional exposure. 

w 
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Metallic he1 Development 

Fuel Irradiations. Five N-inner fuel tubes (NIE) which were suc- 
cessfully irradiated to 3000 W/T under N-Reactor operating condi- 
tions in a KER loop, are being examined. The superficial appearance 
of these elements was good, with no evidence of outer surface bqs, 
crud, clad striations, or warp. 
whitish deposits, 
and the average OD change was +O.OO7 inch, accounting for about three- 
fourths of the measured volume increase. 
of the 23-inch elements was +O.OO5 inch. 
0.44-inch diameter bore of the tubular element indicated a slight 
degree of inner bore buckling. 
exposed uranium, were found in the fuel. 
and unaffected by its irradiation service, 

The experimemal single tube, dual enriched fuel element which had 
previously received one cycle 01 irradiation in the ETR was recharged 
into the M3 loop of the ETR for resumption of the irradiation test. 
Temperature and flow measarements of the loop water. indicate that 
the element currently is operating with a maxim uranium temperature 
of 410 C. 

The brazed closures were free of 
The measured average fuel swelling was 1.7 2 0.5 u/o 

The average length change 
Visual examination of the 

A few small cracks, typical of highly 
The closure appeared sound 

Radiometallurgical examination is continuing on the variable braze 
thickness irradiation test, GEH-4-68, 69 and 70. Two of the three 
fuel elements have been sectioned. 
be in good condition. 
braze-heat-affected zones of some of the closures, but none of the 
cracks propagate into the cladding and only one crack extended into 
the braze between the cap and the core, 
failure have been observed. 

All closures examined appear to 
The uranium is extensively cracked in the 

No indications of incipient 

Fluted NPR Single Tube Element. 
the fluted MPR single tube element are in fabrication. 
for a dunnny of this shape are also being fabricated. 
serve the purposes of checking out the die, providing flow test 
material and,? it is hoped, cap material for the'fuel element, 
billet is designed with a Zr-2 core with unbonded Zr-2 cladding which 
is thicker than that on the fuel element. After extrusion and strip- 
ping the clad, the Zr-2 core should fit the inside contour of the 
fuel eleznt clad 

The die and billet compments for 
Components 

The dummy will 

The 

Cladding Deformation Studies. Diameter measurements have been corn-. 
pleted on 12 irradiated fuel rod specinens which had intentional 
striations machined in the Zircaloy-2 cladding prior to irradiation. 
Three of the fuel rods, each containing U-2 w/o Zircaloy increased 
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in diameters approximately 3.6 percent 
or plastfc instability of the cladding could be observed. 
surface temperatures were approximately 360 C for these elements 
and fuel expos-ure was approximately 1500 MMD/T. Initial calculations 
from the diameter measurements indicate that the greatest total clad- 
ding strains took place in the specimen with the deeper,striations, 

No indications of necking 
Cladding 

The other nine fuel specimens, which contained unalloyed ur8niump 
increased in diameter a maximum of 1.4 percent. 
with the deeper striation had the largest total cladding strain. 
Although only a cursory visual examination was made on these last 
elemnts, no Indications of cladding instability could be seen. 
Cross-sectional getallographic specimens will be cut from the rcds 
to determine if the cladding strain is associated with the machined 
striations. 

Again, the fuel rod 

Fuel Element Swelling Model. A mathematical model for the swelling 
of uranium is being empirically evaluated using test data from fuel 
element irradiations. 
distributions and considers the constraint of the uranium to be 
equivalent to B pressure. 
function of temperature and burnup and has a factor whlch may be 
physically Identified as a cut-off temperature. 
twelve,fuel irradiations have been used to statistically evaluate 
the parameters in the model. 
rate of increase of the fuel temperature above the cut-off tempera- 
ture ., 

The model accounts for burnup and temperature 

The restraining pressure is a power 

Thus far, data fran 

The model is strongly dependent OB the 

Heat Treatment Studies. 
fromtube 1024 was compared with their beta heat-treated length md 
these data were compared with the as-extruded thermal coefficiert 
of expansion of the fuel. The change in length of a two-foot elemr.ts 
due to heat treatment was +OOOl5-inch for the front of the extrusion, 
-O,O@-inch one-third of the way down the extrusion, and +OL040-1ncn 
at the rear of the extrusion. 
fuel elements showed similar trend. The coefficient was 13 x 10’ 
per degree C at the front, decreased in the central section, and 
then increased to 14.5 x Samples 
from four tubes extruded under conditions similar to those for tube 
1024 provided thermal expansion data to determine if 1024 was typical 
of all extrusions made at 1170 F, 14-15 in./min ram speed, and 800 F 
die temperature. Only one of the four tubes showed as much variation 
in expansion coefficient as tube 1024, thus indicating that 102h is 
not typical. This study does indicate, however, that change in length 
on heat treating provides an easy means of detecting large variaticns 
in as-extruded texture. The small amount of data available also 

The as-extruded length of fuel elements 

Thermal expansion of the as-extruded 
6 

per degree C at the rear, 
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,indicates that &.&en there is large vari tion in length change on 
heat treating, the tendency to warp on heat treating is also large. 

Four NIE and one NOE uranium coextrusion billets were beta heat 
treated as a final fabrication step before coextrusion. 
ment consists of a single beta phase heating in chloride salt and 
water quenching 

The treat- 

A second NCN Fe-A1 additive ingot was beta treated, then alpha 
soaked three hours and water quenched prior to primary extrusion. 
N-outer tube coextrusions from the previoa Fe-A1 ingot are cur- 
rently being heat treated in a variety of conditions to observe the 
effects on compound size and dispersiong grain size., clad-core bond 
and hardness. 
element heat treatment and future billet heat treatment. 

These results are intended to provide data for both 

The effect of nitrate salt quench bsth circulation and temperature 
on the quench rate of NIE fuel was determined- 
able effect at standard quench temperature (300 C), but an increasing 
effect on cooling rates is observed at lower temperatures. 

There is no appreci- 

Fuel Component Development. 
assemblies to vibration was examined. It was found that the tendency 
to vibrate in the lowest frequency mode dominated. 
natural frequencies of the fuel components agreed well with calcu- 
lated values based on spring constants of the supports measured 
staticaily. 
of freedom system to determine the displacement of the supports as 
a function of process tube motion, support spring constants, damping, 
ami forcing frequency. The object of this study is to establish a 
basis for specifying spring constants for both the inner and outer 
fuel tube supports. 

The susceptibility of N-Reactor fuel 

The measured 

The fuel assembly is now being analyzed as a two-degree 

Fuel Deformation Studies. A series of laboratory tests designed to 
evaluate the effects of surface irregularities on the mechanical be- 
havior of Zircaloy-2 cladding was completed. Burst tests or-extruded 
tubing with internal notches of controlled geometry indicate that any 
nQtch producing more than 10 percent reduction in wall thickness re- 
sults in a pronounced reduction of the total elongation accompanying 
fracture of the tube. Sharp notches (O.OO5-inch radius) were more 
effective in this regard than notches having a one-eighth inch radius. 

KVNS Self-support. The proposed KV self-support is a "suitcase 
handle" type rail with the bridge section forged in an inverted 
channel section to provide adequate strength. The die has been 
proofed on 2s aluminum, and approximately 300 supports of x-8001 

- 
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aluminum alloy have been fabricated. 
indicates a need for some die modification to eliminate some of the 
=tal flash and produce better dimensional control. 
supports are satisfactory for testing the basic support properties 
of strength, collapsibility, and welding stability. 
(approximately 100 supports) has been provided FPD to examine 
welding behavior and furnish FFDO wlth welded supports for strength 
and collapsibility tests. No modifications will be made on the die 
until preliminary testing indicates the present design to be a 
satisfactory approach. 

N Outer Fuel Element Support. 
support is continuing in an attempt to determine the cause-of process 
tube scratching in the 314 Building mckup. 
as follows : 

Inspection of these units 

The present 

A sample lot 

Testing of the N outer fuel element 

Testing is proceedhg 

Test IV-A 

a. Process tube length '5 feet 
b. Lubricant St a-bi c proce s s water 

d. Charging Che at a time 
e. No. of charging passes (total) 13.5. 

Periodic inspection (approximately every 11 elements ) showed 
no damage for the first 66 charging passes* Between the 66th 
and 77th pass so= light scratching was noted but did not in- 
crease in the 78th through 135 passes. 

c. No. of fuel elements 22 

Test IV-B 

a, b, c. 
do Charging 
e. No. of element passes 

Same as Test IV-A 
Short column 

92 0 

Test IV-B differs from IV-A in method of charging. 
column of three elements was in the tube continuously, the 
downstream element being displaced by charging a new element 
into the tube, Some light damage was noted in this test also. 
The light scratching began at the "charge" end of the tube and 
disappeared three feet down the tube, This slight damage does 
not appear to resemble the severe scratching encountered in the 
314 tests. 
scratching is length sensitive before another test is run in a 
full length tvbe. 
17-foot length of process tube in the 306 Building. 

A short 

Additional testing is planned to determine if 

This interim test will be carried out in a 
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Hot-Headed Closure Studies a 

fromthe joining of end caps to discs to the joining of end caps 
to hot-headed fuel element sections. 
vestigated: 

1. 

During July 1962, effort was shifted 

Three approaches were in- 

Caps to fuel elements without interface material. 

2. Caps to fuel elements with thin vapor-plated copper 
at the interface, 

Caps to fuel elements using copper shim as interface 
material 

3. 

Although the search for the optimum bonding conditions is not com- 
plete, the most significant results seemed to occur with the use 
of three-mil thick copper shims, Preliminary metallographic exami- 
nation of one of the best samples at lOOx and 40Ox showed good en- 
capsulation of the copper shim and good contact at the Zircaloy-to- 
Zircaloy and uranium-to-Zircaloy interfaces. Metallographic 
examination of the bond is proceeding. 

Resistance-Brazed Closure. 
in which the plated caps are "tinned" by heating in vacuo prior to 
assembly and electron beam welding, has resulted in greatly improved 
metallurgical bonding in the closure zone. However, there is a 
tendency for the uranium to be extruded, or dissolved in the alloy 
and carried with the molten braze material into the annuli between 
the cap and sidewalls of the fuel element. This is thought to be 
detrimental from the standpoint of corrosion, although it would 
offer the advantage of announcing an incipient rupture during ir- 
radiation by evolving radioactive corrosion products. 
cations designed to prevent flow of uranium into these annuli are 
being studied. 

Use of a modified "self-brazing" process, 

Cap modifi- 

Glass Extrusion Lubricants. 
softening glass. as .a lubricant for coextrusion work is presently 

The possible use of a low temperature 

being evaluated. 
the coextrusion billet to be canned in copper9 requiring only that 
the Wrcaloy-2 components be sealed to protect the uranium. 
glass would be applied to the billet prior to preheat to provide 8 

protective covering during preheat as well as provide the necessary 
lubrication for extrusion. 

The glass would be used to eliminate the need for 

The 

Three lead glasses are being considered for a suitable glass lubri- 
cant. 
Si@, 28.2 percent; CuO, 3.3 percent; Na20, 9.3 percent. This 

Glass #l had a chemical composition of BO, 59.2 percent; 

i 
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glass gave indications of having good lubricating properties around 
650 C with a softening point of approximately 350 C. 
an addition of five percent PbO and a five percent reduction of 
Si@. 
of the glass to about 330 C. 
five percent P~O, giving a composition of no, 69.2 percent; si%s 
18.2 percent; CuO, 3.3 percent; NaO, 9.3 percent. 
skftening point of aoout 310 Co but upon quenching the molten 
glass, smll particles of lead separated from the melt as the glass 
system had apparently reached its lead saturation point. 

Each glass batch wa~ hand mixed and mlted at 1050 C in an fnduc- 
tion furnace with a total firing time of 40 minutes. 
quench the glass was ball milled for six hours, screened to -325 
mesh, and mixed with a 50 percent QO, 50 percent ethyl alcohol 
solution to give a mixture suitable for brush application. The 
glass was then applied to a zirconium billet and fired in a muffle 
furnace to determine its softening point and lubricating potential 
in the 500-700 C range. 

Glass #2 had 

This change had an effect of lowering the softening point 
Glass #3 had a furfher increase of 

Glass #3 had a 

After a water 

The lead glasses have to date only been tried on three solid 
Zircaloy-2 tubular billets at approximately five to one reductions, 
It was necessary to heat the billets to TOO C to insure extrusion 
on the 700-ton press; therefore, only glasses #1 and #2 were used. 
The billets were prepared as follows: 

Billet #1 - Billet initially copper displacelnent plated 
and painted with glass #1 emulsion. 

Billet #2 - Billet vapor blasted and painted with glass #2 
emulsion. 

Billet #3 - Billet kpor blasted and painted with glass #1 
emulsion 

Billet #1 had the lowest extrusion constant and the least galling 
to the die with billet #2 having the highest extrusion constant and 
the most galling to the die. 
the three extrusions. 
from the extrusions, 

The mandrel did not gaii in any of 
lFne glass appeared to readily vapor blast 

Rolling of Cerium. 
inch thick slab to 0.065-inch sheet. 

A cast cerium billet was rolled from a om-half 
The first a+,tempts to rcll 

this apparently ductile- (lead-like ) metal failed4 
into many pieces before a 20 percent reduction had been made” 
=tal may be successfully rolled if a 500 C vacuum anneal is made 

The cerium cracked 
The - 

1230c108 
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after each 10-12 percent reduction. 
long quartz tube which was connected to a "Megavac" pump. One end 

of the tube, containing the cerium, was placed in a muffle furnace 
at 500 C. Cooling one end of the tube allowed it to act as a con- 
denser for any volatile matter that might be given off by the cerium. 

The cerium was placed in a 

2. REACTOR PROGRAM 

Gas Atmosphere Studies 

Hydriding of Zircaloy-2 in Hydrogen-Carbon Monoxide-Helium Mixtures. 
Zircaloy-2 coupons have been exposed up to six months to a simulated 
reactor helium gas mixture contaminated with hydrogen and carbon 
monoxide and a dew point of about -30 C (0.1 to 0.5 mm H20 partial 
pressure). No gas phase hydriding was observed at temperatures up 
to 400 C for a variety of surface pre-treatments including vapor 
blasting, etching and pre-autoclaving. However, it was not com- 
pletely clear fromthese data whether the observed inhibition was 
due to the water vapor or the carbon monoxide or both. 

To resolve this point, Zircaloy-2 coupons with the sa& three surface 
pre-treatments (vapor blasting, etching, pre-autoclaving) were ex- 
posed at 325, 375 and 425 C to a helium-hydrogen-carbon monoxide 
mixture. 
the gas stream by passing the He-Hz mixture over 650 C calcium metal 
and the C.P. carbon monoxide over 1200 C graphite. 
then mixed to make a He plus,k$ H2 and 2$ CO mixture. 

Water vapor and oxygen were quantitatively removed from 

The gases were 

After two weeks of exposure, gas phase hydriding was found in all 
the 425 C samples, the etched and vapor blasted 375 C samples and 
the vapor blasted samples at 325 C. 
was formed during the two-week exposure and most of the observed 
weight gains could be accounted for by the hydrogen absorbed. 

Almost no protective ZrO;! film 

The hydriding observed and the lack of protective film formation in 
the He-Hz-co mixture is in sharp contrast to the previous experiment 
where water vapor was present. 
definitely inferior to water vapor as a hydridfng inhibitor and is 
inadequate as an oxidant in the absence of hot graphite. However, 
CO may still contribute to inhibition by reacting with H2 in the 
presence of hot graphite, CO + H2 
water vapor. 

This indicates carbon monoxide is 

@O + Cp to form the required 
r 
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Effect of Heat Treatmen% on Electrical Resistarzce of ZrC2 Filrr?s 
Previous data have been reported which showed beza quenched 
Zircaloy-2 to have a lower-hydrogen abSGrptfon raze thar, the as- 
received mterial. Electrical resistance measurements have beer, 
made on the 70-day corrosion films of saqles in these two condi- 
tions. At L5O C in low pressure (25 mm) water vapor, the Zr@ film 
on the as-recelved material had a resistance of 5 meg ohms compared 
with 200 K ohms for the beta quenched material, The energies deter- 
mined from a log R versus 1/T plot give 1'7 K ea1 for the as-received 
material and 12 K cal for the beta quenched oxide. This very in- 
teresting result offers an explanation as to why beta quenching 
reduced hydrogen pickup. If the conductance and electran mcbility 
of the oxide is increased by beta quenching, then the t,wc negative 
charges brought to the metal by the oxide anior, (0") duricg cor- 
rosion can be neutralized by electrcn flow back out from the metal 
through the oxide rather than by proton (e) dfffu- pion inward tc 

neutralize this negative charge. Increasing electron flow relative 
to proton flow would reduce hydrogen piclrup. We possible explana- 
tion as to Yhy beta quenching could iccrease electrical conductivity 
would be that beta heat treating (1010 C> takes second phase alloy- 
ing ingredients into solution. The resulting mcre uniform distribu- 
tion of foreign atoms in the ZrO;! film increases the number 
sites to provide electrons to the conducticn had 

- 

active 

In-Reactor Hydriding Corrosion Capsule. 
18 Zircaloy-2 samples exposed to simulated NFR gas atmosphere (He, 
0.5% CO, 0.5% H2s 0.05% H20) in the reactor for 167 days have beerr 
recently analyzed for hydrogen. Two anaiyses of each sample vere 
made, and a third analysis was aade on eignt SUJIIPLC~ wuere agree- 
ment between the first two azalyses was poor, Agreement betweer, 
the hydrogen analyses was generally very good, 
showed corrosion weight gains abmt twice that of comparable ex- 
reactor samples. 
mately the same for irradiated and ex-reactor samples for the same 
temperature and environment. Corrosion rates increased with xi- 

creasing temperature with samples at 400 C, especially the Zrrcaloy-b, 
showing signs of spalling oxideo Fourteer, of 18 irradiated Zircalcy-L 
samples showed somewhat lower hydroger, pickup than coqarable ir- 
radiated Zircalcy-2. The four cases where Zr-k hydrogen pickup was 
higher were at the higher temperatures where tne Zr-L Was corrodxg 
more rapidly, 
generally in the 10-56 range found fcr ex-reactor corrcsioc dzta, 
indicates there was negligible gas-phase hydridicg from the 035% H2 
in the gas. The water vapcr inhibited gas-phase hydriding ir*-reac+,or 
in the same manner as was previousiy observed ex-reactoro 

Eighteen Zircaloy-L and 

In-reactor samples 

The percent corroslor hydrogen pickup was apprcxi- 

The fact that the hydroger! pickup fractions Were 

1230910 
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Graphite Burnout Monitoring. Recently a Hanford reactors began 
operation under provisions of a Process Change Authorization (PCA). 
me purpose of the PCA is to minimize air in-leakage and to reduce 
the inlet dew points. 
reduce the graphite burnout rates e 

The effectiveness of reducing air in-leakage at C Reactor was shown 
by burnout monitoring samples inserted into Channels 1889, 1960 and 
2780 for 14 operating days between June 3, 1962, to July 3, 1962. 
No sample lost weight greater than 2 percent per 1000 operating 
days, whereas between mrch 16, 1962, and June 3> 1962, the greatest 
rate loss was 25 percent. Some weight gains (up to 3.5 percent per 
1000 operating days) were noted on samples from Channel 1889 downstream 
from the point where the maximum weight loss occurred. 

Burnout rates from small graphite samples in 3580-F from June 24, 
1961, to July 2, 1962, were Easured. 
were approximately 0.6 percent per 1000 operating days both at 40 
and 160 inches into the graphite stack; however, the region between 
50 and 100 inches where it is now known that the reaction between 
oxygen and graphite is likely to occur was not monitored in this test. 
AlsoJ these rates may not be representative of the lower portions of 
the stack. 
top and bottom portions of the graphite stack indicates that highest 
burnout rates occur in the lower regions. Therefore, to gain confi- 
dence in burnout monitoring at F Reactor a lower facility is needed. 

It is expected that these precautions will 

The highest weight-loss rates 

Experience at C Reactor with monitoring channels in the 

At 1880 KW between my 5, 1962, and July 3, 1962, maximum burnout 
rates were appraximately 4 percent per 1000 operating days; these 
were measured about 4 foot downstream from the 0.130-inch coring 
zone where the highest temperature would be expected. 
was recharged with enough samples to thoroughly monitor this zone 
and to help clarify these unpredicted measurements. 

Burnout rates in 3478-D between May 28, 1962, and July 10, 1962, were 
reduced by one-half from those between February 8, 1962, and May 28, 
1962; nevertheless, the maximum rate was still 20 percent per 1000 
operating days in this last test period under the FCA. Again, a 
monitoring facility in the lower portion of the reactor might indicate 
an even higher burnout rate. 

The channel 

Corrosim and Coolant Systems Development 

Corrosion of Chromium Plate in Decontamination Solutions. Samples of 
chromium-plated stainless steel, presumably the same as portions of 
the NPR primary pumps which may be chromium-plated, were exposed to 
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an alkaline permanganate solution for 2 hours at lo5 C. 
six samples lost about one mil of plate thickness in this solution, 
whether previously defected or not, and considerable dark film vas 
formed on the samples. Exposure in a 90 g/l solution of ~ia1i~f-16 
at 85 C removed the dark film. 

Each of 

Fuel Element Rupture Tests. 
in TF-9 to determine if there was any difference in the manner and 
degree of rupturing with 100 ppm Fe and 50 ppm Si added to the U ccre 
of one of the elements. Both elements were defected close to the 
Zr - 5 w/o Be braze with a 0.025-inch pinhole. Three runs of one 
hour each at 300 C, 1800 psi and 20 fps were =de. 
the uranium core element had ruptured considerably worse than the 
alloy core- element e 

with a weight loss of 13 grams was present on the uranium core. 
element and on the alloy core element the blister was about 3/8-bch 
in diameter with a weight loss of 5 grams. 
elements were ruptured around the entire circumference for about 
2 inches down the element. 
was 236 grams and the alloy core element was 327 grams. 

Two NPR inner tube elemnts were tested 

After one hours 

A blister about 1-inch lcng by It-inch wide 

After three hours$ both 

Weight loss of the uranim core element 

Long-Term Corrosion Tests for MPR. A new test has been initiated 
in TF-1 to determine the corrosion rates of A212 carbon steel, 3011 
stainless steel, and Zircaloy-2 in 300 C deionized water with +,he 
pH adjusted to 10.0 using ammonium hydroxide. One-half the carbsri 
steel samples were polished before charging, the other half were 
polished and then soaked in inhibited HC1 for 10 minutes before 
charging. 
of surface treatment on corrosion. 

The purpose of the acid soak is to evaluate the effect 

Samples of A212 carbon steel which had previously beer, exposed to 
six cyclic decontaminations using alkaline permariganate followed by 
Wyandotte-5061 (one week exposures to pH 10, 300 C water fclLcGied 
by a decontamination) were also charged in TF-1 to determine the 
uniform corrosion rate following a series of decoIitaminations, 
This test will determine if csrbon steel returns to its normal pre- 
decontamination corrosion rate of 0.1-0.2 mil/year, or if the rate 
remains high as indicated from a plot of corrosion penetration vs 

number of cyclic decontaminations. 

A low-temperature corrosion test at NPR graphite coolir,g syszem 
conditions (but without the hydrogen addition) is in progress in 
TF-4. Corrosion rates of Zircaloy-2, A212 carbon steel ard 30L 
stainiess steel are being determined, After 1200 hours, the rates 
of the stainless steel and Zircaloy are undetectable (4 0.01 ml/yr); 
the corrosion rate of the carbon steel is less than O005/mil/year; 
crud release is very low. 

l230c1 I2 
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A test to determine corrosion rates of steels and Zircaloy in water 
adjusted to pH 8.0 with LiOH is continuing in TF-5. 
hours of exposure, the corrosion rates of the carbon steel (A2l2, 1051 
and 313472) are less than 0.1 mil/year. 
materials are comparable to those obtained at pH 9 or 10, 

Corrosion Testing at 900 F. 
in TF-15 were obtained during the month. After 1900 hours in neutral 
water, Hastelloy-X and D979 are corroding at very low rates (-1 mil/ 
yr); stainless steels (304, 316, 406) are corroding at rates (12 mils/ 
year; and carbon steel rate is about 24 mils/year. 
corroded at a low rate for about 40 days and then underwent- a rapid 
acceleration in rate. 

After 869 

The corrosion rates of all 

The results of the first test at 900 F 

The Zr-2 samples 

Non-Uniform Corrosion. Several inlet and outlet sections of KER-1, 
3 and 4 main loop heat exchangers were descaled and examined for 
corrosion. Numerous pits up to 1/16-inch deep were found on the 
carbon steel surfaces exposed to the raw cooling water. 
surfaces, including weld and crevice areas, appeared to be in excel- 
lent condition. No stress cracking was found. 

All other 

A stainless steel tubing line which failed on "-5 was examined by 
the bktallography Laboratory and definite stress cracking was found. 
The loop has operated the past few years at pH 8-10, using LiOH 
except for one 3;month period at neutral pH. 
loop operation will be examined to determine if the presence of 
chloride ion in the loop may have been possible, 

The history of the 
' 

Sodium Ion Detection. h-ovisions are being made to analyze the NPR 
secondary coolant for sodium ion as a method to detect leakage into 

.the system. The standard method is the flame photomter, but another 
system, the sodium electrode, is being evaluated as a check IPethod. 
The sodium sensitive electrode measures sodium ion concentrations in 
the same manner, and with the same equipment, as standard electrodes 
measure the hydrogen ion concentration. Data obtained to date indi- 
cate that the electrode does not give reproducible readings for 
identical solutions at approximately neutral pH levels a 

mended procedure involves adjustment of the solution pH to 9-11 with 
gaseous ammonia or morpholine before the sodium concentration is 
measured. This minimizes the interference caused by hydrogen ions 
present in neutral solutions and gives much more stable operation. 
Solutions adjusted to pH 10 with morpholine gave readings that were 
reproducible for sodium ion concentrations between 10-1 and 10-5 molar. 
Evaluation of the effects of using different pH conditioning agents 
and different solution pH values is now in progress. 

The recom- 
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Analyses of Dissolved Oxygen. 
trouble was experienced with the dissolved oxygen analyzer, to be 
used at NPR. 
and zinc electrodes. Oxidation of the zinc electrode releases zinc 
ions and reductian of the dissolved oxygen produces hydroxide ions 
in the flawing water stream. 
part of the analyzer and is used to generate oxygen gas for calibra- 
tion of the analyzer. 
rectly measure the oxygen concentration generated during calibration. 

In previous testing a great deal of 

The instrument consists of a galvanic cell with silver 

An electrolytic cell is an integral 

In previous tests the analyzer did not cor- 

From the tests completed this month it was demonstrated that the 
measuring cell had been passivated by exposure to too much oxygen 
(> 250 ppb) e Additional tests demonstrated that the analyzer will 
work satisfactorily at water temperatures from 70-85 F,9 that calcium 
carbonate is a satisfactory material for adjusting the inlet water 
conductivity, that the accuracy is within 2 2 ppb in the 0-100 ppb 
range and within 2 1 ppb in the 0-20 ppb range, that water flow rate 
variations of 2 54 of the desired rate can be tolerated without de- 
creasing the accuracy (except during calibration), and that the 
response time for sensing oxygen concentration changes is only 1-2 
seconds. 

It is possible that this sa instrument may also be used for the 
continual analysis of hydrazine. 

Structural Mterials Development 

Stress Rupture Tests of N'PR and XER Tubing. 
conditions, NPR tube sections continue to exhibit creep characteris- 

Under biaxial stress 

tics superior to those of 15 percent cold worked Zircaloy-2 strip 
tested under uniaxial stress. To produce comparable secondary creep 
rates, the hoop stress on the tube section is 10,000 to 15,000 psi 
greater than the stress in the uniaxial test. Further, under these 
same conditions, the primary creep strain of the tube is less than 
that of the conventional creep specimen. 
secondary creep rate of a ICER tube containing 30 percent cold work 
was greater by a factor of four than NPR tubing with 15, 18 and 35 
percent cold work. Data are not available for a direct comparison 
of the KER tube and strip material. 
for the NPR were fabricated by essentially the same process as this 
ICER tube, some concern was felt that they might also exhibit this 
creep behavior. Tests have started on a 30 percent cold worked NPR 
tube and after 64 hours the primary creep strain is slightly less 
than for any of the other types of NPR tubing wader comparable test 
conditions, and better than the above KER tube by a factor of six- 
Both pre- and post-irradiation data will be obtained in an effort to 
explain the unpredictable behavior of the Zircaloy-2 in this KER tube. 

The primary strain and 

Since the majority of the tubes 



Graphite Distortion 

NFR Graphite Irradiations. The series of long-term irradiations of 
NPR graphite continues to progress satisfactorily. 
H-6-1 and H-4-2, currently being irradiated in the General Electric 
Test Reactor are operating satisfactorily with all thermocouples 
functioning. Construction has started on the second of the second 
generation capsules, H-5-2, 
previously irradiated in H-5-1, four samples previously irradiated 
in H-4-1, and 12 new samples. 

The two capsules, 

"his capsule will contain eight samples 

Thermal Hydraulic Studies 

Visual Studies of the Effects of Fuel Supports on Boiling. Further 

experiments were performed in the study of heat transfer conditions 
as affected by devices used to center fuel elements in the process 
tubes of the HanTord production reactors. 
these latest experiments consisted of a 1.304-inch 0 electrically 
heated tube placed inside of a 1.504-inch ID glass tube. 
coated ribs fastened to the inside of the glass tube were used in 
some of the nus to simulate the reactor process tube ribs. 
heated tube was positioned on the ribs in a manner similar to the 
way the fuel elements normally rest on the ribs in a process tube, 
Experiments were also run withbut ribs or centering devices to obtain 
data for comparison. 

The test section for 

Ceramfc ' 

The 

The experiments were run at flow conditions corresponding to those in 
the annulus of fuel elements in K Reactor tubes. Visual examination 
and high speed motion pictures of the test section were made while 
the heat generation was gradually increased. 

From the experiments it can be concluded that little or no boiling 
is initiated between the process tube ribs and the fuel elements and 
that away from the ribs with a full annulus width there is no surface 
boiling at norm1 or even 14 times normal heat flux conditions. The 
extensive and vigorous boiling which has been observed previoasly 
with pressed down self-supports or bmpers coated with aluminum oxide 
electrical insulation cannot be readily explained unless the presence 
of aluminum oxide initiates boiling at a much lower temperature than 
would otherwise occur. 

Similar studies will be made with the following devices for centering 
the fuel elements: 

a BDF "suitcase handle" bumpers 
b. BDF elliptical bumpers. 
c. C overbore self-supports. 
d. 0-5O-inch long alumina ribs. 

1230c115 



Hydraulic Tests. 
the C-Reactor rear nozzles has prompted the design of a new fitting 
which clamps to the nozzle without the use of integral threads. 
Flow tests were conducted using this new elbow design to determine 
the pressure drop and compare it with the pressure drop across 
previously used outlet elbow and pigtail assemblies: The results 
of these tests show that the new elbow has a higher pressure drop 
than the previous assembly but by reaming the ID of this elbow to 
enlarge the flow area around the temperature measuring elements the 
pressure drop of the new elbow can be reduced to an acceptable value 
No evidence of flashlng or critical flow conditions was detected 
under normal reactor operating conUtions. 

Failure of the threads on the outlet elbows from 

Heat Transfer Characteristics of NPR Fuel Elements. 
determine boiling burnout conditions for the NPR tube-in-tube fuel 
elements were continued. Six boiling burnout points were obtained 
with an electrically heated model of the fuel element with the inner 
fuel tube positioned 80 percent eccentric toward the outer fuel tube. 
(Percent eccentricity is that portion of the normal annulus thick- 
ness that the inner fuel piece is displaced from a coaxial position. 
toward the wall of the ou€er fuel piece. ) This degree of eccentric 
placement approximates that expected should the center portion of 
the support pieces break off leaving only the weld tabs to separate 
the two fuel tubes. 

The studies to 

The experiments were conaucted at 1500 psig. 
and compared with previous data for this same annular case but having 
concentric placement of the inner tube. For mass flow rates from 
1,000,000 to 4,000,000 lb/hr-sq ft, the burnout heat flu for the 
eccentric annulus was consistently between 42 and 50 percent of the 
burnout heat flux for the concentric case. However, for a mass flow 
rate of 5009000 lb/hr-sq ft, the burnout heat flux determin- -d for the 
eccentric case corresponded very closely to that determined previously 
for the concentric case. For mass flow rates of 5OO,OOO and 1,000.0GO 
lb/hr-sq ft upstream burnout was obtained for all three data points 
Upstream burnout was not obtained with mass velocities of 2,000,000 
to 4,000,000 lb/hr-sq ft. 
tinuation of the experiments. 

The data were plotted 

Failure of the test section prever,ted cm- 

Bo WEAPCNS - 1000 PROGRAM 

Research and developwnt in the field of plutonium metallurgy continued 
in support of the Hanford 234-5 Building Operations and weapons develop- 
IIPent programs of the University of California Lawrence Radiation Laborn- 
tory (Project Whitney). 
via distribution lists appropriate to weapons development work+ 

Details of these activities are reported separately 
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C. REACTOR DmO- - 4000 PROGRAM 

1. 

Thermal Kydraulic Studies 

Calculations of Temperatures for PRTR Fuel Elements. Calculatiom 
were made of Mark-11-C tubular fuel elewnt jacket temperatures for 
the case of a maximum UCQ core temperature of 2500 C. &inbere of 
Ceramic Fuels Development Operation are conducting a study of ex- 
posures tc which such fuel elements could be irradiated before pres- 
sures from fissioa gases and sorbed gases might cause the mer 
jackets t3 collapse. 
tc. bow the jacket temperatures. 

To perform their calculations it is necessary 

Two limiting cases were chosen: (1) a maxirmlm core temperature of 
2500 &Ip and (2) a maximum surface heat flux of 800,000 B/hr-sq ft. 
For the 2500 C limit case equations were developed for determining 
the heat generation density and the fraction of heat flowing to the 
mer and outer surfaces of the fuel tube, The calculaticns indi- 
cated that temperatures at the water cooled surfaces of the inner 
jackets of both fuel tubes would be about- a0 Fg and that the tern- 
peratxe rise across the jacket would be about 200 F. Heac fluxes 
calculated for this case were in the crder of 600p000 B/hr-sq ft. 
As this was a more limiting caseg temperatures were not calculated 
for a heat flux of 800,oo~ B/hr-sq ft. 

\ 

PlU% E'low Distribution, During reactor operation it has been 
found that ar; unequal flow distribution exists in the various 
quadrants of process tubes hi the PFtTR. 
this situatioc it was assumed that the inlet-tee iC the baton ring 
header was completely blocked off on me side such that all the 
flow proceeded iri one direction around che header, In the tap ring 
header it was assumed that the flow divided evenly at a point 
opposite the outlet and proceeded in two directions from tha2 point 
toward the outlet. 
ring header were then calculated fc determine if they would be of 
such magnitude to cause the unequal flow distribution that WSS be- 
encountered during operation of the reactor. 
calculations, however, indicated that the p,"essure drops resulting 
from such a blockage of the Wet-tee in the bottam ring header 
woGd Got be of sufficient magnitude to accaunt for the flow dis- 

tributicn being obtained during reactor operation. 

In ark atteqt t@ expla'h 

We pressure drops around the bottom and tap 

The results of the 

IE a further attempt to explain the dlstorted flow distribution 
the PKIIR, it was suggested that the fluid ente=.ing the blet-tee 
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in the bottom ring header had a warped velocity profile. 
work had shown that a 10 psi pressure droT between the fluid 
lesa one side of the inlet-tee and the fluid lea7{- the otner 
side was required to cause the flow distribution that was beiw 
obtained during reactor operation. Results of the calculatiocs 
indicated that a relatively small distortion in the velocity prcfile 
at the tee could cause an unequal flow split resulting ic the 1x1- 

equal flow distribution in the reactor process tubes. 

A further possibility for a cause 02 the unequal flow distrL 'butia 

could be a variation in the size of the orifices which are installed 
at the inlet of each process tube. 
been thoroughly investigated. 

Previsus 

This possibility has cot yet 

Vibration Tests of PRl"R Fuel Elements. A PIiTR U@ mrk I fuel 
element was installed in a transparent "pressure" tube and was 
examined for flow induced vibrations. Flows of roan temperature 
water up to 125 gpm were used. 
copic light and high speed motion pictures were used to detect 
vibration. 
indicating that if any vibrations exist they have a very small 
amplitude. 

Visual examination wlth a strobcs- 

No flow induced vibrations were seen in any of the tests, 

Further tests were made by inducing a vibration on the outlet rcazle 
at a frequency of 3500 cycles per minute. Ir: this case swli LWW- 

ment of the fuel element relative to the process tube could be da-' 
tected in the high speed motion pictures. The motion was in a hcri- 
zontal direction, but it could not be determined if this wa- a tar- 
sional or side to side motion of the fuel eleneot wifhin the tube. 

Camponent Testing acd Equipment Developmerit 

EDEZ-1 Rer=ovation. Overhaul of EDEL-1 ccmtfnxed to ready the 
facility for the study of PRTR pressure tube fretting corrcsior-. 
The boiling water pressurizer and its control circuits have See2 
removed. 
be completed upon delivery of the valve. Replacement cf seaia and 
bearings in the Byron-Jackson circulaticr, pump has beel; ConplPted- 
The motor and variable speed magne';ic drive for this puxq have beer, 
returned to the factory for repair of cracked weids between the 
clutch poles and magnetic barrier, replacement of all bearirgs, ar,i 
dynamic balancing. Overhaul of the i2 gph injection puxp is cmrQ~e 
pending the delivery of two bearings. 
the back of the control panel has been remved, 
trols will be located in oae panel sectioc, the bach of whicn will 
be enclosed. 

Irstallation of the gas loaded back-pressure val-re wX! 

All open electrical viri?! nri 
All electrical ccn- 

Design of the new safety eircxit is conplete md 
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fabrication of the relay rack has been started. 
new thermocouple system is 25 percent complete. 

Installation of the 

Design work for long-term modifications to EDEL-1, which includes 
changing the loop piping to stainless steel, has been halted for 
lack of funds. 

Fretting Corrosion Investigation. 
characteristics of a PRTR pressure tube assembly in the prototype 
EDEL-1 test facility are being studied. Surface mounted velocity 
type pickup elements and accelerometers with appropriate amplifyirzg 
accessories are suitable means for determining the vibration ampli- 
tudes and frequencies of pressure tubes and jumpers. Detecting and 
defining the vibrations of fuel elements will require development 
of appropriate techniques, however. Methods being considered in- 
clude differential transformer, eddy current, electromagnetic, and 
acoustic types of signal transmissions. 

Techniques to determine vibration 

Shroud Tube Replacement Mockup. 
all month by a strike of construction ironworkers. 
shield and calandria mockup crates has been delayed pending avail- 
ability of funds. 

faulty shroud tube continued. 

Work on the mockup pit was stopped 
Work on the 

Design layout of special tools for removing a 

Inlet Bellows to Process Tube Gas Seal. Additional leak rate tests 
were conducted on a pressurized stairiess steel "0" ring seal. The 
B-F seal was tested an additional three thermal cycles in addition 
to that reported last month. Leak rates were as follows: 

!L'hermal Cycle 
Max. Leak Rates Liters/Hr Q 2" Hg 

12 3 4 5 6 Bolt Torque ------ 
(1) Existing Copper "0" Ring 0.4 11.8 21.2 111 132 30 ft-lb 

(2) Zirconium "0" ~ing 200 260 30 

(3) B-F Ferrule (Zirconium) 3.2 1.5 1.4 15 

(4) Pressurized SST "0" Ring 0.4 0.4 36 50 49 15 'I 

0.6 0.6 0.5 15 (5) B-F Ferrule 

Test results for Items (l), (2), and (3) were reported in the June 
monthly report. 
ously tested under Item (3). The additional three cycles were run 

The B-F seal, Item (5), was the same seal as previ- 
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after the seal had been disassembled and reassembled on the same 
section of the process tube. 

An apparently satisfactory gas seal has been demonstrated in the 
B-F seal. 
further testing of less expensive seals is contemplated, 

However, due to its intricate shape and high cost, 

Outlet Nozzle to Top Shield Gas Seal. 
for a compressible metallic gasket for the seal. 
promised for early August, 1962. 
for comment and shows a more rugged nozzle hold-down design. 

A purchase order was placed 
Shipmnt is 

Drawing H-3-14547 has been issued 

Hazards Analvsis 

An investigation of the nuclear safety of the PRTR loaded with 
mixed uranium-plutonium oxide fuel was completed. A range of plu- 
tonium enrichmmt from 0.43 to 1.5 w/o Pu in the fuel was assumed, 

It was found that the negative fuel temperature coefficient, which 
inherently operates to limit excursions, is nearly twice as large 
as the effective value for the present zone enriched core. The 
effective delayed neutron fraction is substantially reduced and 
ranges from 0.0046 to 0.0033 for the loadings studied. Delayed 
photoneutrons from the %O contribute significantly to these values. 
A decrease in the prompt neutron lifetime from the present value 
was also computed with lifetimes ranging from 0.5 to 0.3 mfllf- 
seconds. 
appeared to be slightly more negative than for the present loading. 
A detailed study of coolant void effects was also undertaken for 
coolant qualities from 0.25% to 10% H20. 
efficient changes from negative to positive as the amount of H20 
impurity increases. 
for the lowest enrYchrPent to about 16$ a0 for the 1.5 w/o Pu case. 
These values are believed to be pessimistic because of deliberate 
conservatism in the calculations. Same reduction in both moderator 
level coefficient and present shim rod strength can be expected with 
the mixed oxide loading. 

Temperature and void coefficients of the moderator 

The coolant void cn- 

The cross-over point varied from about 6Q H20 

Desiim Studies 

PRTR Power Level Study. A documnt summarizing the results of this 
study was completed in rough draft form and issued for comments. 
It was estimated that PR!L'R power level could be increased to approxi- 
mtely 100 IvW at a cost of $l,OO,OOO or less and a two- to six-week 
shutdown time, depending primarily on what modifica€ions are required 
to light water injection and primary system pressure relief 
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equipment. 
would be required for design and safeguards analysis, equipment 
procurement and modification, and processing the safeguards 
analysis 

It is estimated that approximately one year's time 

Calculations were reflned to determine the adequacy of existing 
equipment to permit reactor operation at power levels above 
70 MW. 
earlier conclusions that the present cooling systems for the 
moderator, reflector, and shields would be adequate for 100 MW 
operation but not for 125 MW and that shim and shroud tube bellows 
temperatures would be acceptable at either of tne power levels, 
The study disclosed, however, that additional pressure relief 
capacity would be required for the steam generator as well as for 
the primary coolant system at either 100 MW or 125 MW. 

In general, the results of the calculations confirmd 

Preliminary calculations were made of the effect of higher pcwer 
operation on adequacy of cooling following a total loss of power 
to the primary pumps, 
provided by forced circulation during pump flywheel rundown, and 
by natural convection after the pumps stop, should be as adequate 
at the higher power levels as at 70 MWo Although operation at 
higher power levels would increase the heat load following re- 
actor scram, such operation requires a lower normal reactor inlet. 
temperature and, thus, provides higher increases in coolant 
temperature through the reactor and thus higher convectiE heads. 

These calculations indicate that the cooling 

Plutonium Recsvle Critical FacUity 

Hazards Analysis. Reactor kinetic studies for typical PRCF core 
configurations were formulated. Analog simulated reactor excur- 
sions will be teminated by scram or inherent shutdown mechanisms. 
The inherent shutdown mechanisms used in these studies are the 
prompt negative fuel temperature coefficient and the moderator 
void coefficient. Moderator voids were assumed to have formed 
from both steam generation in the immediate vicinity of the fuel 
and radiolytic decomposition of D20* 

Several analog studies terminated by reactor scram at a power level 
of 150 watts have been completed. The excursion& were initiated by 
reactivity addition of 10 cents per second for 10 seconds with the 
reactor operating at 100 watts. Core configurations studied in- 
cluded cores with 100, 80,~ 60 and 35 percent of the fissions 
occurring in plutonium. In none of the studies was a measurable 
fuel temperature increase noted. 
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Component Testing and Equipment Development. New retainer flanges 
of 300 series stainless steel have been ordered to replace the 
present 17-4 PH retainers on the inlet valves. The leakage rate 
of the inlet shutoff valves at 20 feet of water back pressure is 
less than 1 cc/hr. 
tube during installation of the inlet cooling hose prior to fuel 
element discharge. 

This valve retains the water in the process 

EDEL-I1 test facility was prooftested at 2100 psig and an apparent 
600 F in preparation for rupture loop Grayloc connector thermal 
cycling test. 
operation; subsequent testing showed the existing temperature 
readout to be faulty and the actual Loop fluid temperature was 
approximately 640 F (near saturation temperature ) 
in the pump probably occurred in the initial test, 

Loop f1ow.instability was encountered in the initial 

Fluid flashing 

EDEL-I1 has been shut down to correct a high pump seal leakage rate. 
The seal shows only slight damage; however, slight eccentricity in 
the shaft exists. Since the shaft had been out-of-line and 
straightened previously, a new shaft has been ordered. 

Dismantling the pump also disclosed a plugged condition of the 
cooling passage to the seal chamber exterior cooling jacket, 
This condition apparently existed at the time of manufacture. 
It is being investigated further. 

Discharge Equipment. 
tube end closures and hose assemblies has been completed, Results 
were satisfactory at 100 psig; this included the outlet elbow snap 
plugs, special three-way plug valve, and all hose assemblies and 
quick-disconnect fittings. Flow tests have yet to be conducted, 

Hydrostatic pressure testing of the process 

The shielded viewing cart has been completed and delivered to the 
314 Building 

Tool fabrication is approximately 96 complete. 
powered cutoff tool is pending receipt of a flexible drive shaft, 
Delivery of this item is expected July 24, 1962, 

Coqletion of the 

Mdifications to the quick-disconnect coupling tool and valve 
operator tool are required to eliminate a physical interference? 
Individual tools ha+ been given a preliminary test as they were 
completed - 
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Hazards Analysis. 
fission products from the rupture low was analyzed for the effect 
on the loop design and operatima This limit would allow up to 
850 curies per day of noble gases to be exhausted fromthe pIiTR 

stacko 
rupture test is of the order of 600 curies, within the proposed 
limito 
the new limit, 

A proposed new limit on the release of noble gas 

The total noble gases anticipated to be exhausted in a 

Therefore, no change in the facility is necessary to meet 

PRTR Gas Loop 

Component Testing and Equipment Development. 
the in-reactor test section drawings was approximately 70% completed 
Various minor modifications to the discharge casks for the loop 
sample holders were completed. 
between the loop nozzle and the sample casks was completed, 
design of the nozzle closure to eliminate installation of the 
closure without locking it in place was completed, fabrication of 
one new closure is in progress, and the existing closure is being 
modified. 
moval tool discloses that it needs complete redesign. The sampie 
container has been redesigned and a prototype i,c being fabricated, 
The spiral shielding plugs for the in-reactor test sectioc have 
been shipped off-site for application bf an aluminizing coating. 

"As built" work or: 

Design of a new transition piece 
Re- 

Examination of the sample holder installation and re- 

The first samples installed in-reactor in the Gas Loop will be a 
special assembly to determine the temperature distribution in the 
test sample as a result of gamma and neutron heating. Drawing H- 
3-14568 has been issued for conrment showing a proposed design for 
this special test assembly, 

Plutonium Fuels Development 

Plutonium-Bearing Fuel Elements for PRTR. 
during this period has consisted largely of continued swaging 
experiments to obtain further information on the control of final 
length, Small groups of tubes were selected from several tubing 
weight categories and cut to various lengths ranging from 62 inches 
to 63-3/4 inches, 
loads of UQ-PuQ and cold swaged. 
tion of the information received is not yet ccxnplete. The aim is 
to be able to compensate for the variances in tubing weight and 
yet fabricate a rod to a length tolerance of 2 1/16-inch within a 
diameter tolerance of 2 0.002. 

U@-Pu@ fabricatioL 

These groups were then filled with standard 
Collection of data and evalua- 
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The incremental loading procedure for vibrational compaction was 
simplified by combining the coarse and medium Uo;! fractions so 
that each increment was composed of two additions rather than 
three. 
-35 +lo0 mesh U%p mechanically mixed wlth -6 +20 mesh U@ does 
not jam the loader so that each loader cycle now feeds one com- 
plete increment. 
theoretical density were obtained with the altered size frac%ions 
when added In the same proportions as previously (70 percent 
coarse, 15 percent medium, and 15 percent -325 mesh mixed U02-PuO2). 

The loader binds when feeding -20 +60 mesh UQ; howevers 

Fuel core densities of 86 to 88 percent of ' 

!Two loaders were mounted on a sliding rack so that two tubes may be 
loaded at once and four rods may be compacted simultaneously- 

PRTR Fuel Ele ment Examination. 
bearing fuel elelnents were examined Fn the PRTR storage basin in 
July. The two main objectives of the examination were to gage 
the end bracket diameters and to determine the general condition 
of the clusters. bkasuring the end bracket diameters over the 
spacing gussets was necessary to determine the amount of wear that 
has taken place between the fuel element and the process tdbe" 
Ring gages were used to measure the end bracket diameter, The 
original diameter over the end bracket spacing gussets measured 
3.~6 inches to 3.226 inches. All eleven alummum-plutonium 
cluster end brackets inspected show some wear with the lower 
bracket being worn more than the upper bracket. Six of these 
also show the start of wear on the individual rod wire wraps, 
although no wire wear was found on the element which had the 
maximum end bracket wear. One of the four UO2-Pu02 clusters Fn- 
spected also had maximum end bracket wear even though it had been 
under irradiation only two weeks. The general conditior. of the 
clusters was good, but some showed slight corrosion of the spot 
fusion welds. 

Fifteen irradiated plutonium- 

Fuel element 5061 was found to have a broken wire at the end cap, 
This will be examined further to det.edne the cause of failure. 

Experimental Elements for PRTR Irradiation. Twenty-eight ZrQ-PuQ 
rods were fabricated by cold swaging for a special irradiaticn 
cluster, The core material consisted of fused, stabilized ZrO2 
in the following size fraction: -20 to +60 mesh (L7 percent); 
-60 to +lo0 mesh (13 percent); -100 to +325 mesh (24,5 percent)" 
This material was incrementally loaded into the tdbe along with 

a master blend of -325 mesh Zr@-Pu02 containing 8.8 w/o Fk@ 
Final composition of the fuel rods is lu3 w/o Pu02 TtoaZ plu- 
tonium for the cluster will be -322 gram, Three swaging passes 
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plus several finishing passes were used to achieve the final length 
of 9O-l/2 inch 2 1/16 inch, Total reduction in area is 42 percent. 
The rods are currently being grit-blasted and etched prior to fir,al 
assembly steps 

Two additional zirconium-clad, plutonium-zirconium alloy fuel plates 
for an extended surface fuel elemect were made by roll-claddhg= As 

in the previous plate, the aluminum foil wrapping used around the 
core for contamination control was eliminated To mmimize ccntamina- 
tior, which might occur during heatirig and early compactioz of the 
"loose" assembly, the assembled sandwich was cold-rolled until the 
sandwich was tightly compacted. 
in place to prevent movement of mfnute plutonium particles, which 
cause contamindtiono After cold-rolling , the sandwiches were hot- 
rolled iL the usual manneru The cold-rclling was partially suc- 
cessful. 
contanination on the edge, 
fourth inch of the core without encountering flnther contamination 
and the plates appeared to be well bonded. 

The plutonium core was thus "locked" 

One plate was not contaminated and one plate had slight 
Both plates were sheared to within one- 

A metallographic examination showed the core thickness to vary 
approximately twenty percent except at the edges and ends where 
the core was thinner, The thinning results from the extreme soft- 
ness of the core alloy. It is not believed that the thinning will 
present a serious fabricatioo problemo 
is being designed to irradiation test this fuel concept. 

\ 

A suitable fuel assembly 

Several A1 - 7.5 w/o Pu tube6 have been hot extruded for use in the 
segregated plutonium test cluster. 
and a nominal O0460-inch ID. They were extruded at a 7 to 1 reduc- 
tion irL area over a tapered floating mandrel at 550 C. 
drawn down to a final OD of 0.5 hch with a O.03O-inch wall. 
Earlier attempts to extrude the tubes at a greater reduction, to 
lesser; the number of drawing steps, resulted in several mandrel 
failuresn No mandrel or other tooling problems have occurred using 
the present extrusion conditions, 

These tubes have a 0.610-in~h Cn, 

They wiii be 

Irradiation Testing. 
U@-Pu@ seven-rod cluster is conthuing in Radiometallurgy. Auto- 
radiographs made from the irradiated fuel rods show areas of high 
fissiori product concentration due to plutonium segregation within 
loaded increments, 
rods are associated with high plutonium concentration regions and 
result from localized areas of abnormally high surface heat fluxes. 
Transverse and longitudinal sections have been cut from selected 
areas on the fuel rods, 

Examination of the 42-fnch long cosine emiched 

Dark spots or, the external surface of the fuel 

Columnar grain growth and central void 
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formation has occurred in some of the "hot spots". The voids are 
not necessarily located in the geometric center of the core indi- 
cating radial displacement of the PUO;! enrichment during fuel 
loading ., 

The longitudinal sections takenthrough these areas are interesting 
in that the areas of columnar grain growth are not symmetrical, the 
void is not centrally located in the columnar grain growth region, 
the center void is elliptical and not circular, and the columnar 
grains in the radial direction are smaller than the columnar grairis 
in the longitudinal direction. 
element was irradiated in the vertical position, the appearance of 
the longitudinal section suggests that the '?lot spot" had been 
molten and the columnar grains and void formed during freezing of 
the liquid. 

Considering the fact that the 

Autoradiographs made from the polished sections show no fission 
product migraticm in those areas which had equiaxed grain growth; 
however, some localized fission product migration has taken place 
in those regions where central void formation and columnar grain 
growth has occurred. 

One capsule (Gm-14-85) containing high density Uo;! - 2.57 mole per- 
cent Pu@ Is being irradiated In the MIIR. 
about 3 x 1$O fissions/cm3 or 10,000 MWD/ton of UQ-PUQ. 
decided to discharge the capsule at the end of MI% Cycle 177 (about 
August 6, 1962) and not recharge the second capsule (GEE-14-86) 
because of the time delay to complete the required hot cell leak 
test prior to reinsertion. Tentative arrangements for return of 
the pair to HAP0 for metallurgical examination have been made.. 

The bellows assemblies for the HELIOS Experiment were received from 
the vendor. Still no word from the vendor as to possible delivery 
of the modified thermocouple for the same experiment. 

Uranium Fuels Development 

High Energy Impaction. 
energy impaction of powders in vacuum at 1100 C and 5OO,OOO psi was 
successfully scaled up from one-inch to two-inch diameter specimen 
containers. 
mixtures were successfully compacted. The particle density of the 
impacted Vm was 14.25 g/cc (99.5 percent TD). 
UO2 was 10.92 g/cc. A powder mixture having the composition Uo;! - 
40 molepercent ZrQ produced 94.L percent TD material that consists 
of Zr@ particles in a Uo;1 matrixo A mixture of Jranium powder and 

The present exposure is 
It was 

A modified Bridgman anvil technique for high 

Uranium mononitride, UQj UQ-ZrCQ, and U@-U powder 

The density of the 
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micronized produced impacted particles, coqrising metallic uranium 
in a matrix of U@,OL, with a density of lO"85 g/cc and an over-all 
composition of UQ2,005 

Tungsten carbide dies are useful m high energy impac+,ior of powders, 
as they can be employed at pressures greater thar! those possible 
using conventional tool steel dies Prevlously reported results 
indicated that a 12 percent cobalt-bonded tungsten carbide punch was 
satisfactory at impact pressures of 3OO,OOO to 350,000 psi, but 
failed at 390,000 psi. A new, 25 percent cobalt.-bonded tungsten 
carbide punch was used successfully to compact three pounds of UQ 
in a 2 ?-inch diameter can at 408,000 psio 
which had an Q/U ratio of 2,O9 before it was heated and impacted had 
a particle density of 10L78 g/cc The O/U ratio is not yet deter- 
mined. It is encouraging that a technique is now available for high 
energy impaction of U@ to ultra-high density without the subsequent 
sintering treatment required whez tool steel dies are used9 and 
without using expendable die parts, as required with the Bridgman 
anvil technique. While further experiments are aimed at defining 
conditions necessary for preparing a final product of near- 
stoichiomtric composition, prevlous experiments with similar UQ 
compacted by Bridgman anvil techniques showed that the O/U ratio 
could be reduced to less thar, 2,01 by hydrogen reduction at 800 C. 

!!%e micronized UQp, 

Ten pounds of ultra-high density, six percent enriched UQ particles 
were prepared by high energy Inpaction for use in an AEC-sponsored 
irradiation test at another site, 
powder was loaded into a four-mch diwter s+,aldess steel can, 
heated to 1100 Cp and compacted by high energy impact at 15Op0O0 psi 
to a density of 10.63 g/cc 
fom mesh screeli size and sintered 12 hours in 1750 C hydrogen to 
achieve an O/U ratio of 2,001 and a density of 99.3 percent TD 
(10.87 g/cc), based on the calculat.ed density of 10,9L7 g/cc for Uo;! 
containing six percent V-235. 

The six percent enriched U+ 

The compacted U02 was crushed to minus 

Yttrium oxide powder was compacted by high energy impact in an 
evacuateii stainless steel contaiper at 1100 C and 200,000 psi to 
a density of 4.36 g/cc (90 percent. TD);. 
was ground to spheres 0.050 and 0.035 inch in diameter for ir- 
radiation experiments in a production reactor, 

The compacted inaterial 

High Power Laser. 
the evaluation of a high power laser for weldhg and cutting was 
completed, Izldividual laser pulses having durations between two 
and 12 milliseconds were directed into metal surfaces. 
power, short duration laser beam produced cavitation and evaporatioc. 

The "Assistance to HaIiford" contract with GEL on 

A high peak 
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of the metal and little retention of molten metal to effect a weld. 
Such a beam has application to cutting and drillinga 
storage system provided a laser pulse of 12 milliseconds maxim 
duration with lower peak energy values. 
the metal surface were similar in shape to spot welds produced by 
arc welding. A continuously operating high power laser (not yet 
developed) appears necessary to produce welds having high depth to 
width ratio comparable to high voltage electron beam welds. 

High Temperature Ductility of U@po 
of 180 degrees were introduced in sintered Uo;! fuel plates during 

. torsional testing between 2000 and 2500 C. 

greatly because of physical instability of the apparatus and non- 
uniform strain rates. These conditions are being corrected, Tanta- 
lum reacted too extensively with the U@ plates to serve as a re- 
placement for tungsten as a heater material. 

A network 

Spot welds produced OIL 

Permanent deformations (twists) 

Strain to fracture varied 

Thermal Etching of Uo;!. At 1700 CI under one atmosphere of argon, 
preferential vaporization from Uo;! grain boundaries intersecting a 
polished surface yielded an excellent ceramographic etch. 
treatment also caused a change in void shape from random, isometric 
to rectangular and triangular. Surface diffusion in the vcids to 
approach a minimum energy shape (as dictated by the orientation of 
a grain) probably causes the change in void morphology. 
minute vacuum anneal at 1700 C caused severe grain boundary etching 
and enlarging of many of the voids. 

This 

A five- 

Thermal Conductivity of UQ. The last group of a series of sin- 
tered Uo;! thermal conductivity specimens was successfully removed 
from the capsule in which it was irradiated d-aing the past four 
years. Sample temperatures were maintained less than 100 C duricg 
the irradiation to avoid thermal annealing of irradiation effects, 
Exposure of the Uo;! is approximately 3 x 1020 nvt. 

Burnup analyses, ceramography and annealing studies were begu.. 
Two specimens (one low and one high density) were shipped tG Battelle 
&moria1 Institute for detailed thermal conductivity measurementso 

The large Uo;! single crystal used earlier for thermal conductivity 
studies was irradiated at low temperature e200 C) for ?,he second 
time, gaining an additional exposure of 1 x 101s nvt {total exposure, 
2 x 1015 ne>. 
irradiation handling; subsequent squarmg of the end (by ultrasonic 
sawing) reduced the specimen length to 1.00-inch long (compared with 

1.77 inch originally). 

One ecd of the specmen was broken during pre- 

Post-irradiation examinatian of the U+ 
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revealed several small surface cracks not previously evident. 
Such defects, that would affect thermal condlxtivity if they 
extenaeci in~o mr: uterior of the crystal, may have caused some 
of the conductivity decrease noted after the first irradiation. 
The crystal was re-curned to BMI for further thermal conductivity 
measurements at temperatures to 1200 C. 

1rradiat.ion Effects ir, Single Crystals. 
the-second in a series to evaluate physical property changes re- 

A single crystal of Ue9 

sulting from irradiation,? was irradiated in the Hanford Snout 
Facility to an exposure of 1 x 1015 nvt, 

Materials Development 

Effect of Partial Dissolution of the Oxide Film on the Hydriding of 

oxide film, followed by heating in vacuum to partially dissolve the 
film. Samples were then autoclaved to a total exposure of 92 days, 
As reported previously, vacuum heating at 600 C for one hour re- 
sulted in loss of the protective character of the film as evidenced 
by a large increase In oxidatioh rate immediately after heating. 
Autoclaving for 92 days resulted in three corrosion cycles 
(115 mg/dm2) for heat ZreaLeci specimens, compared to two cycles 
(73 mg/d&) for specimens autoclaved but not heat treatedo The 
corresponding hydrogen pickups were 248 (369 of theoretical) and 
139 (3O$ of theoretical) ppm, respectively. Analysis of axi UT,- 
autoclaved Zr-2 specimen showed 16 ppm hydrogenc 
pickups are 30-50$ for autoclaved Zircaloy-2 at the above exposures, 
Partial dissolution of the oxide film did not signific-tly increase 
the percent of hydrogen pickup. 

; 

Normal hydrogen 

Creep of Zircaloy-2 Pressure Tubes. Stress rupture tests were con- 
tinued on three sections of the annealed portion of the PR!J!R pressure 
tubes, 
tained by conventional creep tests of annealed Zircaloy-2 rolled 
strip samples, 
erably larger than that of the uniaxial stress in the conventional 
creep tests is required at both 288 C and 343 C. 

The test data are tabulated below and compared to that ob- 

To produce comparable strains a hoop stress consid- 
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Stress for Equal Strain 
4 Ultimate 
Strength 

85 
88 
75 

Hoop Stress Temp. $ Uniform in Creep Samples from 
1000 psi -- Hours OC Strain Strip, 1000 psi 

21 ., 000 
23, ooo 
17,000 

39,600 4279 288 3.6 
36 , 000 1571 343 9.0 
36,200 250W 288 1.3 

Verminated 

Fretting Corrosion. 
reactor flow rates in a single tube mockup, caused no detectable 
corrosion at points of contact after three months of operation 
with the fuel in the same location. 
mils deep mrks in the tube wall at points of contact with the fuel 
in lengths of time as short as two weeks. 
tected change in conditions has occurred between this and previous 
tests. 
effect of external vibrations on the rate of fretting corrosion. 

A PRTR, UQ fuel element, exposed to average 

Earlier tests had caused 1-5 

Apparently, some unde- 

A vibrator was received for use in tests to measure the 

In-Reactor Pressure Tube Monitoring. 
visually inspecting and measuring depths of fretting marks in the 
PKllR pressure tubes is being renovated as a result of the extensive 
in-reactor monitoring in June. 

The present equipment for 

Radiation resistant lenses are being installed in the one extender 
section of the M-2 borescope presently equipped with standard lenses; 
the complete borescope protective tube arrangement is being re- 
designed for greater ruggedness and sized to permit inspection of 
the PRE? Rupture Loop tube in the future; a tube dryer is being 
incorporated into the probe; and fabrication has started on a more 
rugged and maneuverable dial gage assembly for measuring depths of 
fretting marks. 

The mrk I11 in-reactor tube monitoring equipment, a refinernent and 
combination of the two present probes, is 80 percent complete, The 
omniscope objective section has been returned to the vendor for re- 
cementing of the objective lenses which separated when 
by the illuminating light. The light mounts are being 
to avoid a recurrence of this problem and to provide a 
The gas gap instrument has been assembled. Experience 
light mount and depth measilring device being developed 
present equipment will be used in the Mark I11 unit. 

- 

overheated 
redesigned 
sturdier unit 
with the new 
for the 
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Post-Irradiation PRTR Pressure Tube Evaluatioc . 
examlination of a l7-mil deep fretting corrosion mark through which 
failure of a PRTR pressure tube occurred in a room temperature 
burst test indicated no increase in hydride content, 
sample, a 3-mil deep mark under which a 2-mil layer of hydride was 
found, altered the failure characteristics of the tube. 
in the absence of hydriding, corrosion grooves up to 17 mils deep 
do not affect the strength of the tube. 

Metallographic 

In a previous 

Apparently,, 

Autoradiographic Examinations. Some orifices and inlet jumpers 
from PI393 were autoradiographed to determine the pattern of de- 
position of the radionuclides. The pictures taken during the 
examination iridicated the possible presence of a long crack on the 
inside surface of one jumper. 
non-destructive and destructive testing. To date, non-destructive 
tests have revealed no evidence of a cracko 

The jumper was decontaminated for 

Zirconium Concentration in the Primary Coolact. 
tablished to obtain more frequent measurements of the zirconium 
concentration b the primary coolant in an effort to detect the 
onset of fretting corrosion. 
cally with approximately the sank? sensitivity obtained by radio- 
chemical analysis (0 1 ppb ) 

A program was es- 

Daily samples will be analyzed chemi- 

Failure of Flow Straightening Vanes. 
piece of stainless steel plate (1-inch x 2-inch x 0,140-inch) ir- 
the primary system led to the removal of the flow straightening 
vane immediately upstream of the main venturi” An investigation 
of the failed straightening vane is under way to determine the 
cause of failure. 

The discovery of a small 

All four pieces of the straightening vane were recovered, decon- 
taminated in alkaline permanganate followed by ammonium citrate, 
analyzed, examined and metallurgically sectioned, The failed vane 
(5.5-inch x 24-inch x 0.140-inch) had failed by four main cracks 
with little or no deformation and one crack with extensive deforma- 
tion. Two of the four cracks occurred at the two weld-vane inter- 
faces, The other two cracks went diagonally across the plate from 
side to side, 
the black oxide normally associated with extended exposure to high 
temperature water. 
adjacent areas reveal some cracks with a little branching. Al- 
though. the transgranular cracks resemble stress corrosion cracks, 
the number of cracks and the extent of branching were less than is 

usually seen in this type of corrosion.. The plate is exposed to a 
very turbulent flow of 230 C, pH-10, D20 which contained some 

The fractured edges were all heavily coated with 

Wtallurgical sections of fracture surfaces and 
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fluoride and chloride contamination for a short period about a 
par ago. Thus, several mechanisms of failure suggest themselves, 
namly, stress corrosion, corrosion fatigue, fatigue or any com- 
bination of these. 
cessed in an attempt to determine the initial cause of failure. 

More metallurgical sections are being pro- 

A non-destructive examination of the remaining five vanes and 
the pipe wall revealed only one more short crack in an adjacent 
vane. Destructive examination of the remaining vanes will be 
started shortly. 

Plutonium Oxides 

Several samples of puq.62 were heated to selected temperatures 
and annealed at various coolirrg rates in order to study the pos- 
sible phase transformations. 
helium atmosphere from 1000 C at about 10-15' C per minute yielded 
a mixture of approximately 80 percent FCC alpha-Pu203 and 20 per- 
cent BCC alpha-Pu29, according to x-ray powder pa tern analyses. 
cooling to room temperature in a vacuum of 1 x 1o-Z mm 
600 C at 65 C per hour gave a two-phase mixture of Pue and what 
appears to be PuO. Other samples of varying O/Pu ratios between 
1.62 and 2.00 have been prepared and quenching and annealing 
studies will be performed to determine their phase-temperature 
characteristics 

Cooling to room temperature irr a 

frcm 

P1101.62 was observed to have a melting point of approximately 
2400 C in a helium atmosphere, which is to be compared with the 
apparent melting point of 2280 C for Pu@ under the same coriditicm0 

Thermal emf and electrical resistivity measurements have been 
continued on plutonium oxides of various O/Pu ratios. 
probe apparatus has been operating quite well and the presence 
of phase changes at 500 C andst 280 C have beer, detected in 
PuO-~~72. "he lower temperature reaction is quite slow and ex- 
hibits a considerable hysteresis effect. 

The fcur 

The room temperature resistivity of Puo;? has been de5ermined to 
be 2 x 1O1O ohms-cm. 

Apparatus is presently being installed to extend the thermal emf 
measurements to higher temperatures (1000 C), in ag effort tc 
explain the apparent discrepancy between the theoretical and 
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observed sign of the current carriers. 
dat.e have shown p-type conductivity whereas oxygen-deficient PuQ 
should be n-type. 

All samples examined to 

P&utonium Carbides 

Density plozs 01’ ui>-catiL PUC alloys betweeri 52 and 0 a/o C indicate 
a two-phase regiol: between 52 and L9 a/o C. 
essentially constarLt over the region from 49-40 a/o C. 
be explained by a defect NaCi type structure which becomes suc- 
cessively more deficient in carbon, 
vexy nearly balanced by the cell shrinkage to yield a canatapk 
deosity. 
in which the value jumps from 13.75 g/cc to 14,75 g/cc. FrGm here 
the density values go almost linearly to the density of the start- 
ing metal. 
at 40 a/o C. 
zero a/o C suggests a two-phase system SJr this region. 

The densit.y stays 
This can 

The loss in carbon atoms is 

At 40 a/o C an unexplained sharp rise in density occurs 

This indicates the appearance of a high density phase 
The linear nature of the plot from that point ts 

The x-raypatterns of these compositions also show a marked change 
at the 40 a/o C point. The PuC phase gives a well defined pattern 
fn the 41 a/o C and higher saqles, but in all those below 41 a/@ C 
the high angle lines are very diffuse and difficult to read. Alpha 
plutoniumlfnes appear in this region, but there are several lfaes 
which are not indexed either by alpha plutonium or the zeta 1-es 
reported by Word, et al. 

The 40 a/@ C structure reveals a needlelike substructum in the 
grain boundary phase. 
If so., it could help explain the break i.x~ the density cur= (zeta 
9s believed from dilatomtric data to be a high density phase); it 
could also explain the sudden diffuseness of the high angle PuC 
lines. !RE acicular phase has becom quite prevalect at 25 a/o C. 

This may be the begirnning of zeta fomtion. 

In an effort to obtain a wre nearly equilibrium room temperature 
structure, the samples were heat treated 124 hours at 600 C h 
vacuo. 
temperature. 

They were cooled at 100 C per hour from 600 C to reom 
These will be examined by x-ray and metallography. 

Samples have been machined from different alloys for dilatometer 
and resistivity studies. 
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Plutonium Nitride 

Effort this month was concentrated 0x1 the synthesis of high pursty 
plutonium mononitride and the construction of an apparatus with 
which to carry out high temperature x-ray diffraction measuremnts 
in vacuum. 
from high temperature lattice expansion data. The plutonium mono- 
nitride to be used for these expermats was prepared by reactir-g 
-325 mesh plutaium hydride with gettered nitrogen at 600 C. The 
product is single-phase PUN by x-ray diffractometer analysis. 
The high temperature vacuum apparatus is complete and requires 
only leak checking prior to operation. 

The thermal expansion curve for PUB will be obtained 

Plutonium Sulfide 

Initial attempts to synthesize Pus will be by the reaction of 
plutonium hydride and hydrogen sulfide at elevated temperatures. 

A seven-gram sample of plutonium hydride was reacted with one 
atmosphere of hydrogen sulfide at 500 C for one hour and then 
heated one hour at 1500 C for homogeneizatioa. The resultant 
product had reacted with the tantalum crucible. 
tion of product material scraped from the remainirg pieces of the 
crucible indicated that Pu% was the pajor constituent. 
dride reactant was in the furnace bell jar for several days while 
the vacuum system leaks were being repaired and was probably 
thoroughly oxidized during this time nullifying any further sul- 
fiding attempts. 

X-ray examfia- 

The kjj- 

PKICR Thermocoupled Element 

Btamlnation of two fuel rods from PIiTR thermoccupled test; elemzt 
#1072, E-1 (200 MWD/Q) was completed. 
sections fromthe center of each eight-foot long rod revealed 
microstructure nearly identical to that of nonirradiated, ccld- 
swaged U%. 
revealed what appeared to be excessive hydridicg (esthated 15G- 
200 ppm). 
same rods showed only 37-55 ppm hydrogen. 
having the same fabrication history contains approximately 3.5 ppm 
hydrogen 

Examinatior: cf fuel cross- 

Photomicrographs of the Zr-2 cladding from bcth rd.6 

However, vacuum fusiorr analyses of claddiq from the 

Nonirradia2ed Zr-2 
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Prototapic PRTR Fuel Element 

Twc additioaal siIzgle rod fuel elements were fabricated. High 
energy impact formed UQ was vibrationally compacted in three- 
foot 1omzP 2.328-inch aD x 0.060-inch wall Zr-2 cladding* The 
proposed irradiation of these elements in the EZR P-7 loop ic- 
eludes three parts: 
power, held for three hours and discharged; (2) the second element 
will be taken to full power at a normal reactor startup rate and 
immediately discharged; and (3) the third element will be taken 
to full pawer at oormal.reactor startup rate and will be left fi- 
reactor for the remainder of the cycle. These tests are ktended 
to reveal Wormation about fuel core melting during rapid re- 
actor startup, and about the effect of columnar grain growth on 
subsequerzt zeEtral fuel temperatures. 

(1) one element will be taken slowly to full 

Remote Fabrication 

A welding turntable and weldfie power sqply for remte fabrication 
of PIiTR Mark I1 nested tubular fuel elements were received. The 
circuit of the latter is being modified tc adapt +,he control se- 
quer,ces to the need6 of the fabrication systerr. A smaller, less 
sophisticated, experimental version of the remote fabrication 
facility welding chamber is being constructed. The smaller chamber 
will allow tests of new design concepts before construction of the 
large cham3er is ucdertaken. 

4. BASICSWFZJJXGPROGW 

Irradiation Program 

Two geceral swelling capsules containing axially split, hollow 
cylizzders of uranium were charged into individual test holes. 
Each is being irradiated at a constant t-emperature of 575 C. 
capsules that. had reached their goal exposures were discharged and 
are in the reactor discharge basin to permit some radioactive decay 
before being shipped for disassembly. Two previouly irradiated 
capsules are now being disassembled for recovery md examination 
of the specimens. 
the choice of the type of samples to be used ixi future general 
swelling capsuies. The constructim of additional. capsules of this 
type has been delayed due to the fact that the me-eighth inch 
electrical resistance heaters employed in the general swelling 
capsules have not yet been delivered. As there is no assurance of 
a definite shipping date, an attempt will be made to use heaters 
of one-sixteentk inch diameter that are gn hand. 'P~Q heaters will 

Two 

The conditfar of these specimens will imuence 
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be connected in parallel and wound in a double helix on the specimen 
chamber in lieu of the former single helix for the one-eighth kch 
heater. 
ing capsule coqonents and exterm1 connectioos to accommodate tfie 
different sized heaters. 

Minor design changes have already been made in the remain- 

An MCR prototype capsule containing a singie cylinder of uracium 
has been assembled and is now being thermally cycled from 75 C to 
600 C. 
cycles to determine their effects on a metallegraphicaily prepared 
surface. Depending on the cocdftion af the surface the sample may 
be re-inserted into a capsule and be re-examined after additicnal 
cycles 

It is planned to subject this specimen to 100 thermal 

Post-Irradiation Examination 

An axially split, hollow uranium specimen irradiated tc a bmup sf 
0.4 a/o at a nominal control temperature of 575 C has been pollshed, 
etched, and replicated for electron microscopy. 
reported, this specimen had increased markedly in volume acd had 
assunred a lacy microstructure. 
picked up particulate radioactive particles frcm the speciwr, surface 
and due to their high level of radioactivity could not be processed.. 
Additional attempts at preparing suitable replicas will be =de. 

Btaminatioc of replicas prepared from Zircaloy-2 clad U (errizhad) - 
U (depleted) diffusion couples irradiated at low temperatures arid 
then annealed at various temperatures has continued, 
bmup in the enriched uracium layer 3f the coaxial couples are 
under study - 0.2 and 0.4 a/o. ReFliCaS prepared from ccuples 
annealed at TOO C were unsatisfactory due to insufficient rsliei’ 
on the etched surfaces of the specimens. Accordingiy, the specinem 
will be etched and replicated again. Specimens of the sa= type 
etched after ancealing at 800 C have been processed for electrsr, 
m=tallagraphy. 
pores) than was the case with similar couples annealed at 1cw?r 
temperatures. The microstructure in the specimens is typical cf 
gamaa-treated uranium. Porosity is preser-t in the depleted uracium 
core section of the couples, where the burnup 1s esTimated ta be 
0.02 and 0.01 percent. 
original U-U lnterface is greater thar in the ceztral core regia. 
Due to the non-uniform distributim of pores in the depleted xranim 
section, no reliable estimates of gas concmtration gradiezts by 
qu2atftative mtallography c8n be made. Pxas very frequect’iy 
appeared in a linear array in the depleted uranim-sectioz vhfch 
may mark the position of some prior graic bcundary. 

As previously 

Unfortunately, the replicas had 

Twc, levels of 

Porosity is far greater (greater number ami size 01’ 

Porosity in same regiocs close tG the 

The specircec 
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will be reground and reprocessed for metallography in order to sub- 
stantiate the results obtained. KO evidence of gas porosity i~ the 
Zircaloy-2 clad or Zr-'J intermetallic zone was found. 
tween the uranium and the intermetallic zone immediately adjacent 
to the uraIiium, however, did exist, At %he present Time it is be- 
lieved tnat this gap .is due to pull out during polishing of a very 
brittle intermetallic betweer; U and Zr. 

A gap be- 

A new approach to the quantitative determination of pore size dis- 

tribution is being pursued to supplement the informtion already 
obtained with 0.29 and 0.41 a/o burnup specimens subjected to post- 
irradiation annealing. Additional measurements have been under- 
taken so corroborate acd extend the existing dat.a. The new method 
invclves the assumption that the empirical distxibution caE be 
represer;ted by a general log-normal distribution functim with tw3 

adjustable parameters. These two parameters can be estimated 
thrcjugh a quantitative Illetallographic analysis from simple counting 
masurements made upon the electroIi micrographs. 
tributioln of three dimensional pore diameters can then be converted 
to the expected distribution of diameters obtained or? a random 
section through the structure, compared with the dis%ribution of 
section diameters that have been previously obtained enpfrically 
and tested for goodness of fit. me advantages of this approach 
are (1) increased statistical accuracy, (2) reduction of the three 
dimexima1 distribEtion fro= aa empirical histogram 50 a mathe- 
mtical formula which may be mre easily macipulated, md (3) un- 
biased es%lma+,es of the tctal pore volume and total pore surface 
area in the structure. 

The resulting dis- 

Allay Selection 

An alloy whose Illechanical properties indicate that. it may have 
potential use ~II temperature ezvfronmeE5s ta 1800 F is alloy R-27, 
de-eloped by the Allegheny Ludlum Steel Corporation. A cursory 
examination of the effects of various oxidiziw er;viromnts and 
irradiation at high temperatures is now fn progress, Corrosio~ 
and cxidation specimens have been. prepared with one ~pecfmn pres- 
ently being run in 1700 F CC&e 
indicate that the alloy has good oxidatiors resistance ir this en- 
vironmect. Additional specimens will be ruu during the next mtE: 
$0 check the results of these initial tests. Tensile Epecmcs of 
alloy R-27 are being prepared and wlil be irradiated in a gaseous 
endronmerit at about 1200 F. 

kitial results from this test 



Four new high-strength, nickel-base alloys have now beec received. 
These alloys include Hastelloy Alloy N, Sapes Alloy No. R-41, and 
Haynes Alloy No. R-235. These materials were received as 0.125- 
inch hot-rolled sheet. Cursory exmation of their oxidation and 
corrosian properties will be made as well as a determination of 
the effects of irradiation upon their tensile properties. 

Hanford Laboratories is to be responsible for the procuremnf, 
storage and disbursement of structural material samples to be used 
in the Irradiation Effects on Reactor Structural Materials PTogram, 
in cases where the use of the material is by more than one partici- 
pating site. Steps were initiated during the past month to provide 
for storage and disbursement facilities for these mterials. 
addition, tentative specificaticns were writter fer Zircaloy-2 
plate, Wrcaloy-2 rod, types 348 and 304 stabless steel sheet and 
rod, and Inconel Alloy 600 sheet and rod. 
will be reviewed and submitted to the Wterials Selection Conrmittee 
for approval. 

In 

These specifications 

In-Reactor hkasurement of Mechanical Properties 

The in-reactor creep test conducted on a twenty percent cold worked 
Zircaloy-2 specimen at 250 C and 3O,OOO psi stress was terminated 
after 1407 hours. The test was concluded upoc the failure of one 
of three specimen heaters. 
occurred. 
than just after reactor startup. 
cluded creep rate measurement duricg the other two shut.downs. 
behavior is similar to that of a test conducted on the same material 
at 310 C and 30,OOO psi. 

During the tes? four reactor shutdowns 
In two of these, creep ra+,es were found to be greafer 

Experimental difficulties pre- 
This 

In the 250 C test transient creep was observed about 265 hour, after 
startup in two reactor operating perlods. 
periods were less than 265 hours in length. 
curve was sigmoidal. 
then after about 40 hours the rate decreased. The first transiellt 
produced'a plastic strain of about 0.03 percent, the second 0.15 per- 
cent. The second transient occurred at 1252 hours and nearly equaled 
the creep strain which had occurred before the onset of the transient 
lo experfIllenta1 condition has been revealed which might account for 
the transient. Explanation may be related to the buildup of neutron- 
induced defects which decrease creep strergth at 250 C. The effect 
appears to occur with regularity 265 hours after the startup of the 
reactor. The nature of such a defect cannot be accurately defined; 
however, various theoretical apprsaches to radiation damage have 
predicted vacancies will be produced by Irradiation. 

The rJtner operating 
The transient creep 

Initially, the creep rate increased with time, 

The buildup 
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of vacancies could enhance diffusion and +,herefore increase dff- 
fusioz? controlled creep. The "transiegt" effect will be studied 
further as part of the specimc can still be mintafned at 250 C. 
The results will not be directly correlatable to isothermal 
tests; however, the existence of the transient can still be cm- 
firmed 

At 1408 hours the total plastic creep strain in the in-reacter 
test conducted at 250 was 0.280 percent. 
this occurred during the two transient periods, 
reactor test conducted in - Instroc creep machine accumulated 
0.116 percent strain in the same time period. 

Nearly 0~8 percent of 
A parallel ex- 

Two flux monitors were discharged from creep capsules and new 
ones charged during a reactor shutdown this month. 
are presently being analyzed for calculazioa of flux valEes. 
Until this time monitors have not been successfully discharged. 
The monitors xfll be changed at regular intervals in the future, 

&e manitor& 

Irradiation Effects in Structural mteria3.s 

The purpose of this program is to investigate the combined effects 
cf radiation and reactor envS,rome~t oc the mechanical prapel-ties 
of structural materials. 
determination of mechanical property changes produced in metals by 
irradiation at elevated temperatures, 

Special attention will be given to the 

During the month 51 tensile specimrs irradiated in the G-7.ETR 
hot water loop were tested at room temperature. These specimens 
were cf Zircaloy-2 and types 304 and 348 stainless steel with 
varying amounts of cold work. The raw data from these tests were 
programmed for electronic data processing. A sb.ipment of an ad- 
ditional 226 irradiated specimens to Radiomet,allurgy from the J3TR 
was made during the mnth. These consisted of tensile, notched- 
tensile, and bend test specimens of Wrcaloy-2 irradiated in the 
range 1019 to 1021 nvt (> 1 MV). 

D-itial comparisons of tensile data for specimens irradiated at 
A4280 C in the G-7 loop with data for specimens irradiated in an 
adjacent tube irz ambient ETR water revealed only n-al differ- 
ences in roomte erature properties. For example, at an exposure 
of about 1.2 x lzc nvt the yield strengths for 0, 20, and 40 per- 
cent cold worked specimens, representing the rolling direction and 
irradiated at about 280 C, were 70.8, 93.3 and 92,2 ksi, respec- 
tively. 
water to approximately the same exposure were 7105p 96.5 and 

Corresponding values for specimens irradiated in ambient 
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101.0 ksi* 
radiation temperatures were also about the same. 

annealed specimens the rolling directiolr exhibited a yield 
strength greater by about 10,000 psi than the transverse 
direction. 
percent cold worked specimens varied less than 2000 psi due 
to direction, which is within experimental error, 
in uniform elongation between the two temperatures of irradiation 
was also excellent) and directional effects were consistent for 
both series of tests. 
about 4.5 and 0.8 percent uniform strain for the longitudinal md 
transverse directions, respectively. The values of unifmm strain 
for the 20 and 40 percent cold worked specimens were about 1.2 and 
1.5 percent, respectively, with little difference due to direction. 

The directional effects observed for the two ir- 
For +,he 

On the other hand, yield strengths for the 20 

The correspmdence 

In general, the annealed specimens exhibtted 
. 

Radiation Effects on Tensile Properties of Nickel-Base Alloys 

At the start of the alloy evaluatioc program,, the four nickel-base 
alloys Hastelloy X, Hastelloy R-235, Inconel, and Inconel 702 were 
selected for a study of the effects of neutron exposure UPGL the 
tensile properties. 

Series of duplfcate subsize tensile specimens were grepared frcn 
the solution heat treated alloys. 
specFmens were heated on graphite supports in sealed, evacuated, 
and helium refilled stainless steel containers at 650 C (120G F) 
for 500 hours to simulate reactor enviroruneI;t ccnditions, 
fig to the original schedule, series of each alloy were tc be ir- 
radiated for three and six months, respectively, prior to their 
being tensile tested at atmospheric temperature and at 700 C 
(1292 F). 
the alloy specilllens of the last test series accumulated 9 le-mmth 
neucron flux exposure. 

The unirradfated coctrol 

xcord- 

Instead of the planned six-month irradiatioc, howeverp 

A comparison of +,he atmospheric temperature tensil2 tea results 
of the irradiated and the unirradlated alloy speci.nens does cot 
indicate any pronounced property changes due to radiaticn;. The 
precipitation hardening alloys Hastelloy R-235 acd Incoxel 702; 
however, did lose considerably in ultimate strength md elongatfor, 
after one year of exposure,, while the prcperty chacges of the 
other alloys are moderate. 

Testing at 700 C (1292 F) reveals more severe effects upon the 
alloy properties, particularly with increasing neutroc expcsure, 
In general, testing at this temperafure, compared with the morn 
temperature tests, results in lower yieid and ulfjrIDaCue streogths 
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and an mcrease in ductility, as expected, except for the sinul- 
taneous, very severe reduction iL elongation of the Inco~el 702 
alloy. J2qosure to neutron radiation appears to have a cumula- 
tive damagirg effect upon the tensile properties of these fcur 
alloys when tested at 700 C (1292 F) which is especially prc- 
nounced in the Hastelloy X, Inconel, and Inconel 702 alloys, 
with losses of over 50$ in ultimate strength and up to 86 in 
elongation. It is hoped that additional hardness and structural 
examinations of these alloy specimens will help to clarify their 
behavicr at 700 testing temperature after the long term exposure. 

Since the high nickel-base alloys are knowri to be sensitive to 
cold working and tool mrk notchiag effects, such a6 result from 
the conventional preparation and macbinitg cf test specimens, 
effects of this kind may have coctributed to the considerable 
scatter of the test results. 

Damane Mechanisms 

The objective of this program is to establish the nature of inter- 
actions between defects present prior to irradiation and defects 
introduced by irradiation, and to investigate the possibility of 
neutralizing the effect of impurity atoms by chemical stabilizat.iorio 
High purity iron containing interatinial impurities, such as carborr 
and nitrogen, and a chemical sfabilizer such as titanium will be 
studied 

, 

If specimens irradiated to various exposures are to be tested and 

compared so as to yield informatioc on the role of interstitial 
impurity content and the role of the stabilizer, it is essential 
that specimens have a common and constant grain size. 
are therefore being performed to establish a procedwe which will 
produce a controlled grain size in iron. me size of recrystai- 
lized grains obtained by anneal.ing as suitable temperatures is 
being surveyed and an appropriate working and annealing procedure 
is being determined. 
promising. However, metallography on traneuerse sections dis- 
closed a swirled, spiral flow pattern in the metal; microhardnese 
values varied from 92 to 148 D.P,H, 
factory. 
iron will be investigated next. Dies for this operation have 
beer; ordered 

EkperWcts 

Working by swaging originally appeared 

This structure is unsatfs- 
Drawing as a method for introducing cold work in the 

Precislorz x-ray measurements of the lattice parameter of the as- 
received high purity iron are desired; hawever, the grain size 
is such that conventional methods have fafled. A modified single 



crystal technique is being employed, in which a single large grain 
in the polycrystalline sample is isolated by a fine x-ray beam. 
This technique has been only partially successful because of dis- 
torted peak shapes; however, further experiments are under way. 

The swaged rod of iron has been anneaied at 600 C and will be 
rolled into foils for electror: microscope and x-ray diffraction 
studies. 
for subsequent examination in the electron microscope. 
liminary results indicate that only small iron specimens can be 
satisfactorily examined in the electror microscope equipped with 
an imnaersion objective lens. Large specimens due to their mag- 
netic field distort the electron beam to such an extent that 
transmission electron microscopy is impossible. 
thinning technique which will produce many small specimens from 
a large specimen is currently being developed, and a jet electro- 
lytic thinnlng apparatus is behg designed for fabricatioc. 

Techniques are being developed for thinning iron foils 
Pre- 

An electrolytic 

Ingot iron specimens which were decarburized in wet hydrogen at 
1000 C, nitrogenized by annealing in an ammonia-hydrogen atmos- 
phere, and then irradiated to a number of different exposures have 
been tested. Very little difference has been noted between the 
mechanical properties of the two materials after irradiation 
(decarburized Versus decarburized and then nitrogenized) It is 
believed that fmpurity effects due to added nitrogen have been 
masked by the presence of other impurities, The uniform elonga- 
tion and total elongation of the decarburized iron decrease wi$h 
exposure at a slower rate than do the same properties of the nitro- 
genized material. 
essentially the same, i.e., increase in yield stress (0.2 percent 
offset) from 44,000 psi % the unirradiated cmdition to 62,ooc pi 
at an exposure of 5 x lol Strain-aging experiments are C~W 
in progress on other specimens and my be expected to yield hf,+ prma- 
tion on the more subtle changes, due to the addition of citrogec, 
in the accumulation of radiation damage. 

The radiation hardening in both materiala is 

nvt. 

EGCR GraDhite Irradiation 

The fourth capsule, H-3-4, in the series of irradiations of EGCR 
graphite is scheduled for remcval frm the General Electric Test 
Reactor at the end of the current react,or cycle. "he capsule con- 
tinues to operate satisfactorily with all themcouples fn operation. 

- 
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Flux Intensity Test 

The irradiation capsule, GEB-13-8, designed to study the effect 
of flux intensity on property charges of graphite at a controlled 
sample temperature will be removed from the Engineering Test Re- 
actor at the end of the current reactor cycle. 
is estimated that the maxim sample exposure will be approxi- 
mately 1.5 x 1021 avt (E> 0.18 Mev) 
samples in the four positions having electrical heaters are being 
controlled at 650 C. 
(became open) during a recent reactor scram. 
temperature at that position is being controlled manually. 
other thennocouples are functioning properly. 

At that time it 

The temperatures of the 

The thermocouple irL the #1 position failed 
Consequently, the 

All 

Speer Carbon Campany Contract DDR-136 

The first shipment of graphites produced by Speer Carbon Company 
under Contract DDR-136 was received- 
tinuation of the study of the effects of additives on radiation- 
induced dimensional changes in graphite. 
graphites just received include metallic aluminum and A1203 at 
the 5 percent level and three mixes containing 4.5 percent 
purified Fez9 plus 0.5 percent of one of the principal impurities 
found in technical grade Fe203* 
Under the previous contract the purified Fe203 appeared to have 
less effect during processing thal: the coxmonly used technical 
grade Fe2O3. 

A standard mix containing no additive was again prepared. 
fonrmlatfon was the same as previously used; however, processing 
was altered at several steps. 
reduce cracking; the impregnation step was elimfnated as a variable 
whlch might mask additive effects; and to insure full additive 
effect the purifying gas was not. admitted until the temperature 
had reached 2900 C. Other mixes containing a fluid-coke filler 
and several additives are currently being processed. These will 
give an indication of effectiveness of additives in altering di- 
mensional behavior of graphites having high radiation-induced con- 
traction rates 

This contract is a con- 

Additives used in the 

These are Si@> A1203 and C020-3. 

Mix 

A slawer baking rate was used to 

Boranated Graphite Irradiations 

A new capsule desi@ has been completed which is capable of ir- 
radiating samples in the temperature range of 400-600 C. 
principal heat source is the (n, alpha) reaction of thermal 
neutrons with the boron additive, 

The 

"his reaction generally 

, 
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enc bers capsule design since heating levels of 40 watts/g per 
1OlYnv are attained. This capsule desia, once proven, will 
enable wide variation of heat input conditions and temperatures 
to be handled. 
axially mounted in a graphite tube, and a set of graphite rings 
of proper width and radius control the radial heat flow and thus 
set the temperature of irradiation for the samples. Capsule 
venting is provided to prevent excessive pressure buildup of 
helium gas during irradiation. 

The samples of boron-containing graphite are 

In-Reactor Tensile Creep of Graphite 

The msgnitude of radiation-induced dimensional changes produced 
in graphite depends upon the temperature and neutron exposure, 
Since both flux and temperature gradients will occur in-large 
blocks of moderator graphite, differential stresses are expected 
to develop caused by the differential radiation-induced strains. 
There is some concern that the stresses developed could exceed 
the strength and result in rupture of the graphite blocks. 

If the rate of thermal or radiation-induced creep were suffi- 
ciently large, rupture of the blocks would be prevented or 
delayed. Thermal creep of graphite has been measured at temperatures 
above 2000 C, but little information is available for the temperature 
range 400 to 1000 C of current interest in gas-cooled reactors, 

Calculations for conditions in the Experimertal Gas-Cooled Reactor 
have indicated that a creep rate of in/in/sec at a stress of 
1000 psi would be necessary to prevent cracking of the graphite, 
A program to study thermal and radia3im-induced creep is iri 
progress at Hanford. 

At present tensile creep is being studied on EGCR graphite over a 
load range of 800 to 1000 psi and at teqeratures of 475 to 600 C. 
To date tests have shown an initial primary creep, which is small 
and occurs over a period of a few hours. No secondary tensile 
creep has been found. 
From the sensitivity of the equipmnt it is estimated that the 
secondary creep rate must be less than 

Tests to date have been run for 2000 hmrs. 

in/in/hr. 

An in-reactor test was recently installed in the F-6 position of 
the G1IR. 
produce the desired tensile load on a 4-inch specimen. 
telnperature is attained by gamma heating, Ii? the first capsule 
of this type, GEH-13-9, the specimen is Loaded to 800 psi iri a 
helium atmosphere. The mall temperature is 480 Co An unloaded 

The capsule uses a bellows and draw bar assembly to 
The 



reference sample is being irradiated concurrently in the same 
capsule. 
can be installed if the initial results of pre- and post-length 
measurements indicate that radiation-induced creep occurs. 

The ccpsule design is such that a strain-rate device 

Air Oxidation Studies 

A series of experiments is in progress to determine the effect of 
variations in gama intensity OIL oxidation of graphite by air. 
Previous data had indicated a decrease inactivation energy caused 
by a gamma flux of 1 x 106 r/hr* 
tion on air oxidation in the tempera3ure ra e 500 to 700 C has 
beer, detected in recent experiments at 6x10 r/hro Experiments 
are continung at lower temperatures to determine the range where 
radiation will in.fluence the reaction. 

However, EO influence of radia- 

F 

&-Reactor Corrosion Testing 

Testing of A288 and X-8001 alumfnum, A212 C/S, Zr-2, and 304 S/S 
continued at 300 C and a pH of 4.5 adjusted with chromic acid. 
The loop was down during the month for removal of a valve that 
developed a leak in the valve body. 
valve revealed extensive carbide precipitation with accompanying 
iotergranular corrosion and cracking. 
3& S/S piping were free from this attack. 
removed tc determine if this condition is general in the loop or 
was particular to the one valve. 

Examination of the 304 S/S 
. 

Adjacent weld areas on the 
Another valve will be 

Nickel-plated 1100 alloy aluminum bars were exposed in TF-3 at 
580 F and a pH of 10.0 using LiQH. 
for 100 hours at 400 C and a two-mil thick plate treated for 100 

hours at 400 C were evaluated. After approximately 100 hours of 
exposure, examination of the one-mil material revealed extensive 
intergranular corrosion attack through portions of the nickel- 
plate. The two-mil material is still under test.. 

A one-mil thick plate treated 

The test to determixie if 200 ppm each sodfun dichromate and sodium 
benzoate would inhibit the corrosion of carbon steei and aluminum 
in neutral pH, 300 C water has been discontinued after a 500-hour 
exposure due to excessively high corrosion rates. 
steel. was corroding at. a rate of 0.876 mil/year and the X-8003 
aluminum at a rate of 175 mi.ls/year, 

The A212 carbon 

1230445 
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8. USAEC-AECL COOPERATIVE PROGRAM 

Boiling Burnout Studies with 19-Rod Bundles 

The electrically heated model of a 0.050-inch spaced 19-rod bucdle 
fuel element, which failed after 18 experimental boiling burnout 
points were obtained, was removed and repaired. 
ceramic beads used to simulate wire wraps were found crushed and 
the O.05O-inch spacing between rods was not necessarily maintained 
thrpughout the tests. 
three others were found to have bowed. 
the course of the tests the bowing occurred. 
the test section was repaired using O.05O-Inch Inconel tubicg 
filled with compacted MgO for wire wraps. 
electricity and will therefore generate some heat at a heat flux 
calculated to be about one-third that of the rod surfaces. The 
repaired test section was further modified to include a thermo- 
couple to measure the water temperature of one of the sub-channels 
of the bundle just downstream of the heated section, 

Several of the 

In fact, the rod which failed as well as 
It is not known when during 

To circumvent this, 

The tubing will conduct 

The repaired test section was installed and testiq started. 
ever, a leak developed on one of the rods during the second boiling 
burnout run, and this was sufficient to warrant removal of t.he test 
section for replacement of the leaking rod. When the test sectim 
was dismantled, three of the MgO filled lengths of tubiag used tc 
simulate wire wraps were found split for lengths of one $0 four or 
five inches. This is believed due to very small holes at the ends 
of the tubing which allowed water to penetrate into the MgO. When 
the test section was operated, the water was vaporized faster than 
the pinhole could relieve the steam formed and the resulting pressure 
split the %ube. 

How- 

The leaking tGbe and the split tubing were replaced and reassembly 
of the test section is in progress at the month's end. 

REACTOR AND NU- SAFETY STUDIES 

Advanced Reactor Conceuts Studies 

5 Mwe Spacecraft Reactor. 
burnup for a plutcnium-fueled fast reactor for spacecraft appli- 

Calculations of reactivity and fuel 

catiois perfomd by Applied Physics Operation indicated that core 
life or control span are not significantly benefited by varying 
the isotopic composition of plutonium. 
Pu-240 and Pu-241 did not produce a "phoenix fuel" effect in tne 

Certain mixtures of P~1-239~ 

UNCLASSIFIED 
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fast spectrum considered here. 
poison are now beirig performed to ascertain if performance can 
best be improved in this manner. 
may be investigated later. 

Studies of the use of a burnable 

Fertile material (u-238, Th-232) 

Burnup calculations indicate that a very large control span 
(~308 K) is required to compensate for burnup alone for a 20,000 
core life unless a reduction cari be made through burnable poisons 
or a more dilute fuel-fertile core. 
with reflector coctrol of a suitable type and several control 
schemes are being compared for feasibility and reliability. How- 
ever, this great a span of control in the reflector will severely 
alter power distribution in the core during the core life and will 
require a two- or three-pass coolant system to compensate for this 
effect. 

This span can be achieved 

omparison of the 
with a steam- 9d 

Fas3 Supercritical Pressure Power Reactor. 
Hanford Supercritical Pressure Power Reactor 
cool d fast breeder reactor conceived by United Nuclear Corpora- 
tionr2) and a plutonium-fueled fast b eeder reactor studied by 

be possible to design a fast breeder reactor basically similar in 
concept to the Hanford SFTR. The major chawes in physical plant 
would be associated with accomrnodathg a different critical m3ss 
of fuel, defining core and blanket fuel regionsp eliminating the 
moderator and substituting an alternate method of cooling for the 
mter firel cans and control assemblies, and establishing the control 
reqdrements. A conceptual design study of a fast supercritical 
pressure reactor was therefore initiated to enable evaluation of 
the economic potential of the reactor. 

Atomic Power Development Associates (31 indicated that it should 

(1) Hw-68420 Rev, '%conomic Evaluation of a 300 We Supercritical 

(2) NDA-2146-5, "Conceptual Design md Economic Evaluation of a 

Pressure Power Reactor," H. Harty et al, June 1961. 

Steam-Cocled Fast Breeder Reactor," G. Sofer et al, November 
1961. 

(3) APDA-129, "A Plutonium-Fueled Fast Breeder Atomic Parer Plant," 
April 1959. 

UNCLASSIFIED 
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De RADIATIa EFFECTS CN METALS - 5000 PRCGRAM 

Polycrystalline molybdenum tensile specimns with 0.180-inch diameter 
gage lengths prepared from cold worked rods which were annealed at 
temperatures of 1050, 1300 and 1500 C have been loaded into capsules 
for irradiation to three exposure levels, 1018, 101.9 and 1020 nvt. 

%in foils of molybdenum for study by electron microscopy and x-ray 
dif'fraction techniques have been and are being irradiated between 
aluminum spacers in small aluminum capsules. A recent test in such a 
capsule equipped with a thermocoupled specimen has indicated that the 
maximu temperature of foil specimens does not exceed 39 C during ir- 
radiation in evacuated capsules. If helium gas is introduced in the 
capsule, the specimen temperature falls to 30 C under normal reactor 
operation conditions (normal power and flow of water coolant over the 
capsule ) . 
Capsules containing foil specimens (O.OO3-inch thick) of Johnson- 
mtthey high purity stock, and of stock with nominal carbon contents 
of 10-20, &00-20@, and 400-500 ppm, have received a nominal exposure 
of 1 x l$ 
been annealed at 1850 C for one-half hour. 
cessed in the near future. 

nvt (fast). These capsules contain speciniens which had 
Specimens will be pro- 

Foil spec-ns of Johnson-Matthey molybdenum irradiated in the as- 
rolled state and in the stress-relieved state have been annealed at 
500 C and 600 C, and are currently being examined by transmission 
microscopy. Some evidence of clustering of defects similar to the 
"Black Death" reported by British investigators studying radiation- 
induced damage in f.c.c. metals has been found in the fcils annealed 
at 500 C. Since the density of these defects is low and their size 
is small (-25 A diamter), additional results are needed. 
hoped that the foils annealed above 500 C will supply confirmation 
of this clustering phenomenon. 

It is 

Molybdenum rod from nominal 0.5-inch diameter recrystallized rod has 
been subjected to swaging treatments in attempts at introducing 
various and appreciable levels of "cold-workno Several reductions of 
cross-sectional area were obtained at temperatures of 200, 300, 400 alrd 

600 C. 
calorimeter to ascertain release of stored energy due to the work 
introduced in the specimens by mechanical means. This information will 
be utilized iE the interpretation or" the release of energy stored in 
specimens by neutron irradiation only. 

The "cold-worked" material will be studied in the differential 
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An evacuabie platbum wound furnace tube capable of operation at 
temperatures as high as 1600 C has been fabricated, tested, and 
put into use. 
fcr testkg in the electron microscope have been made. Tests cur- 
rently in progress will establish an optimum shape for the die and 
punch required fcr preparing specimens. 

A total of five tensile tests, interrupted for x-ray diffraction 
photographs, have been made on the unirradiated molybdenum single 
crystal specimens. 
satisfactory. Detailed analysis of the deformation modes, as re- 
vealed by the x-ray patterns, is being carried out. 

Modifcatiom to the shapes of foil tensile specimens 

The specially designed fixture has proven quite 

Low-carbo= single crystals are quite ductile, failing olily after being 
drawn out to a chisel edge. &dim- and nigh-carbon crystals fail 
earlier, a flat. fracture surface parallel to (100) being formed on 
the two speciwos tested to date. Deformation modes vary with the 
initial orientation. The first crystal examined, with rod axis 
initially near EllJ, deformed by a simple (211) - pnJ mechanism. 
Crystals of other orientations deform in a more complex manner. 

E. CUSTOMER WORK 

1. RADIaMETALLuRGY EXAMINATIONS 

The cause of the failure of the third low exposure elenent from 
D-Reactor was detxrmined to be a defective spire that was damged 
during fabrication of the fuel eleraent. 
failure from F-Reactor has been examined. The failure resulted 
from mechmical damage incurred during the chargirg operation. 
heavy scrape mrk adjacent to the rupture area was observed on the 
male end of the failure from 1372 H. 
the rupture. 
whether there was a defective weld. 

A low exposure side 

A 

It is the probable cause of 
The male end cap will be examined to determine 

A 3-1/2-inch core sample of sludge from a Redox waste storage tank 

was removed from a rotary core drill assembly. Photographs of the 
sample were oStained and samples sent to Redox Techcology for 
analysis a 

2. EQUIPMESTDEVELOPMENT 

Recent ex-perimmts in color photography h.ave resulted in procedures 
for the use of color film in the conventional and remote metallo- 
graphs as well as the borescope. The color obtained with this pro- 
cedure approximates the observed color very closely. 

UNCLASSIFIED 
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3. 

A new vacuum annealing furnace and the remote Rockwell hardness 
tester have been set up in '!E" cell. 
are in operation on hot samples. 

Both pieces of equipment 

The High Level Utility Machining Cell is essentially complete 
except for modification of the lathe. 
tinue to plague progress on the Physical and Mechanical Properties 
Testing Cell with delivery of cell castings delayed until late 
September 1962. 
in I-cell in preparation for accelerated testing of irradiated 
structural materials. 

Procurement problems con- 

The Instron Tensile Testing unit has been set up 

METALLOGRAPHY LABORATORY 

A forged steel connector for NPR process tubing was examined to 
determine the suitability of a weld which was laid down to increase 
certain dimnsions of the connector. The welding rod contained 
approximately 0.5 percent Ni with no Cr, while the base metal con- 
tained approximately 0.5 percent Cr and no Ni. Otherwise, the 
compositions were about the same. A diamond pyramid microhardness 
traverse showed a rise from 250 to 310 DPH (equivalent to a rise of 
9 points on the Rockwell C scale) within a distance of about 250 
microns in the heat affected area of the base metal. A subsequent 
stress-relief anneal reduced the hardness gradient sufficiently to 
expect that all other connectors treated in this msnner would be 
suitable for service in the NPR. 

4. N-REACTOR CHARGING MACHINE 

Modifications 

Fabrication of the new limit switch assemblies which control the 
vertical movement of the machine while loading or'unloading maga- 
zines was completed. One assembly was installed on the machine 
and evaluated. Wchanically, the assembly was inadequate and the 
assembly was removed. All of the assemblies will be modified. 

Fabrication of the modified transfer arm pressure indicators was 
started. 

The new process tube nozzle which was damaged during installation 
was removed and reconditioned. The process tube which was severely 
scratched during charging tests will not be used again. 
one-half foot section of this tube was removed for additional testing 
and evaluation. 

A six and 

UNCLASSIFIED 
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About 80 hours of electrical craft time were expended in additions 
and modifications to the control circuitry. 
remote panel and connecting wiring was completed and tested. 
wiring of the co>nters in the Selsyn assembly was completed. 

Installation of the 
Re- 

Testing 

A working committee has been formed with members from Fm), IPD and 
EO to resolve the fuel element shoe to process tube compatibility 
problem. Present work is directed toward obtaining correlation of 
the results obtained in 306 Building on short sections of process 
tube and in 314 Building on a full length process tube. 
work involves the investigation of various parameters such as tube 
and fuel cleanliness, tube length, fuel column length, and damage 
mechanism. 

Future 

The test of autoclaved fuel feet against autoclaved nozzle was 
completed with no evidence of damage observed. 

All flow control, pressure reducing, and pressure relief valves were 
removed fromthe charge machine and set or calibrated 8s required. 
The valves were re-installed and tested. 
were tabulated. This table will be included in the report on Design 
Test 13. 

Set points for all valves 

5. FISSION PRODUCT TRANSIENT 6-8 

Fabrication of 72 fission product transient samples for Phillips 
Autoclaving and final assembly 

of 16 of the coextruded Al - 2 w/o Si clad tubular elements have 
been completed. Ten, for irradiation, contain 0.2 gm Pu-239 each. 
The other6 are calibration standards. Two contain 0.4 gm Pu-239 
each, and four have aluminum cores. Preparations for shipping are 
in progress. Cores for 36 additional elements containing Pu-LI-A1 
and U-235-U have been cast and machined. 
analytical results with the required precision of one percent have 
delayed further work with these alloys. 
on these elements is being done in the glass lathe. 
burn down fusion weld is being made without additional filler metal. 

Petroleum Company is continuing. 
. 

Difficulties In obtaining 

Welding of the end fixture 
A continuous 

For Ada c-e 6e Br ch 
c/ c/ and Development 
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PHYSICS AND IMSTRUMEN!C RESEARCH AND DEVEZOPMEWT OPERATION 

MONTHLY REPORT 

JULY 1962 

FISSIrnW MATWIALS - 02 PROGRAM 

REACTOR 

Ecponential EXperiments for NPR 

The final analysis of the exponential experiments in the NPR condensed 
lattice is cqlete. The method of analysis used was to first detennine 
a suitable extrapolation distsnce for the front-to-rear, side-to-side 
and vertical directions by averaging many experiments; then to determine 
the material buckling from a fit of vertical traverse data. 

The values of the extrapolation distances in the NPR condensed lattice 
were found to be 0.93, 1.03, and -0.47 inches in the side-to-eide, front- 
to-rear, and vertical directions respectively. The negative value for 
vertical extrapolation is the average of a large nunber of experiments. 
One possible reason for a negative value is that the pile is 1.47 inches 
higher than ten lattice units; thus if the pile were the correct ten mits 
high, the extrapolation length wmld be 1.0 inches, 

For the diffusion length experiment horizontal 3raverses were not measured 
and the extrapolation distances were assumed to 3e one inch. The vedieal 
ex-kapolation was measured to be 0.67 inches. 

Tke final bucklings are listed in the following table. 

F~el Fuel Relaxat iolr 
Type Wet or DV~ $(10-6m-2~ Le@h (4 Remarks - 
None --- -293 f 5 36 019 L = 58.46 i .,49 cm, 

Nat. U. Wet -155 f 7 39 e94 Average of twc 
.947 U235 Dry +56i6 49.02 
.947 $35 Wet +250 i 6 67.06 Aver-e cf three 

Mat. U. Dry -160 f 6 39 076 

I230952 



3-2 

Tkere were zic experiments perfomea wlfh the conLezse3 iat5ise ex~j~r~exzifs: 
ir, a 3.c~&& cdfticn or with control rods ineerte5.. 

Tae stredng factor for the NpR lattice CBSL Ze aeZed3e5 fTm the zea6- 
uements. 
frcm the ratios of condenee8 lattice bdckling to moclruy b2cUIng (repc=C.sd 
last math) for each PAel. 
age3,. 
?aci enrzchments is not undereta. 
ir- graphite cmtezlt is neededr but this correctlo-, WiL make the 8iffererze 
still iarger. 

This ratio Is 2.1 for enrichei fuel CUI 1.E for mtvZal fael. 

The rea603 for the difference in the bcckliizg ra5ioe for the t-wt 
The wet an8 clry etrea factors were we?- 

A correctlor: far t.he ;*6$ &lfferer,c.e 

O@timizatior; of Ratu3ed Lattice6 

Twc vertical and two horieontaJ. f3wr traverse6 were measme8 in -the? C-pLe 
rockp with C 11 N fuel. 
conzrcl rod in the center of the pile while the remsiniw traverses were 
perfomb without control r& . 

One vertical traverse was perfama with Oae 

IC-Reaet or Progrem 

Mearzements of the reactivity change with fdiaticm the for cosrol 
~g-ft;ef me r;lazneb fcr the PCTR with the K-lattice core. The SplbeS with 
t,kc lawest IrraiiatioI; have reached their SOEL aqxs-ae an2 have he= re- 
~?,~ei fran the reactcr. 
leta fer several nmths. 

The lrradiatioa of tte PU set will. act. 3s con~- 

T-W ~tUi3.y of neutron transport involves the distrib'Lt-ic', 
eaergf, and airection of the rieutrons. 
energy ~&istri5utiocs of xiztror?s have bees made for my years. 
thf angLar distribczion has not been s",.ded experlme?',taE.y 413i aq- &eta-3. 
TIE prcserrt experiment was designed to newne the ang2ar cietribltiari .- 
x€:curolr,s at The surface of a strox absor5er for cmpar'lsm2 with ;;ne mF2%: 

pGSitiCZ.9 
Measurements of the spwe ar?d 

Hawet-ar: 

cP 

'i I 
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of the S, method for solving the transport equation This is the 
first experiment ever designed to measure angular fluxes inside of a 
reactor. 

The angular distribution of thermal neutrons was measured at the surfaces 
of 37-inch long cadmium rods of two diameters, 0.9 inches and 5.3 hches. 
Each rcd was placed in the center of the graphite core of the Physical 
Constants Test Reactor (PC'IIR) in a separate experiment. 
(63 mils diameter, 140 mils deep) were drilled in the surfaces of the rods 
at several angles. !%all foils (55 mils diameter, 11 mils thick) of a 
Dy2Oyplastic mixture were placed on the ends of aluminum or cadmium pi= 
for insertion into the holes. 
used to subtract residual activation by epicadmium neutrons. 
sions of the holes allowed the foils to see about 2s of the 4?r solid 
angle. 
the& activation to uncollimated epithermal activation) was about 10 
for the 0.9-inch rod and 2.5 for the 5.3-inch redo 

The resTLts shmed the angular distribution anisotropy to be larger for 
the larger bar. 
tropy than did the calculations with HAPO-Program S-X, although the agree- 
ment with theory is remarkably good for such a severe test of the computa- 
tioa model. 

Sad1 holes 

The activities with the cadmium pins were 
The dimes- 

With this collimation the signal to background ratio (collimated 

The experimental data indicated a slightly larger aniso- 

The results are useful to indicate the precisim of transpcrt codes whicb 
are then used for analyzing q-ther systems, as well as to show whether 
sirepler codes can reasonably be used at a reduced cost in wpower an& 
computer operatio=. Verification of theoretical methods will be useful 
in reducing +,he safety factors used in design and hazards analysis, esp- 
ecially in situations which are not directly accessible to experiments, 
so that 3ecisions must be based upon calculations. 

Stability Difficulties with S, Transport Analysis 

Preliminary cmparisoo of S, transport theory predictions with recent Ha- 
for5 measurements of neutron ear distribution has provided a baffling 
contradictory evaluation of the level of reliability of the S, analysis 
method. 

(1) Bo Ho Duane., Neutron and Photon Transport, Plane-Cylinder-Sphere> 
GE-ANFD Program Ss Variational Optimum Formulation, XDD-59-9-118 
(19%). See also Albedo Logic for Double-Sn Transport 

e 

Analysis Y 

pp 4-10 of HwL71747 (1961). 
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A 52-argle transport calculazion of the flux entering the swface of a ca6- 
um cylinder centered in graphite mderatcr wit32 a faeled 8m-d.~~ shm~ 
goou quantitative agreement with a,n@Lax 3stribctioc meascreme2t.s nade 59 
%Lacing tiny semor foils within angclar-collWtio3 hcles drUed htC 

tbze cadmium at various angles to its surface. BLt? in sharp contract. vjtk 
the satisfactory prediction of inward amar iistri3ction. the SrL trazs- 
p~rt representation of the mtwd flux skars persistezt amrical-im~ak9 a 

iXity oscillation in the graphite witm a mean free path of tce ca.&rLa 
suf ace 

Tds oatward-flux oscillation appears to be both spatially damped axu3 
t,~gh%ly constrained in mgtilar-hsrmonic. coztert, with no discersri3l.e 
ociUation in angularly-integrated flux, angd-arly-integrated :crrezt,q or 
inwar6 angular distribution, despite the fact tkiat the m?dard @ar &is- 
tribatiozi shows distortion beyond physical interpretation. 
it is fc,lt that this instabili?y may hsve only iocalized second-order 
effects upon the calculation of criticality, parer distribution> isstropic 
semcr activation, neutron moderation heating, photon energy deposI.tim, 
Zr other such angularly-integrated information. Nevertheless, util t'ds 
difficulty is cleared up, all S, analysis work in curvilinear geometry 
sl;,?l;ld be scrutinized critically for evideoce of atward-fktx. oscUatior. 
xear important material interfaces. 

Csmeqidec'5ily2 

Sptial Resonance Self-shielding 

Wark an the grog-& to compute group self-shielding f&ctorsp program 
';ROUSS, progressed to the point where ar~ ordered energy lattice ccunhiniw 
am eqd lethargy mesh and an energy mesh cen5ere6 ern each resoriance is 
properly computed. 
ry campLting the ?b function numerically fra the differen-zial form 
uing a central difference apprmcimatioc. 

The treatment cf Doppler SroadeCng will be 

In xder to pruvide programming Operatio3 with assistance in fJe1 elerrent. 
cale7;lat,ions which depend on spazial self-shieldix& DE a time sshe$sl 
uAea5 of program GROUSS.. the ANP C-Fine tape generating prDgram, FINDTr3)> 
was szccessfILly used to make a test case tape. 

(2) Amsterr Hmey J., "A Differential Eqyation for Calculating DQler 

(3.3 
Broadened Resonances," NSE ll, 343 (1961). 
Cooper, J. R. and W. B. Henzrsm, "Nuclear Data Tape Program wlth 
Fine Energy Detail," XDC-60-8-59, mgut: 1960. 
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The ANP Doppler broadening code, which computes D-B cross sections from the 
C-Fine tape by straightforward numerical int.egration of the product of the 
cross sections and the relative velocity probabilities, has been modified 
to punch cards in the format required by FIlilYI. Checkout is in progress. 
The FIM)?I and DiB codes can then be used to generate tapes containing D-B 
cross sections of one or more isotopes Over the 
self-shielding cslculetions as described in the 
1962. 

EfSective Void Diffusion Coefficient 

Present Multi-group diffusion codes such as 
change in curvilinear void regions. 
this deficiency has deriyed an expression for a 

BFf Garelis 

desired- energy range for 
monthly report for June, 

incorrectly allow no flux 
in an effort to correct 
fictitious "void diffusion 

coefficient," which preserves P-1 bw conditions when used in ordi- 
n8z-y diffusion theory. 
cannot be coded into HFm. 
being sought, 

Because of memory limitations, the exact expressions 
Adequate, but more canpact expressions are now 

HFN 

Revised pages for the HFlJ document, HW-7195, have been issued as informal 
document HW-71545 Rev. These correct several typographical errors, and 
describe an additional boundary condition option. 

- 

mAC 

Half-life data for dysprosium foils has been added to the built-in APDAC 
library. 

- 

The existence of two bugs in APDAC has been established. 
tain qtiosal features of the code to analyze dysprosium foil activity 
data, one of the bugs causes an incorrect error analysis. 
causes APDAC to "swalluw" foil data under some conditions. The cases 
which originally experienced these troubles were successfully processed 
by changing the input slightly. 

When using cer- 

The other bug 

The bugs have not been located. 

Ccmpctational Programming Services 

ICEDT, the ccanplete exponential data reduction ccde., has been written and 
is now being debugged. Preparation, operation, and revision of various 

(4) Garelis, Ens NUC. Sci. and Erg. - 12, 547-548 (mril, 1962). 
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versiw of the kinetics cod.6, TRIP, have COIltinUe&. 
TRIpCloI* +,o satisfy stricter requirements for parame+,er cosrvergence are 
stu x4riEuccessf'uL 0 

b-pt. data preparation for f'urther calculations on three of the fcmz reac- 
tsr systems to be treated by the S-X code has been turned over to the orfg- 

ing plutoziim is still being processed. In a-%Ution, a problem hvol-sbg 
ykxtton heating in a homogeneous Cs-137 :ylMer was begun and retcrneu tc 
the originat crs 

AttenpttE tG enable 

1.5a.tOrE Of" the Frobaa. my the prcbla Cf the Critical Of diSSOlV-- 

Tnc prGtotype gemma spectrometer was agal,s? rr,truPed to G3-m fcr f3rther 
mdlfieatiom to 5tt-t to meet the specifications. The prototype dif- 
ferential alarm mcdule was alsc returned for changes following extensive 
resting, The prototype units, when satisfactory, axe to be used as models 
far 24 instruments for use in the slov-scan portion of the NPR Fuel Failure 
Madtoring System. 

Cqutations were completed and a report issueii regarding necessary shield- 
ing and absorbers to be usea with both the top and bottom shield neutroz. 
ser&itive ionization chambers for we at NPR. 
reqLest of Electrical and Instrumentation Design, CE&uO. In additioq the 
geaerha program of nuclear instrumentation support for NPR cuntinued wixh. 
review of prints asd specifications for the source range mW.torS the 
iiltemediate range monitor, and associated ion chamber assemblies in the 
reactor shiel8. 
regarding fabrication methods for the chembers . 
Ar. Gutline of a proposed set of rupture activity moxitors sari a rough draft 
specification for the gross-gamma monitor cnannel were submitt& to Irradia- 
Z~DE Testing, IPDr follmhg their request for assistance. 
f 31" the WO-264 project for a fuels aevelqent effluent activity monitor 
for 32th Irradiatim Testing, lpD, andl Ceramic Fuels Development2 Bu). 

The work was aose at the 

Assistance was rendered in the negotiations with GE-APED 

The work was 

S&ggestions and advice were renderea to Irradiation Testa ad Reutcr 
PQysics of: IPD regarding the application sf fission counters tG their 
poison spline monitoring problem, ,and in addition, ccrmments were made tc 
ApFlied Reactor mineering personnel regarding methods to simplif;y d 
mprme the fission counters of the subcritical monitors of the existing 
reactars 

At the request of Design Analysis, IPDp a critical review was made, a& 
ccuments rendered, of a rough draft report which summarizes a calci;lationtXL 



study of anticipated temperature profiles, resulting from abnormal cod- 
ti-, in the tap shield complex of existing reactors. 
cerned shield temperature control by apprapriate fringe process tube load- 
ing. 

The report con- 

An analysis was made and a report was issued regarding the decay and 
attenuation properties of the radiation emitted by an irradiated sample 
of titanium as proposed for use as the wire in the NPR Traveling Wire 
l!'!Lux Monitor. Because of the high energy photons from the titanium and 
from a small manganese impurity in the wire, it was estimated that at least 
5*5 inches of lead shielding would be required. 
present, the lead could be reduced to about 3.5 inches. 
two inches of lead. can be incorporated in the present design, major design 
modificatiaswill be required. 
Reactor Physics, IPD. 

If no manganese were 
Since less than 

me analysis was made at the request of 

Tests intended to yield information on the flux distribution effects of 
reactor control rods under equilibrium operating conditions were continued 
during the month. 
three locations in the lO5-m reactor, due to four rod position changes 
made one at a time, were obtained, Measurement methods used in the last 
test series improved the precision of the measurements. The test method 
yields usef'ul data with very small rod movements and thus can be carried 
aut during normal operations with negligible effect on the reactor flux 
distribution. 

Simultaneous recordings of neutron flux changes at 

Additional tests are planned for the week ending August 5. 

Work was resumed on a reactor control and transfer function study using 
the EASE and GEDA analog computers. 
one used for the reactor instrumentation study, except that the scram 
and vertical safety rod circuits are not needed. 
a controller for each of the U. regions in which parer and tpsrperature 
are computed. 
fied value while the entire reactor comes to equilibrium. 
were made with the controllers in and operating; a .1 megawatt step change 
in power was introduced into each region in turn, and the results in all 
nodes were observed by recording regional power on an 8-channel strip 
chart recorder, 
gain constants of both one and ten on the controllers. 
17~18 

structure 

The analog model is the same as the 

The sixuulation includes 

The controllers hold the regional parer levels at a speci- 
Initial runs 

me zero and type one control were both used, each with 
Additional analog 

are planned to verify our present concept of an equivalent reactor 

The 11-node reactor instrumentation analog sirmilation study has been ccmp- 
leted for the present and the results given to UPD. 
study was to determine, for various instrumenttrip point settings, how fast 
the control rods may be withdrawn without causing coolant boiling at the 

The purpose of the 

1230958 
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x- 
reti@t.or octlet.; the problem was stulied at several pwer levels. 
uxtrinents prmridlng reactor scram signals ware those wkdch monitored 
nrLtron iLiix, reactor outlet temperature, azid linear rate of rise of mt- 
Let temperature. It is probable that Au'ther iBstnunentaCi3n study will 
SE: mdertaken SOQL. 

A purchase specification for one ccnaplete systen: of muey (NPR) csnCvro1 
eqLipet %?as prepared for lJpR ProJect OperaTim. 
the eqdpezz haE been placed. 

The theory of Dynamic Optimization has been exzended to cases of more than 
cne -brariaM.e, scch as large reactors. 
apiLizarim ts practical problems wfll reqd.re the WE? af a cmputer, as 
the nathematLCb became c12m3ersoBae to handle 8aalyLJ.cd.l~. 

The 

A p.;reha6e order for 

The theory has been verified, bat the 

SEPARATIONS 

. EXper5meats with P2xtonium Solutions 

pother critizality experiments were coducted with plutoxhzri-dtrate so&c- 
tics fc a 14-inch aameter stabless steel sphere, fU3.y reflscte3 with 
wazer 0 

Criticdity was svdied as a fuhlction of the plrrtdum concentration and 
acid mlarity of the solutions. The plutonium concectrations were in the 
range of" 33 to k4.7 g Pu/j; the dtric acia molarities of the 60~utiOrss 
were apprcncfmately two a,nd four. The critical concentration of the Ail 
sgkcre (23.22 litere) is determined from extrapolation of the data (criti- 
cal solme as. concentration) as the PU coxentration is adjusted an& 
-.rfticaLity b the PU sphere is approached. 

csducteii with PU solutions at an acid molarity of &6.0. when 
empLe~,e., these data will permit m evaluation. cf the effect cf nltra+e 
OE the criticality cf the Pu solutions. 

Data were alsc obtafnea for estimating the correction to the measure6 crit- 
ixd ~~lmef for %he effect ofthe 0.044-bch stahless steel vessel wall. 
lor P-E. experiment a mock?. of the sphere ne& support was appeded to the 
vessel tc determine i.3~ effect m criticality. 

BcperimRnts are clzrrently 

Tke data Srsrr; the errperbents cmpleted during the month are summarized 
h the follming table. 

T& PJ cmce5tre;tions which result in criticdity with the sphere ftLL 
L 

c 

\ 

,. . :I ' 
- ., . 7 .- . .I. 

,. .. 
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for azi6 molarities of 2.08 and 4.07 are givex belai: 

Pd Concen%rst ion 
for Criticdity H/PL 
iri FU.3.i Sphere At ondc Acid Total Critical 
(23 22 liters ) Ratio Molarity Nitrate NSS 

33 02 Slr 7 50 2.08 

38.6 g/t 613 4.07 292 g/r 896 g Pu 

Of special inportawe for the execution of the program. of criticality 
s+,-d.~es in the Labwatary is tie 234-5 Develapment Processing Facility for 
Critical wss ~ef. preparation. The equipment for concentrating plutoniun?- .. 
rdtrare eolutiza is em available. 
txzii frm the mixing rocai of the Critical Mass Laboratory was begun dur- 
irg the nionth; seven PR cans contahbg a total of 56 liters of Udte 
R scldion were sent to the 29-5 Processing Facility for re-concentra- 
tioa. These transfers were accoqplished without spread of contamination; 
the lo& out prcsedvre has worked very well. 

A EY spherical critical assembly vessel of l5.3-"2ch diameter was re- 
cc,ived d-uing the month. ms vessel conta- prcwisfom for a re-entrant 
th%e to facilitate fl-a measurements along the axial diameter of *.he unit. 
!l%2i i~ the seeon6 sphwe of this design to be received. This unit wlll 
pew% critfcdity esad bucklhg measurements at high Pu concentrations 
GAC acid molarities in the uru'eflected state, whereas the diameter (11.6 
?.ziches) cf the presrioa unit received will permit similar studies with 
bi& PC; conceatratiom in a fully ref^,ected assembly. 

Rcutine load mt of glutoniUm. solu- 

Xuat-E :f Dqeriments with Plctonium Oxide: Plastic Mixtures 

(ImstnL.t,i~szl is proceeding on the critic& assem3ly (split-ha3f) mackdse 
for zse in tte criticality measurements with the PuO;?-plastic mirrtmes. 
l?i.~l testingg and the isstaUation of this (levice into the secord hod 
of" tbe critical sssembly roan is wetted to be ccqleted h2 December Of 

this yew, 
leted and %estea.  he operation of oae rd drive has also been teste& 
ad the canstr..ctioz of the other three roci drives has been started by 
TecMcal Shops for delivery in August. 

The electrical wiring of the movable table has 2561 beexi ccqp- 

The ne% nectron source drive for we with the split-half machine has been 
prcmiseft 5y the vendor about October 1. 
mcce has been received. 

The plutonium-beryllim neutron 

.. 
F ' 

! 
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The fabrication of the Pu%-plastic mixture into small two-inch cubes by 
tk Plutonium Metallurgy Operation for the initial series .of experiments 
is about 75s completed. Since the K-9 incident, no Rurther preparation of 

the fuels has been made. 
contamination control has not been fully resolved. 

The problem of coating the individual cubes for 

A supplement is currently being prepared to the Hazarde Summary Report 
for the Laboratory to cover the operation of the split-half machine and 
the experiments with solid plutonium bearing systems. 
expected to be ready for submission to the AM: by October 1. 

This report is 

In-Plat Neutron Multiplication Test for Nuclear Safety 

On Saturday, Jwy 14, an in-plant neutron multiplication measurement was 
made for a large array of partially reflected shell castings in hood 
HC-22SR of the 234-5 Building. 
with ten inches of water contained in fixed steel tanks. 

The array was reflected on three sides 

%56" Increased storage in hoods HC-2291 and HC-45SR were previously pe 
upon the capletion of In-Plant Neutron Multiplication Test No. 3. 
The increased storage resulted in increased neutron exposure to personnel; 
"water walls" were then erected on three sides of the hoods to reduce the 
neutron exposure. 
%he effect of these 'Lwater walls" on the criticality of the array. 

The multiplication measurements were made to examine 

This was a cooperative effort between personnel of Critical Mass Physics, 
IILO, and CPD. 
Critical Mass Physics - together with technical direction during the meas- 
urements. 
course of the measurements. 
into the hood at 33 positions in three layers, the array was far subcriti- 
cal; these results show that it will not be necessary to reduce the number 
cf units permitted in the array because of the effect of the "water walls". 

The instrumentation for the experiments was supplied by 

The three neutron instruments behaved perfectly during the 
Although a total of 592 Kg of Pu were loaded 

This is probably due to the fact that the castings used in these experi- 
ments had a smaller stacking density than in previous experiments, foe., 
at each position in the storage array, the keff of the individual stack, or 
its fraction of critical, was smaller. 

(5) Rw-71208, In-Plant Neutron Multiplication Test No. 3, R. E. Isaacson 
and R. I,. Stevensm, 10-2-61. 

(6) aW-71345.. Critical Ass Estimates for Arrays of Castings, R. E. ~ssac- 
son and R. L. Stevenson, 10-6-61. 
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Measurement of & in the PCTR for Dilute Solutlosls 

AE meriment to study the effect of stainless steel (as used in contain- 
ment vessels for solutions) on the measured values of k, in the PCTR was 
eqlated during the month. 
uranyl fluoride (U@pT) solution with uanlum concentrations in the range 
12-20 g u/j; the uranium was highly enrichea (93.1% $35). 

Data from the experiment is now being analyzed esd the results will be 
wed to evaluate a previoua experiment on the limiting critical concentra- 
tion of plutonfum in water, which also used stainless steel core tanks. 

During the course of the experiments, a sanewhat -ected phenanenan was 
observed. 
be Less than with the core tank filled with air; the results showed helium 
to act 86 a poison to the system relative to that of air. 
measurement was then made with the core teals under vacuum. The observed 
differences in reactivity were dependent on the thiclrnesses of stainless 
steel in the core tanks, but in terms of incretwing reactivity the order 

The experlment was conducted with dilute 

The reactivity with the core tank filled with He was fd to 

A re&iV$ty 

W-j He> air, VacuUm. 

The results show that He cannot be arbitrarily used as a substitution for 
a vacuum (standard) wherein the PCpR methd the & in the core tank is by 
definition Unity. 
a aroid (& = 1). 

In previous experiments He ha6 been used to simulate 

Consulting Services on Nuclear Safety - Criticality Hszards 

Nuclear Safety in EL0 

The follaaing nuclear safety specifications were approved and issued: 

e-1 

J-1 

5-2 

N-1 

Rules for Plutonium Handiing in Dry Glove Baxes (Pl.uto?xLur~ 
MetUurgy Operation) 

Special Rules for Handlw Plut&um Metal in Glove Baar 47B 
'(Casting) 

General Rules for the Storage, Processing, and 'hansporting of 
Plutonium and Plutonium Oxide (Analytical Laboratories) 

2309b3 



c 

c- 

Nuclear Safety - Training and mucation 

A course In nuclear safety for the benefit of CPD engineers is beira 
given at the Critical Mass Laboratoryo 
of ten lectures together with the showing of several films on the subgect 
of criticality and nuclear safety. 
Messrs. Brown and Clayton. 
JUy 23; the meetings are from lO:3O AM to 32:OO noon on Mondays ad 
Thursdays in the lunch room of the Critical Mass Laboratory. 
perscns from CHI are participating In the first session. It is expected 
that fm' sessions running consecutively will be required to accommodate 
all. those interested in participating, and that about 100 supervisors 
frm CPD will ultimately complete the cwse. 

The course consists of a series 

The lectures are being given by 
The first series of lectures was begun on 

Twenty-three 

Mass Spectrametry 

The heavy-el&t mass spectraneter for this program has been aut of 
operation this month in order to investigate the possible reasom for the 
poor resolution of the spectraneter. 
analyzer revealed that its axis is aut of alignment by 0,28O from the 
median plane of the magnet gap and 0.28' from the plane perpendicular tc 
both the median plane and the plane of the magnet pole boundaxyo 

Measuements of the alignment of the 

An anmination of the inside of the analyzer tube revealed the presence 
of magnetic filings bridging from one side of the tube to the other in the 
wet gap0 

It has not bees determined as yet that the misalignment adlor magnetic 
filings could account for the poor resolution. 
flect-ion in the direction of the magnetic field which was prevfousLy re- 
wired to bring the beam into the center of the analyzer exit slit eouiLd 
5e accoated for., 

HoweTer, a part ofthe de- 

The linearity and accuracy of the vibrating reed electrome%er ad recorder 
system cf the mass spectrometer was also callbratred &zing the mmit,h. 

Eheraction by Matrix Me-r.hodls 

A straightforward extension of the s b ritical interaction problem tc 
matrix form us- the work of Dowson r7j has been completed. A simple 

.. 
AHSB- S- R-28 9 
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assumpkfm led to a nethod for predicting hff of a,n arrey af interacting 
usits. 
ier~ ia line; 3 cylinders in a triarigle; 7 cylinders in hexagonal array) 
shcrwa the predicted k for measured critical systems to be in fair agree- 
mat. 
S~ET~L~ in which case it may be as much as 79. 

A ~cssible method has beer. found to take aecomt of an external reflector; 
however:, n~ data is yet available to check aut this method. 

Canparisor with the available data on such systems (3s 4, 5:, cylin- 

The errors m 1-% except for very close spachgs of the l' cyU.rider 

Wcbling of partially Mlled spheres 

A tnecrcticd study to cmgute (or appraimate) the bcckling of parti- 
filleAi, reflected spheres has begun. 
prmide muct additional infomation from the experimental data ozi plut.onim 
5,olLtiOns. 

Kzlowledge of this brtckling Will 

Tlae first step in the solution of the problem has been taken. 
ity function for neutrons leavbg the reflector and returning to the Azel 
&ch;tim before re-strikhg the reflector (assuming constant isotrapic flux 
was integrated andytically for the case of a half-full sphere (hemisphere)). 
The probability was found to be exactly one-half. Talring account of milti- 
pie reflections gives a probability 1/(2-R) (R = reflection coefficient) 
t5at a neutron leaving the reflector will ever ret= to the fuel. 
mmber of neutrons returniDg to the fuel may be assumed to have a direct 
reLatdonship to the reflectar savings, then the end points of a bucklhg 
'vs. height curve are hown and assumptions can be made about the curve be- 
$ween therse poizlts. Insufficient data are available to check the calcula- 
tims &e thus far. 
prcbability function for arbitrary height of solutio>. 

The probabil- 

I 

If the 

An attaupt is under way to analytically integrate the 

kstnmentation anci Sy&mns Studies 

A rm3actlve waste aisposal heat trasfer stav was coslducted to detemine 
tk maximum sphere of influence of the heat produced by a buried cylinder 
cf radioactive waste. 
t.unperatr=re in the cylinder reaches a maximum at a time determined by the 
bitid heat generation rate and the thermal characteristics of the soil. 
The magnitude of the mexbmm temperature ad the time of its occurrence 
were to be determined. Heat flow is described by the diffusion eguatio& 
a partial differential equation. 
rct?r, finite difference techniques must be used. 
second crder> two bourdary coditions are necessary. Howeverr only one 
?m,~~ary condition waE ham. 
3r~ca;L r&us so that %he sphere of .Whence coul& be considered as in- 
fi2i.%ee This restriction made it &practical to desi= a fielc wi5h the 

Since the radicactivity decays at a known rate, the 

To solve this equation 03 the makg sm- 
Since the equatim is 

This made it necessary to use a large cylin- 
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mesh points spaced closely ellotigh to give +,he needed results withcut exceed- 
ing the capacity of the canputere Thereforep this stcQ- has been postponed 
until. better techniques are develcped or more cmp~.%ing ewipent is made 
available 

A stw to simulate the Batch Pot Calcination process fix trea+,ing radio- 
active wste was started. 
effect of the variables on the temperature pr3fil.e in the pot, The prob- 
lem is highly nonlinear) uti- 26 diode f'mction generatars, 30 multi- 
pliers, 35 canparator relays, and same special circLits. A large anOuTt 

of this eqpipnen% has to be designed and fabricated sbce it is Eot avaii- 
akle on our present computers. 

The purpose of the study is to determine %he 

At the Critical Mass Laboratory, sane trouble was experienced with the 
log-N period meter diiing high level operation because of violeat si- 
fluctuatiaus. The flzactuations can be smoothed by increasing tne filter 
time constant but this increases the time required to actuate the trip 
circuit. A better sclution is to increase +,he detector efficiency, thu 
ixrprovfng the cmting statistics ad preserving the shGd trip time. 
A program to improve detector efficiency was started. 

The control rod drive mechacism for use at the Critical. ~SE Labaratory 
was operated and tested extensively during the nmth. Measurements showed 
a maxhnm withdrawal speed of 8.25 inches/minxte, a positioafig error of 
107$ maximum, 8 repositioning accuracy of f 0.015 inches:, and a contrclled 
fall time of 0.6 seconds which is 2.5 times longer than free-fall. 
mechmism was %hen adjus%ed to recycle (raise anc3. fall) for six hours., 
Following this, the gear system was aemfsed and wrnesalve gear backlash 
was nQted. New osrersize keys are being installoci tc alleviate the pmb- 
led?. 

The 

NEUTRON CROSS SECTION PROGRAM 

Qusi-ELastic Scazteriag of Nextrom frm Water 

The analysis cf new data 0x1 repeat meascrements of the quisi-elastic com- 
p0Qen-t of the scattering of neutroxs frm water has Seen cmplered. The 
new measurements which were made wizh a sigdffcaatly thinner water sample 
agreed wYth the preyious measurements withic The stasistical acmracy of 
tne data. 
scatter- for this case which predicts a difference ic shape Df the 
angCLa.r 3istributioE af intensity of only abat TWO percent, 

This resvit agrees with a simplified ealcdation of mvltiple 

FU-ther analyses were performed on the results gf ?he qiasi-elasttc scat- 
tering of neutrons from water. These analyses show t%t the variatlm whim 

0. 
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scattering cmponent with 

scattering angle for neutron energies of 0.1 ev and 0.15 ev is consistent 
with a proposed model of the diffusion of water. The parameters which 
5escribe diffusion that are obtained from the fit of the model to the . 
ohenred scattering data, however, are not entirely consistent with the 
eqecT,ation values. The results of the scattering which were obtained 
fzr 0.25 ev energy neutrons are, however, apparently inconsistent with 
r‘t;i.s model. 
HJ$e”ZerB the data obtained for 0.25 ev energy neutrons are of signlfi- 
cmtly poorer quality. 

The reason for this discrepancy has not been determined. 

Iselastic Scattering of Neutrons from Water 

Measmements were completed of the amount of higher-order Brsgg diffracted 
ne~troz~ in the incident neutron bean of the triple-axis spectrometer 
csiLg a ~(0002) diffraction. Measurements were made for the same neutron 
energies of 0.15, 0.2, 0.3, and 0.4 ev and in the sane spectroraeter con- 
ffpation that was used for the measurements of the inelastic scattering 
cf neutrons from roam temperature water. 
vxtzoss was found to be the same at all of the measured energies and equal 
to 0.02 f 0.002. 

The fraction of higher-order 

In order to obtain direct information on the effect of multiple scattering 
of neutrons in the scattering sample, measurements were made of the angu- 
lar distribution of scattered intensity of neutrons of 0.15 w initial 
energy a& 0.075 ev final energy for water samples of two significantly 
different thicknesses. These data have not yet been analyzed. 

TIE aata which have been obtained on the inelastic scattering of nesrtrons 
frcm roan temperature water have now been reduced to an absoiute differen- 
tial cross-section scale and have also been prepared in the Egelstaff 
Scatoeriig Law presentation. 
rections for resolution of the measuring spectrcmeter and multiple-scatter- 
ing effects fn the water sample. 
results of sfmilar measurements obtained fram the Chalk River-Harwell 
progrm. 
2 TO 6, the resvlts are in good agreement . 
sigificantly better statistical accwcacy and extend to B values of 10. 

These data are now complete except for cor- 

These data have been canpaxed with the 

In the region of averlap, which is for p values (&IO.) of 
The Hanford results are of 

The Scattering Law data have also been used to derive the generalized fre- 
Qtzemy distribution function p(p) for water. 
with the analysis of the Chalk River-Harwell xesults in the region of 
overlap. 
“aeqlored, reveals a strong contribution from the vibratiom excitation 
of water at about 0.2 ev. 

The derived f’unction agrees 

The shape of p(p) in the region 6 Ip 2 10, which was hitherto 

The derived p(p) does not, however, satisfy the 
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Placzek normalization condition. 
tc resolution effects. 
catio;;, of the results to thermal-reactor sFectra calculaticm 

This inconsistency may be due XB part 
It may be of ZG sizeable conseqcence i? the appii- 

Tke rem;lts of the inelastic-scattering measureme~t3 ere Sei% prepared 
as a. manuscript for presentation at the IAEA Ccnferenee at Chaik River. 

Rot at L-ig- Cryst a3 Spe ct rmet er 

Desi- work oli a rctating-crystal tine-of-fligkt spectrCmeSer fcz inelastic 
neu5rm Ecattering measurements is coctimirs. St.dieLc are in pmgress . 

af po;alble neutrm cletectors and shielding prcblems. 

Fast Neutror, Cross Sections 

De ccmputer program for the raction of fast-neAron total cross-sectior, 
data, BIGNED, has been essentially cqleted. 
which were obtairzed last December were re-evalua~ed 13- the canp~~er 
Frogram. The variatiom which had beeri obserred In the pret-ioza cal-8 

cvlations which were due to improper alignment of time zer? appear 50 ha*dve 
been substantially eliminated in the cmputer prcgram. The fxta; cross-. 
section data obtained last month are now being processed 5y %he cmp2er 
pr3grana. Adutimal sub-programs are being prepared t3 adapt BIG-HED tr: 
hazdle different experimental mzthcda of determuation of zero tbr ax& 
channel widzh. 

Total cross-sectbn data 

Imtrumextation 

Work has been completed on the 1024-chame.', zhe-of-fLi&t a;r,alyzer fir 
use wi%h the ueutron spectrmeters. 
low-term test in the lab. 
iato use within the n& few weeks. 

The aaalyaer is presezltily undergwg 
It is expeetej that she azalyzer .rill 'be p~: 

Studies of pulse shape in organic scilztillators were continced. 
collected for three-dimensional families of cx,?res of tm*kracene axil 
Ne 213 i?EqcJd. The Ne 213 is used in a 2" cell ad a 5'' cell fcr the 
Fast Time-of-FligM Program. B@th cells were meamred, a& the '2'' cell 
was remeasmed following &eqgenatio;l of the liquid. 
of the separatior, 3r dispersioE between n a~ ;v peaks as a fucsim cf 
sazqling time frm %he start, of the Wse. 
constant. These plots can be used to estimate the rewirac! mtegrathg 
time constant to be used in pulse separatirq cirxita. 
ssilhme and antynacene have very lord -pulse tails, with phctocs stXll 
cmi-% from the crystal af'ter 10 wec for srilbcne and at leasx 39 psec 
for anthracene. 

Data were 

Plots verc made 

The electrm ecergy was held 

It was fcmd %hat 

On -the cther handp the liquill PE 2i3 is a xder cf 
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rn@fuie faster thar. stilbene. 
circuit asel lathe Fast Time-of-night Progrm, whfc% was desimea for 
st2iJ2sne: can be redesigned with nzudb n2eded improvements in dead-time:. 

This syqgests tht the gamma suEressio2; 

:rq'Llt,e Lattice Paremeters for Lar Rcppome m-Al F.z& 

T~L~+een-g~cnz 

T~EBE. ~OBE secticas were obtained frm GAM-1 and SPEXXRUM-V. 
z.9i.s set in thE case of the 
&, = 0.974 when wed in Bograni S. This case seems to have colroerged 
atieqyately. 
aE xqared tc the experimental value of 15.2. 
Lattice spacings is under way along with A;rther analysis of the lC@ 
lat-,t,ice 

average cross section sets have been obtained for the lC@, 
8-3/8", ad 62 P,, LK fueled lattices, both poisomd and WoismeL 

The use of 
poisoned lattice gives a value of 

me cal-ated cadmium. ratio at the cell boundary is 13.9 
Analysis of the other two 

Critical. Facility 

TE K-AG (drafts of the twenty-four PRCF startq) tests are Canplete. 
Twxzy-me of' the tests have been distributed for final review and accept- 
EU-CCE~ 

s.'I"ptB;aCe. 

Tzee zests are being revtsed and prepared for distribution for 

Tm zwc ~IJX traverses rigs have been conzpleted. 

FTL~ dxf2kre.c-b set& of q caters (each set casisting of a preamp, 
mpLtfier, kgb voltage supply and scalar) have been assembled into two 
mobile r&c& for use in the startcp of the PRPCF. 
have 3een checked for proper operation and repairea as necessary. 
racks are tc be taken to the Critical Facility 8,nd the eqGipnent sets cm- 
tame8 h then are to be used withtheparticclar Bq tubes th& have 
be~s calibrated on them. 

All of the coanpoazests 
These 

Sty. &" alminutn jacketed Banford q counters have been calibrated on ea& 
cf wo &ifferest sets'of eqgipment. 
&xte vs. bias voltage have been made far the twelve calibration&. 

The rewed plots of cou13tc per 

-.. . .- 
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Twelve $' aluminum jacketed Hernford BF3 caters were received duj-ne the 
month which fills the counter requirements for %he startap. 
the calibration of these tubes is under way. 
experienced because the counting eqgipment in roan 1-A picks up sigaals 
frm tke EM Card Punch machine located in 24A. These signals have a.e 
much as doubled the normal counting rates, depending OII the operating 
speed of the card punch. 
system seems to We been located and methods of r,edwing their effeo? 
are being tested. 
method is found. 

Critical ~ss Studies for 1.8 w/o Pu-U me1 

The approach to critical with the two zone loading was comgleted uing 
the low concentration of Pu-240 in the inner zone. 
lated below, have not been anslyzed by the least swes method. 

At presenk3 
Some difficdty has been 

The point at which these sign&s enter the 

Calibration work will continue as soon as a suitable 

The results as tab=- 

Inner Zone Outer Zone 
Extrapolated 
to Cri%ical 

211 5.054 7.06 gzu 240 6.00$ 7.19 gm 486 3215 P 

The lattice spacing used for the two zone loading is 0.85". 

PRTR me1 Irradiation meriment 

C;amma-ray activities have been analyzed from foils which wer, - irradiated 

in the EBTR on unirradiated, Ix Pu-Al fuel elements. 
vertically on a fuel element and between two rods in the olzter ring of 
the 19-rod cluster, 
The temgerature of the moderator was 302% and that of the coolant was 
305% for this test, 

Relative activities of ~u-176m and Lu-177 have Seeo calcclated fcr the 
eabhm-cavered and bare foils. Spectral indices and Tralues cf rJ the 
parameter which characterizes the epithermal coxxpoaeuh of the neutrcn 
spectrum, have been calculated frm C,hese data as a function of positia: 
along the cluster. 

The value cf the spectral index was constant alcng the Pu-Al alloy and 
equal to 327 f 10%. For this analysis, it was assumed that zhe shape 
of the function which joins the slowing-down distribution has the frm 3f 

The foils were placea 

Both bare and cadmium-covered foils were irradiated. 

.. 
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that measured by JDhanssonl et al. ; and rePofie3 in tbe Transactions af ti%? 
-- m~ 3> 169, paper 15-10 (1960). 
energy distribution of nectrons calctrlated for the PI& regioc of the 
C?;;Ter ring. 
5iLlation nomters to be recalibrated for the spectral index measmmm?ats. 

me wdue of r was constant and 
x vse zdclaateii frm- the ~2-176m caamium ratig. 
ard 467 Sarns for the epicadmium (above 0.64 EV) mci epitliermal. resonarse 
inkgals of Lx-175 respectively were assumed i~ the calculatims. 

sitatus of pRTR Re1 Irradiation Dcperimests 

Czdanetric titratios of 19 u3lirr&iated samples cf FQ-A1 melts which 
vere used in the six & Pu-A1 physics test elements ad element 5015 kve 
been completed by Uytical Laboratories. The mass spectrograph52 maly- 
ses are 5% complete. 
a-mz 0.5 w/o quantities, has aa appreciable (as mush as 3$) effect o=? the 
Fu titratiafi. A correction to the burnup results obtained OI? element 5075 
Qy ecLLome%ric titration is required, since neither the --adiated nor 
tbe irradiated samples were corrected for irors. The mass spectrographic 
&-&lyses for Pu isotopic composition will provide a better basis for 
5stimating bmup than the ncaniaal canposition which has been used to date. 

Esxiup a.r&yses malogms to those performed 00 & Pu-A1 element 5075 have 
hegin 01). U@ element 1041, which was exposea to abmt 2000 MWD/T. Mfteel?.:, 
me-incn samples have beer cct off by Radiametallurgy, and me sample has 

te~lc, dissolved and coiLoanetrically titrated fcr Up R, an& Fk. Skce the 
5:tivity and PL: content of the solutior. was satisfactory for Analytical 
hlzratcries’ pmposes9 dissolution of the remaining samples will procee9. 

E-& effect of the dissolLtion method, the &isiw of cesiun cmrier, and 
The preserree cf iroR on the burnup analyses of PI-U elements will be 
:mes2fgated by adjaceDt samples frm one rod of elemen5 5042 being 
shipped to Radimetallurgy as part of the C€!D dissolution process studies. 

The antilysis will be repeated srshg an 

In additlox, data has been taken which will ezlable %e sch- 

$0 0.064 f 0.904. The va;?;es of 
V~U~E of 459 bei 

The presence of iron in the aluminurr? found in 

PR’IR Theory-weriment Correlat ioo 

A rimsistert set cf cross sections for use in the analysis of the PRTR 1s 
Seing ccxqiled. 

The xoss sections of selected isatopes in tie RBU Basic Library are being 
Lz2dated. Upon cmpletio3 of updating the cross sections in the library, 
ti mmc will be issued citing the references used a22d assrlllrptions &e in. 
this compilation. 
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Program BARNS(8) has been altered slightly9 so that the Output can be 
ob%ained on punched cards. These cards become inpt for a program formula- 

energy dependent absorption and fission cross sections 
as well as the scattering and transport cross sectioas 

us)* !Qxi.s prog?(T's output is on ptvlched cards wUch are 
in the TEMPEST 9 updating subroutine, 

The G.A,M-~(~~) updating programs yet to be ccnrple%ed, will permit the 2pdat.- 
ing of the cross sections on the GAM-1 nuclear data tape, and the RBU 
cross sections' 'can be used to update this tape. 

With these three nuclear data tapes being updated from the same basic data, 
a coneistent set of multi-group cross sections, for use in either a trass- 
port or diffusion analysis with no restrictions on energy structure, will 
be available. 

Heterogeneous EQO-Pu-fi Reactor Calculaticrrs: 
and Voids 

Statistical Weight of Frel 

A canparison of the calculated and experimentally critical number of 1.82 
w/o p~a-~l. rods in @O waa made in the monthly report for June. 
ing results concern those lattices which had an effective plutonium isotopic 
content of 5.63 w/o ~u-240~ 

Shown in Plgure 1 is the reactivity worth of a 1.6 unifcrm density decrease 
31' void formation in the moderator associated with any rod in the lat5ice 
for various lattice spacings. 
which are overmoderated; in the whole core for the larger lattice spacings, 
and always positive very near the reflector. Not included in this first 
order pertur5ation analysis is the effect of an altered neutron tempera- 
ture which is expected to contribute a nearly constant negative term to the 
value of the Integral of each distribution. 

The fcilow- 

The effect is generally positive in regicm 

Figure 2 gives the worth of a fie1 piece added at a periodic point in qv 
of the critical lattices at any radius. The strong effect of leakage 1s 

(8) Schlosser, J. E., "BARNS - A Program to Obtain Cross Sectioas from the 
RBU Basic Wbrary," HW-72117, December 27, 1961. 

(9) m-dde, R~ H. and J. Dyer, "TEMPEST - A Neutron Themizatim Cziiejt1 
NAA Program Description, September, 1960. 

(10) JO~OUS G. D.' and J. S. Dudek, "GAM-1 - A Cornistent P1 Multi-Sr3uy 
Code for the Calculation of Fast Neutron Spectra md Wti-GrTq (=om- 
tants," GA-1850, June 28, 1961. 

0 . 
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ixirm.t k the shape of each cuve and does cot reflect +,he cqetition 
'r?et;wnen thc,mal ctilization and fast leakage for the slaring &ow2 aerbr-ms 
&S in m.gue 1. 

C&cdLatiom were perfarmed w th the SWAP code ia the manner -;sed tc cal- 
%late PRTR vaid coefficients tu, . 

3r:-~~flr@ of portions of the CAU xwlti-graup cell biiup code has 3eg.z. 
Ti-% test cases wUch '386s only the main program ancP the Iir;nee-KEtta mmr- 
~:al ictegratfon routine, is a one-group analysis of a reactor coat- 
;ze I?.&. isotope and one fission product. 
~Lqie case, which can be solved analytically, will Rrrnish a check 02 the 
acxrscy of the numerical integration. 
2% &In&. 

Success-ez;l completion of 3x6 

No meani.i@U rescts lune yet. beel 

I'z CALX rmtfEes which cmpute the effects of fie1 recycle ead handle 
iY&'PT_Lsf-life reactivity edjutment axe stlll being cmed. 
T:-L-LLE~, wbieh is apparently ccPaplete, contains several features not 
ir,C-.med in MEL&AGER. The code assmes that, on reactor sblitdowzh the 

?,;,,-%issio~ prodwt mix is stored for some time before chdcal proces5- 
irge The recovery efficiency of the chemic&l processing is leatape- 
&&eDcients and may be zero. 
+,~t res-wrad materials and, uptionally, a feed materiel. 
t%3; 8" 

xxisilzation options will he able to -me the separated isatope &ure 
55 ozrichent, as ir. the use of plctonium recycle enrichment wit3 a 
zat-~al xraslium. feed. 

The recycle 

A new fuel-is&ope mix is CO&n&e& fiat 
This miar is 
Reactivity for aome rime before insertion into a reactor. 

T~X rA.tl-group fpux and reactivity cell analysis (program ANNE) gives 
reacr~~.~it.y 7~alces w$ich are in good agreement with canparable EFN resdfs. 
TLE iliries dc not agree very well. Several change&, which will give CAXX 
-&E mLt.i-@-wp theory analogs of sane MELEAGER optionsE hsve beer code&. 

TLeDreticsl work was cooapleted on the double mass parameter approach 33 
tk~e treatment of binding and molecular effects on thermal neutron scatter- 
irg. Different values of the mass parameters are used to force the RBU 
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Monte Carlo routine to generate different distributions having at any 
given energy the desired values for the average cosine of the scattering 
angle, z, and for the average energy transfer, E. 

The expected values generated by Monte Carlo for 
rived theoretically as functions of the mass parameters. 

p as generated by the Monte Carlo, integrals for the form, 

(t(x))dx, were encountered. Although first attempts to ev uate the 
integrals analytically proved unsuccessful, it was found that suitable 
transformations of this type of integral will yield the bivariate nGmd 
distribution function, which has been tabulated. 

Work has started on using kernel codes and experimental measurements tc 
obtain at a given energy the 
in question. 
theoretical expressions representing the Monte Carlo results to determine 
the mass pazameters which force the Monte Carlo to generate a 
corresponding to those of the actual moderator. 

Fast-Thenoal Reactor Complexes: "Fuel Re-Use" 

Magor portions of the work on "Fuel Re-Use" have been redone: using more 
realistic compositions and more detailed calculatioml procedures Some 
of the implicit assllmptions in the burnup calculations have been checked, 

Th the early fuel re-use calculations the fast reactor blanket loading 
was assumed to be pure U-238. 
U-235 has an important effect on the fuel economlcs. 
culations, the fast reactor blankets are loaded with depleted mt-ual 

Also, in the present calculations, the ffrst cycle plutonium canpositions 
have actually been obtained from machine burnup routines, while previwsly 
the Pu compositions were estimated by means cf simple recipes. 

In all fast reactor burnup calculations, the spectm averaged microscopic 
cross sections are obtained only for the initial condition. It is assumed 
that they remain substantially constant during siyptlp. 
now been checked. 

stages of burnup are listed. 
to be small enough to justify a constant cross sec+,ion burnup calculation. 
Such a procedure is very mch simpler and cheaper than a calculationl 
wherein cross sections are changed at each time step. 

and E have been de- 
In calculatiw 

e-x qf s2 - 

and E for the actual pbysical moderators 
These values will be cqared with the and E in the 

and E 

Subsequent analysis showed that the residud. 
In the present cal- 

~rd~ ( 0380 W/O U-235). 

This assumption has 
In the table below, absorption and fission cross sec- 

tions Of U-235, U-238, m-239, Pu-240, Pu-241, and Pu-242 at VarimS 

The variation cf these cross sections seems 

1230C;lb 
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Cross Sections as a Function of EKposure 

0 - 

3 *ill 
2.375 

0.405 
0.019 

2.853 
2 -116 

0.835 
0.167 

3.839 
3 8348 

0.164 
0 -832 

3.810 x 1s 

0.397 
0.020 

2.818 
2 .loo 

0.831 
0.178 

3 776 
3 -297 

0.828 
0 175 

2 0917 
2 285 

0.388 
0.023 

2.772 
2.080 

0 -826 
0 -194 

3 0691 
3 -230 

0.823 
0.191 

Critical Mass Calculations for Potassium-Cooled Cores 

Work OE physics statics calculations for compact space power units has been 
cmtfnced. The rubidium-cooled cores mentioned in the June monthly report 
ham now been re-examined, using potassium as the coolant. 
iin;Eted range of cores examined, the substitution of IC for rubidium does 
not. appear to affect. the reactivity to a large extent. 

For a very 

Possible modes of reactor control have been briefly examined. 
cores are small, very large reflector control margins seem achievable. 
"he possibility of reducing control requirements by introaucing R2-240 
a.?d B-10 is also being considered. 

Since the 

Instnunentation and -stems Studies 

Technical support continued regarding the fuel rupture monitoring and criti- 
cal facility work. 
rupture monitor testing and modification work was curtailed. 

Since PRTE was inoperative most of the month, the 
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The second generation scintillation transistcrized effluent monitor for 
gamma emitters for use at PRTR was completed kcluding the iaetUatioI: 
of developed adjustable electronic trip (alarm) circuits for both low and 
high level alarm purposes. The instrument is undergoing ccmplete labora- 
tory testing before Installation at PRTRo 
sat is f act ory . 
The &ended PRTR outage during the months of June and JI2J.y has resdted 
in a postponement of the scheduled systems tests (PRTR Tests No. 19 and 
35). Two memoranda were prepared (SRO 62-23 and 62-24) to describe the 
test apparatus and to analyze some preliminary test data. 
Fng of moderator level fluctuations was made on a two-channel strip re- 
corder, using both the servomanometer azld the "dip-tube" transmitters as 
signal insuts. The dip-tube transmitter output conteed an appracimately 
sinusoidal cmqcment with a dabant frequency of appraximately 9 to 11 
cycles per second. 
present, apprmimately one cycle per second, altholigh it was masked by the 
9 %o U cycle components. 
taiced a strong one cycle cmponent. Therefore., it appeus that there is 
a system resonance near one cycle per secd which is being excited by 
sane local disturbance, possibly the relatively small compressor pressure 
surges. 
bat it cauld be a function of the dip tube "bukb2.islg" rate. Tape record- 
ings of these signals will be obtained during the next reactor operating 
period. 
izfomation on the relative frequency content of the signals and will aid 
in determining their source. 

All tests, to date, have been 

A brief record- 

There also appearedtc be a lower freGency scanpcaent 

The servmanometer mtput sigmJ. defiaitely coa- 

The source of the 9 to 11 cycle per second signal. is not hmn 

Analysis of these recordings are qected ta yield accurate 

An electrical transducer was connected to the PRTR pressurizer level tram- 
mi+,ter output signal. for use in studying pressurizer level PluctLatlsns, 
Initial teste of a system for determining $he parer-delzsity syectm cf 
reactor noise by means of Farrier transformation have beexi cunpleted. 
final configuration produced chart recordings cf the spectrum directly, 
with power in db as ordinate and fresency along the absciasa an a 
logarithmically-cmpressed and indexed scale 
aboxt b db, Over frequencies extecdjsg frm 0.01 to 600 cycles Fer seeo3d. 
(These ranges can he extended as necessary.) 
per decade of frequency. 
-tude faster than the initial point-at-a-tke techniqce; in adbtisn? 
it requires little surveillance on the part of the operatcr. If prqerly 
applied, it is also more accurate. 
multi-chamel tape recorder, it can be programmed to autcmatically make 
multiple re-runs in order to provide added accuracy. 
might be programmed as needed. The SigmatrGn random signal. generatar was 
used to prcrv-lde *he system input, so the above tests served alsc to check 

The 

Available power rwe was 

Trace rate was ten lairutes 
This method of a3lalysis is perhaps an order of 

As the system is controlled by a 

Other insrruetions 
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the spectrum of this unit, which was purchhsed recently. 
range appeared to be very flat; the 10-cycle range evidenced a four db peak 
extending from 1.0 to 30 cycles. 
ent freqpency range of a3alysis. 
frm this set of tests will apply directly to a contemplated cross-spectral 
ashLyzer to be insea in determining the correlation between moderator-level 
~x power-level fluetaations at F'RTR. 
a ccmiaerable: number of dtipliers; Atrther studies wauld requlre we 
cf tine EASE analog computer. 

!&e 100-cycle 

The 1000-cycle range is beyond the pres- 
It is expected that inpormatiori gained 

As such, an aaalyzer wauid regpire 

The Critical Facility study is a hazards study designed to determine the 
melear accident potential of the reactor u6bg variaus types of fuel 
dements in the core. 
reactor iE in direct contact with the fuel, previous studies were made 
us- a greatly simplified heat trsnsfer model. 
a mch more elaborate mdel Including steam and void formstion in the 
mderator and the effect of moderator boiling at the surface of the f'uel 
dements. The design of the simulation has been campleted and the study 
is now i& progress on the analog cmputer. 

Since the moderator-coolant of the Critical Facility 

The Current study use8 

Ccilss ?or the Mark I1 probe for measuring the process-to-shroud txbe 
am12ti.s in the PRTFts were wound, balanced, and delivered to Structural 
Materials Operation; also, sane technical advice concerning the assembly 
&mi testing of the electrical connectim within the probe body was given. 

Meetugs with PRTR Operations and PRTR EquiIpnent Development personnel 
'Mere attended to discuss methods of measuring the frequency and amplitude 
of fuel assenibly vibrations, both in the pRTR and in the hat-loap mockup 
facility in the 314 milding. It is suspected thak same movement (vibra- 
tioL) of the =el element assemblies with respect to the process tubes is 
reaspmsible for at least part of the corrosior: marks which have been fad 
CMI. the inside walls of these tubes. 
being aesem31edl, and fsitial tests have sham. that this mation can be 
masued: q~te accurately using eddy current techniques. 
cf apprmimately one millivolt per .001 inch change in process-teeheath 
tzhe spacug were ac'hfe-red with very little effort. 
aspear that the maJor problems involved in obtu such a measurement 
will be encountered in materials selection (to withstand the extreme en- 
vircmeatal conditions) and In accessibility requirements. 
get,ione, will be coliducted in an effort to determine the most practical 
solution tc this difficult measurement problem. 

A bench mockup of this sitution is 

Sensitivities 

At this time it would 

-her investi- 



B- 29 

!The interim technical study report, titled Feasibility Study of In-Ccre 
Neutron Flux Monitoring with Regenerating Detectors, has been typed by 
Technical Publicatiogsp HLO, checked for errors) acd is presently being 
printed. 

The neutron flux monitor IBM cmputer program was revised to utilize 
more significant figures during the matrix inversion process and several 
calculatioaal options were added to provide a more useful and versatile 
program. 
optimal cangosition of a regenerating detector for mtubimum lifetime would 
reme negative quantities of certain isotopes, and since this is 
impcssibla to attain physically, It became necessary to modify or revise 
the computer program. 

It became apparent in several cases, however, that the true 

For testing purposes, a mass spectrameter can be used to determine the 
spectral parameters of the neutron flux in a tes* facility in which the 
regenerating detector elements are to be irradiated. 
ccmposition, as a function of exposureB is dependent on the cross section 
values of the included isotopes. 

me defector isotopic 

NOND~UCTIVE TESTING RESEARCH 

Rectrsanagnetic Testin$ 

The new graphical alternating current null- unit being developed for use 
with either conventional or multiparameter eddy current nondestructive 
testing equipment was incorporated in a tuba tester and laborat,ory tests 
confirm the anticipated high level of utility of the device. Ccsstructicsr 
of protatype multiparameter edw current testing equipment was startedp 
progressing cmcurrently with further design on the remaining circuits. 
Exploratory work was started in the use of a lcw melting temperature 
alloy, 65'~~ for eddy current model tests, in which movable intend. 
probes can be used in the liwd state for studying current and field 
distributions, a.ud in which fabricated defects can be readily inserted 
for tests is either liquid or solid states. 

The graphical ~Uulng device in its present state of development has a 
curvilinear geometry due to campromises made in its design in the hterest 
of simplicity in fabrication. 
nonlfnearities of the device was made, and correlation was observed be- 
tween test patterns and the results of the graphical analysis. 
of these nonlfearities, the unit works very well when operating with a 
tubing tester aperating at 500 kc. 

A graphical analysis of the mture 9f the 

In spite 

Plcrts of test cr~i.1 cutpxt ?roltage were 
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readily obtained for different test specimen conaitions, and the detectcr 
input of the tester was quickly aiijusted 'GO the desired operating poilzt. 
Sever& pcteEt,iaJ. pprgblm areas were z?xerveri inzluding. adjustment cf 
scale factor and phase of the nulling signall ani decrease ir: test. signal 

sensitivity due to shunting effects all of which will reqpire furt,ber 
at t er;t ion. 

The design work 0x1 the multi-frequency eddy currext test. ut is p3ceed- 
inq. Four L-C type oscillators have been constmcted for evaluasioa. 
These oscillators produce frequencies of 6 kc, 22 kc, 70 kc, and 200 kc. 
An -zltra-linear cathode follower has been constrdcted to add these signals 
together and produce a signal from a low mtput medance SCUC~. 

liminary checks indicate this signal source is operating properly. 
Be- 

Izi additioE to the above circuits, breadboard circuits of adder&) sign 
cna.ngersg and act,ive filter circuits have been evaluated. cbac3er- 
istics sf severd. commercial operatior. amplifiers have 3een Setermined 
in the laboratory. Some amplifiers will be ordered for we in the adder 
and sign changirg circuits. 

A lit,eratwe searck i& being conducted OP the diflsicr and propagat.io?l 
of edqv currents in conduct ors . 
A ~imple, direct way to fabricate a variety of discontimities in me?.al 
test specimens is desired to facilitate the demonstratior; azLi adjustment, 
of the multipwemeter eddy current test equipment and for studying *he 
diffusioE and distribution sf eddy currents. 
heeL used frJr eddy current mdels, but it has the disadvantage of being 
twic anxi having 1cw freezing temperature, -39OC. Initial tests show 
that Uoods alloy, which freezes at about TO%, may be useful for the 
above purposes. ?fnin pieces of insulating material can be frozen in the 
metal to produce a variety of simulated defects of knm size and shape. 
Test probes for measuring current density caa be used in the liquid metal 
and possibly 
formity of probe cmtact resistazce during cooling. 

In the past mercury has 

the solid metal, subject to determFnation of the mi- 

Zirconium mdride Detection 

Changes in indica+ed ultrasonic attenuation in Zircaloy-2* samples were 
observed during stress application, but were believed to be largely due 
to changes in the glycerine caupling film. 
more refined measurement.s is being designed. 

A sample holding jig to permit 

A thin film cf aycerine was used as a caplant in the stress dependent 
attenuation measurements. The 15 Mc quartz crystal Used ic. 
rnents was. mounted in a Jig which was clamped to the ssmple. 

these measure- 
Changes in tho 
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iLtrasonic attemation, observed durhg applization cf stressj were not. 
reproducible upon remaaring the sauxplt? frm the jig and rereoucting it. 
lack of reproducibility is believed due to the eff, act of Small differexes 

in thickness of the thin glycerine coupling film which changes during 
elastic straining of the sample surface. A longer ccupling path frm fhe 
crystal to the sample should reduce changes in appareat attenmticc which 
resdt fTom sm&U changes in sample surface curvature d~uring loading, De- 
sign of a sample holdirg jig to Urn water ccupling path lengths up to 16 
inches is cnder way. 
tory press, ahm that it will be necessary to agply stress to the samples 
through a aded push rod. 
sample holdfig jig to prevent rcrtation of the sample during loading. 
meters regpired to accurately position the transducer crystal with respec+, 
to the sample will also be bcorporated in the jig. 

This 

Tests with a mockup of the jig, uir& a small labora- 

The guides must be mmted rigidly on the 
Gonio- 

Heat Transfer Testing 

Fa electronic R-C analog sirmtlator has been fabricated for use in studying 
the effect of varying heat transfer test- conditions in alumixaUra clad 
ur&m fuel elements, and a ratio circuit for use i?.~ the przposed 
emissivity independent heat transfer tester has been developed. 

The analog sinulator UQWS determinatim of the effect of variaticns in 
bond conductances and other test conditA.ons. Transient f'uel elenmt temp- 
eratures which would result fram a give3 set of test con3itions may easily 
be recorded as voltages at various pcints in the sbLLator. The shrdator 
should aid in optimizrsle; test conditions for detectizg differences i?. ever- 
all bond conductance, It should also be useful in detePmFnirrg the minimum 
bond conductance differences that can be detected with the nm dual radio-, 
meter emissivity independent heat transfer tester now under development, 
Wniwun s-uface temperature differences that can 5e detectzed with the r-ew 
dud radiometers must be ham. before such a determinaticn can 5e made. 

It is necessary to continuously take the ratio of the two, 2 kc emriers 
from the dual radiometers ta obtain the emissivity irdiegendent temperature 
information. 
IaicJial t,ests showed that the ouzp7;t of the circuit was the ratlo cf +,he 
two carriers within about 2$ (at, a bandpass of one kc). 
circuit can be varied by a factor of two. 
uefU in eddy arrent3 and other nondestructive tests where It is sane- 
times necessary to find a ratio. 

A circcit which will accomplish this has Sees developed. 

Inputs ts the 
This circdt shovid also 5e 

. 
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USAEC-AECL COOPmATIVE PROGRAM 

Fx-destmctive Testing of Sheath TubL3g 

Ultrasonic response measurements were continued 03 evaluating drilled holes 
for use as bench-marks for production testing of sheath tubing. 
mcts sf ultrasonic response as a fmction of eatry angle were made with 
a 5 lacI flat reactadpitiS, lithium-sdfate fransducer oa tubix santaining 
ti 5 mil dimeter hole thrrxrgh the tube wall plv.ggeh with paraffin. 
respoase obtained correlated well with mode propagation at the theoreti- 
rally predictea angles. 

Measwe- 

Tne 

A Ember of tests were made for the evahatior; of production test ptxrameters. 

PGstaating Lamb-wave propagation for the testing of tnin-wUed tubingg 
sbpler 'behavior is realized by tie use of the lower mo6ee. To achieve 
lower modes:, for the wall thicknesses involved, will reqLire testing at 
5 Mc. Accordingly, tests were made using +,his frequency, reflecting ultra- 
scun3 fr5m both notches and holes. LrL all cases the theoretical behavior 
vas confirmed, indicating lower mode excitation is pra2tical. 

Hme-rier, e disturbing element in the use of the lower modes is the theorezi- 
eally praiiicted behavicr for response to depth of discmtincities. 
crzLations show the ultrasonic response to be doJble valued eSa pralimhu'y 
tests appear to CGnfiX'm this condition, 
as fknction cf notch depth were made at 5 Mc using a flat rect&zAar 
ii+hium-sulfate transducer. 
which the secozad and third Laxnb-wave modes would propagate. 
rary eJeperimental results indicate that the response amplitude bcreases 
ra-piiily, reaches a maxixm value, and aecreases slightly. In CorYhmtbn 
cf the predicted response, amplitude from a 17.5 mil notch was apprcxxfmately 
the same as frm a 3.5 mil deep notch. Dcruble vaiues woUd not, be srLwble- 

fine 3iscorLintlities. 

Cal- 

Measurements of ultzasotzic respome 

The measurements were made at entry angles at 
prslbi- 

if the ultrasonic test were restric+,ed to defection of only the very 

Trarisdwer staaies were made using a set of holes drilled in Zircaloy 
tzbing, to compare Liunb-wave sound fields in. tubing with the fields meas- 
med by reflections fram ball-bearings. The longitud-hid and transverse 
Lambwave test alignments were used to evaluate beam shapes of focused 
circl=rlar transducers, and flat rectangular and flat circular transducers 
cox-ered with rect-ar masks. For the transducers with rectangular beam 
shapes the twc alignments were used to evaluate the fields in the long and 
shcpt dimensions respectively. The focused transducers were adjusted with 
watsr-path distances equal to focal lengths. For the masked sransducers, 
the wa3er-path was made equal to the distance of the last near field peak 



in the short dimemion. 
hDles correlated well with the previms measurenents using ball-bearings 
which indicate6 that both methcds will prwfde suitable calibration of 
transducer beams. 

Instrumentation evaluation work this month Involved transmitted ultrasound 
freqpency and canparison of commercial dts. The frequency of alt;rasou. 
can vary considerably depending on transducer center frequency, type of 
pulseg and connecting cable ccmbinatiom used. 
frequency dependent and, for valid Interpretation af test aata trawdssion 
frequencies must be controllable. 
parallel with the transducer, trdtted frequencies were respectively 
lcwered or raised to desired values, 
by obserarfing the signal reflected from a P,at surface wizh a frequency 
calibrated oscilloscope connected in parallel with the inductance +,ram- 
ducer canbination. 
by mechanically adjusting the transducer with relaticn to the flat surface. 
The frequency of the reflected pulse was then observed durlng inductance 
%unhg adjustments. A fla5 reflection surface is not essential. However,, 
the signals reflected from curved surfaces hayo mcduLation components which 
make measurement of frequency difficult 
following this method of turring confirmed that the reflected signals had 
the center frequencies obser~ed with the calibrazed oscilloscope. 
ments of ultrasonic response as a function of entry angle were made wi%h 
two ultrasonic instruments representative of camraercially available units 
The measurements for the two instruments correlated fairly well in idicat- 
ing mode propagation at theoretically predicted angles 

Fundamental studies to make clear the physical picture of Lamb-wave prDpa- 
gation behavior continued. 
wave propagationg a Zircaloy plate was caused to vibrate in the third 
symmetrical and asymmetrical modes sin;ultaneauslyo 
served with the Schlieren system was found to haye an unbalanced pattern 
about the centerline. 
inforcemert can take place thrcugh +interference cf in-phase and mt-of- 
phase wave cuxpoaents. 
line, causing non-uniform particle vibrations, may give rise to a different 
detectim sensitivity for external surface tubing defects as compared 30 
internal surface defects, 
compared to intern& defects has beez? experimentally observed frequently 
with existing pulse-echo test equipment 
than one Lamb-mode is probable with this eqLipment since the transmitted 
pulses have a band of eeqpencies. 
ponse is desirable multi-mode propagation should very likely be avoided. 

The beam irregularities obtaizled with the drilled 

Ismb-wave testing is 

By txnbg with inductance in series or 

The proper freqpexy was determined 

The reflected signal was first maathalaect i=1 emplitude 

Frequency spectrum analysis 

Meas?;r+ 

To investigate the effects gf multiple Lamb- 

The end leakage ob- 

During multi-mode propagatioz cancellatim and re- 

The resulting Enbalance of waves about the cezlter- 

A difference in response to Wsernal defects 

Simultanems propagation cf more 

mere eq2d internal ad external res- 
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AtmrJspheric Physics 

Wf-site wzrk in the atmoqheric diffusion srogram at Vandecberg Air Force 
Base California, was c-leted. Twenty-eight field experime3ts were 
s~,:eesefiLly condwted in this last series9 giving a tot& of 108 experi- 
mmts at that site. A variety of meteorological conditions were embraced 
ty %he sxdies wnicn, also, Iccluded topOgr8phiC arid sea-land interactions. 
First use cf these data will be to provide the basis for cmputer controlled 
atnsspheric dispersion predictions for fuel handling and advanced missile 
firing6 frcm curet% metearological data. Assaying of all fiela sqles, 
wr?f.:?; Laggee the experinentd propam by three weeks, was cmpleted duing 
TLE math, an& editing of the data sheets started. 

meld. activl%ies in atmospheric dispersion and deposition studies at lian- 
fxd increased during the month with return of the on-site force to f’ull 
strerdh. 
m%nts 50 be condzcted dvring the night-time houx Over a period 9f two 
week. 
:2 the 19% Greea Glow data relating to enlssion dwation, travel time 
tc a givc’~ distace9 ad averaging time of meteorological parameters in 
relatux tc the dispersion parameters during stable atmospheric conditions. 
By llscsitr enas eight experimezts had been completed, of which f0-w i?icLuded 
sa~n,ling at eight miles’ distance frmthe ground level source. 

AS mced in previous repor%s, the rate of horizontal plume grmh ia the 
aietmce istemal *wc to eight miles was slower than expected and was 
Fa”tf&ll,v arkrikuted to the sharp change in elevarjion at a distance of 
5ii- nLes frm the source. Uter analyses of the wind selocity spectrum 
diirxs 3-e.Lected experiments shmed that such a plum growth could arise 
fnm a doxrlslsnt orie tc two-hour memder eddy when the release period was 
tk;ll“ty mimtes. Therefcre, the release period during the current, series 
cf ut?ermm.ts has ranged from one-half ta three and one-half hours 18 
&?_ effoz?; zc determine the me&er effect. addition, &LID samplers 
were zpr6ted at twc. ancl eight miles to obtain the time of arrival of the 
tracer niaterial anktbe time history of collectiori of the measured dosages. 

OIL July 22, field forces started on a special series of experi- 

These experiments were designed to clarify certsic features noted 

i 

Dcsimetry 

MeasuPement of the radioactivity in Alaskan Eskimos was continued. 
thx, thpee hundred people were counted at Barraw. 
fcmd were generally less than those found at Kotzebue. 
tJc a lower activity density in the meat available at Barrug. 

More 
The amounts of Cs-137 

This was related 
The eqpipment 

Anaktuwk Pass for f’urther studies. 
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A study was started of the use of pulse shape discrimination circuits, such 
as are used in neutron scintillation counters, for noise suppression in low- 
energy photon scintillation counters. Initial results were very promising, 

The positive ion Van de Graaf'f develaped excessive sparking awing the 
month. 
be damaged. 
these sections shorted out but then failed again. 
of the springs used to make slectrical contact with the accelerating tube 
had worked out of position and made contact wit3 the glass. 
the glass became very badly chipped which led to the failure. 
accelerating tube was prqtly obtained and installed. 
broken JS. 

be unsat isf act oxy. 

The helium ion source that we developed for the Vao de Graaff supplies 
enough. cmentp but too much of it is singly charged helium instead of 
the doubly cherrged helium that we need to use. 
desfgned, and is being fabricated that will elimigate most of the singly 
charged helium as it leaves the ion source. 

Arrangements were made with Mound Laboratory and Argome MationaJ Labma- 
tory for the loan of one of OUT precision low counters so that They can 
campare theirs with it. 

The measurement of near-background neutron fields at different Hanfcrd 
locations was cqleted. 

Imest'igations were made to see if a calorimeter calibration error similarr 
to that recently found in OUT plutonium calorimetry might have existed in 
any of our earlier work. The results showed an effect of a few tenths of 
a percent. This is much less than found in the piutoniun work, 
have an hportant effect OB our results. 

Two of the glass sections of the accelerating tube were fd to 
The accelerator operated satisfactorily for a few days with 

It was fuund that two 

AS a result 
A new 

It is now being 
It is not behaving as other tubes have and it may turn out to 

A device was conceived, 

It will ?lot 

RadLation Instrcments 

Tests were conducted an several of six prototype actmatic rechargfng 
dosimeters, fabricated off-site, for use in the pocket indicatmng and 
signalling dose meters. The general fabrication quality was not considered 
Mly acceptable and appropriate comments were conveyed to the manufacturer 
for incorporation on the remain- 44 units. 
failure, worked to an integrated dose of KO0 r. 
the fiber sticking tc the center rod after eacteasive cycling is still 
apparent and tests have shown the effect tc be, probably, caused Sy welDbg 
and general surface roughening. 

One dosimeter, tested ta 
The annoying problem cf 
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Cne dniature dose meter prototype was completed in essentlay final fom 
~XA a package which is easily inserted into a shirt pocket 
performed correctly for tests, incorporate6 the microminiature binary cir- 
crtits and indicating lights, and a selectable-level sigdUing (alarming) 

tri.F circdt. Initially, one of the off-site fabricated dosimeters, prev- 
iady untested, was hstalled; however, this particular one was deternrlned 
tjt ha~re a broken rod, A new "pencil" is being installed and the dose meter 
will then be ready for demonstration ad ,further Testing. 
mm-~ of *he indicating and signalling units will be fabricated and two of 
the in5.izating-oSlLy dose meters will also be assembled. 

This unit, which 

At least one 

Exp~;rfme9ts were started to develap a relatively insensitive pocket-type 
sigxidli~ dose aeter for integrated dose alarm levels of 25 r and greater. 
Witr the b-arledge gained Sy extensive work on the sensitive dose metere, 
the problems involved on such an insensitive scale are cplrparatively less 
difficilt. The insensitive uxlits will be especially applicable for plant 
disaster, criticality, and perhaps civil defezae needs. 

A U~al cctput transistorized pulse generator was developed and tested for 
LSE with the jus% ccxrpleted '(field mcdel" coinciaerk-count alpha continuous 
air norrit-or and with the prototype coincident-ca:t alpha air filter cmter 
wh:ch was developed to permit, rapid assessment alpha contnm?-rat.ion. 03 air 
Ifirers i3; use thrazghactt WO. The developed pase geaerator provides a 
ITLB~.L or izxLt,iaL False at one terminal followed by a delwed pZse at the 
tther. 
proper gate adjustment testing of the coincident-count, type alpha counters. 
Tests wLth the pulse generator were successful and the general operation 
of bith 3f the merimeatal alpha counters has been satisfactory for all 
id??ratory Testing completed. 

!The delay time is adjustable from 10 psec to 400 psec to peat 

A second 5ransfstorized pulse generator was Ceveloped which reqpires CG 

battery ar .U,5 VAC line power for operation. 
cjperating pmer frm the usual laboratory-type sincsoidd. oscillacl9r normaUy 
uea to vary %he pulse rate. 
cause pulse forriatiox. 

The unit derives its necessary 

The oscillator also supplies the trigger to 
A report was issued. 

A relatively sfnrple, yet. stable, fm to slx watts wtput audio alarming 
c1rcui.t ws aweloped and tested. The circitft uses a variable freqpency 
UriijlPliction transistor oscillator and two power transistors which drive dual 
LmiEpeakers. 
and e&?. be activated by either a switch or by relay contacts. It was devel- 
oped for useo in particular, with area-type radiation monitors to provide 
a suitable "local" dam, and it is especially valuable for high ambient 
~CLSF locations 

The alarm unit can be either battery or U5 VAC line powered 

," 
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General design was carrpleted on the Mark If Critical Radiation Monl3or for 
general HLO applications. The design supersedes the Mark I unit,of which 
some 15 are still in satisfactory we after about 2q years. 
sudio alarm circuit will be used to pravide low-level tyye local alarming 
where the monitor is so employed. 
use, the alarm used will be the HAP0 Stnnrlnrd which is a cycling IUaxon 
horn. 

The forestated 

For the critical radiation ("criticality") 

merhezrts continued with silicon solid state surface barrier alpha parti- 
cle detectors regarding their application as sensors for contiwaus alpk 
air mollrtaring. Atmospheric inversionso with consequent buildup of radon 
and thoron 011 the air filters, resulted Fn the obtu of data showin& 
the alpha pulse bight distribution of the radon and thoron. The expoeed 
filters were measured with the solid state detectors sad. the multichannel 
ana3yzer. The obtained data were ccaepared with the alBhpL energy spectrum 
fran Pu-239. With adequate sensor energy resolution and for low dust 
loading, which causes spectral amcaring and shif'ting, it appears that the 
application cad possibly provide an airborne alpha sensitivity cmpwable 
to that obtained with the dud. phototubs coincident-count alpha air munLtax, 
Several more extensive inversions must be awaited to obtain tha neceseary 
complete data. 

12 3OciC8 
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c-~rr.lploy elcet,rmic dc trip (alarm) ciPccits i~ place af the meter-relays 
GI=~@PIY used, 
>e reiiesigne3 and located ix ti tiiffereat locar,ioz? in the instrument. to 
prcwfde better canpensation at higher baekgmud levels. An electronic 

timer circcft was designed to replace the electro-mechanical timer which 
had beea wed in. the instrument. The chernge rakced the volme rewired 
anci the e~sz. 
frm one tc 60 S~ZGX~~E; the "normal." kard 
is ah:: 15 seconds. 

in addLt,ioap the gamma backgram3 detecting probe will 

The trwistcrized timer has an operating rmge adJusta3le 
shoe comting %he rewed 

Fstrication continu4 OH %ne instrumentation for use with the Portable Mast 
sf Atniospherfc P$ysics Operation. ALL circdtry desi-ed 4 faSricated to 
cia:. -%xis perfsmed ccrrectly and several cmplete3 portions are uidergoing 
cxxxzuc-is testing while fabricatLon mimes forward on the uther secticms. 
Con:Lderabif: fabrication and assembly work remaim to be done; however, a 

mjzrizy cf the design. effmt has beer. ccnrpleted. 

A special low mise lwel multiplier phototube was received for use in 
Investigations of" Low level liwd effluent beta and gemma counting. A 
trardiEscr emitter follower circuit was designed and fabricated for use 
V1-m the deTs?Tare 

A I.~-LcIBE IwelL, forzr stage, trcusistor pise preaqlifier was designed 
?E paper 8zlu partly fabricated for testing. 

Wmk was started a@a on the bO-cbannel analyzer for the positive ion 
accelera%c-. 
were c5talnea Sy bl-$3dw the 1CdLchaimei time-of-flight analyzer. 

Sme redesi@.ng is bekg doxe to hcorporate new ideas that 

Ar LrS'orad repcrt. VELE fssued describix the new manual keyboard entry for 
t.he FJIZalc, be Cat.Ltirzg Facilit;y. 

ISa*qEC kdJSi6 PI'D@'a 

Isc-opic ardyses were prwfded 
mcath us.izg tbe mass specArometer for this progran. 
nrariiun sanples 
atuxiz the prezisio9 and high sarapie sensitivity rcqulred for these samples. 

program sargles 86 received during the 
B additior, two 

were analyzeii for Ceramic Fuels Development in order to 

A series sf ax~Lyses OE uranium standard samples were perf'omed during the 
monk5 TC calibrate the present performasce of the spectruneter. The re- 
suts of tseae measuremerrts indi ated that a bias of -0.w f 0.35 exists 

the measwaent of a +35/+38 ratfc Fndependezt of the value of the 

,a 

? *A 

I 
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ratio, 
for a s-e analysis was determined to be f 1.4 percelzt of the ratio. 

-her work continued on the Use of a solid-state alpha-particle spcc- 
trameter system for routine assay of loaded sample filaments. The alpha- 
particle pulse-height spectnrm observed from loaded sample filaments has 
been found to be very poor. A significant contribution cf pulses presum- 
ably due to alpha particles degraded in energy is observed. 
for the apparent energy degradation has not bee2 determined at this time. 

The 95 percent confidence interrral on the measured isotopic ratio 

The reason 

TEST REACTClR OPERATIONS 

Operation of the PCTR was routine during JUy tilth- there was me 
u?.rscheduled shutdown. 
failure. 

The unscheduled shutdown resulted from electronic 

The experiment to determine the nuclearly safe conceatration of ure~url 
fluoride was canpleted. 

The experiment to measure the angular distribution of thew neutrons 
at a graphite cadmium interface was ccanpleted. 

The experiment to determine design criteria for the proposed RTLTR was 
started during the month. 

The following maintenance Item was ccanpleted during the month: 

The fabrication and installation of the metal fuel storage racks. 

The TllR was operated two times during the month to activate foils for 
calibration purposes e 

The first two zone experiment for 1.84 Pu-A1 fuel in a 0.85 inch lattice 
was ccPnpleted in the critical approach tank. 

CUSTOMER WORK 

Weather Forecasting and Meteorological Service 

Coxlsultation service was rendered on meteorological and climatological 
aspects of 1) distance criteria for industrial development in the vicinity 
of 300 Area to RPO, 2) radioactive carbon dioxide releases from reactors' 
sites to RPO for IPD, and 3) siting of off-site environmental monf$oriz,ng 
stations to WOO 
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bp~eorslsgfeal servicesp viz., weather forecasts, obsexTations, an5 c.1h.a.toi- 
93leal. services were pravided to plant operations and managenent persaxriel 
sn a rc:tfne basis. 

me cf Forecast Number Made $ Reliability 
y_ 

93 
62 
166 

88.6 
89 e6 
92.2 

T=aprat"ct-e,; dur- July averaged near normal. 
ci 7aseasmably cool tqeratures during the first 19 dayeJ followed 
ofie eot.imia.s heat wave during the remainder of the mmth. 
at. the 2nd came within me degree of equaling the all-time record lar for 
the norith. 
Say 3,f" hwst eqaaled the all-time record of 11 consecutive 100-degree 
Zays eshblished July 13-23, 1938. 

czdbzp pre:ipit,&tion durw July was a trace 03 the 4th. 

This average was the result 

"3; A lm of 

Maxima of 100 or abwe on the last 10 days of J'uly and first 

Lc+ 'T rmmt ac i on 

~,cs%aL.latior~ of all mechanical components of the Autaanstic Conveyor Type 
ALpns-Mta-Samm I&u3dry Monitor was ccxpleted. Both survey statioas are 

f6veraJ probes? the eqydpment performed properly. The control cooscle LE 

ir se~vice d one complete 24-h~ electronics test was made with EO false 
slant;-. Fcllm~ a&Jwtment of the station seweocing circuits an& drcrp 
E';arzozz: the cmplete system will be ready for a series of contk.uous 
:pF=--aTixiaL teste. 
P mp: Et e;, 0 

i L- r=+ ud..k5 aM Gperating. Except for minor repairs for light leaks in 

Tne instruction and maintemce manual hss bee- partly 

25ama%im and advice were rendered to b.strumenttechnicians at 100-E 
ARE rsgmding the cmwersion of their G.M. tube law-background cmting 
SV~~~SIL ~CJ c3e a detector with an. organic seir-tillator. 
k;,wc SCP*I carried mt this canversion with excellent results. 

Many HAP0 locations 

Ir-fcmatlon was rendered to Radiological Ehgineering, IPD, regarding the use 
sf ~iekel-cadmi-m batteries and a simple battery recharger for direct cse 
ir the IPD pencil dosimeter charger-reader. 

 EYE tramistorfzed scintillation beta-gamna air monitors, which me a 
filza t.ape cr~~.~port mechasm, were ccanpleted in o=r-site fabricatior for 

, '_ . 
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use In the RadlornetaJ.lUrgy Laboratory. 
tested, cslibrated, and are ready for delivery. 

All five units were impected, 

The caxpleted prototype coincident-count alpha air filter counter, for 
innnediate counting of sta.nd& HAP0 4 inch x 8 inch filters, operated 
correctly for the month. More than 100 filters fram the 308 Bullding 
were test-counted using a preset time of three minutes. All data plotted 
satisfactorily. In order to eliminate the necessity of hand-platthg, 
a method is being tried of using the preset count mode 03 the coincidence 
scaler and a fixed time internal for system control. 
successful, both very low-level and also high level contaminated filters 
@an be counted without resorting to hand-platting of data. This counter 
was develaped for Radiation Monitoring, RPOI 

If the method proves 

Fabrication, on-site, was completed on all electronics and on the detector 
head assembly for the continuous coincident-count alpha air monitor. Fol- 
lming initial circuit tests, the camplete instrument was placed in opera- 
tion for contiwous test-. 
design based on the originally-developed prototype e 

transistorized instrument was designed for Radiation Protection Operation. 

This unit is the "field model" with the 
The scintillation 

Instructions were given to Biology Operation personnel regarding general 
operation of the transistorized scintillation self-powered radiation moni- 
tor and analyzer which was developed for use in general field studies. 

A lead shield collimator was designed and fabricated for use with an integ- 
ral assembly scintillation probe for Biology Operation. In addition, a 
new transistorized pulse preamplifier was designed and installed In the 
probe to replace the unsatisfactory canrmercfal vacuum-tube preamplifier. 

Dfscussions were held with representatives of Instron wineering Corp. 
to plan the inclusion of shaft-position encoders in the tensile-strength 
testing machine which they are building for the Fuels DevelapmeDt Operatio& 
The encoders wfll prwide digitized stress-strain data for conversion to 
pwched paper tape readout. 

Components are being procured for a paper tape readout system for the new 
unilerwater fuel element measuring device. The system is similar to one 
previously developed for the 306 Building facility, 

Calibration of micro-displacement readout systems to be used by Physical 
Metallurgy Operation for in-reactor creep measurements has continued during 

July. To date, the basic calibration of the transducer system used In the 
third generation creep capsules is appraxlmately 65% completed. Since this 
readout system employs a transistorized dc-dc converter for emitatfor, and 

.. 
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demodulation, a series of tests to determine the effects of changing the 
ambient temperature of the dc-dc converter will be conducted. Andher 
series of tests is planned to determine whether or not the calibration 
constants vary as a mction of the zero control setting. 

Zener diode reference voltage packages were installed on each Protect+ 
Vane temperature limiter at 1OO-Kw in-reactor test facility. It will be 
recalled that because of extreme line voltage sensitivity in the upscale 
thermocouple burnout circuits of the Frotectq-Vanes, four capsules were 
dropped aut of operation in ~ay. 
packages seems to have solved the line voltage sensitivity problems, and 
for the first time the POV's are indicating the correct temperature. 
continued on the solid state scanner-programmer ad it is expected that a 
prototype micropositioner digital control system will be installed at 
100-Kw within a week. The Non-Wnear Systems digits voltmeter system to 
be used in the creep capsule data logging system arrived and has been 
installed at 1OO-KW. Until other portions of the data logging system are 
canpleted, the DVM will be used to manually read the variable permeance 
x-ducers in the creep capsule. 

The installation of the reference voltage 

Work 

During optimization of the temperature control systems for the swelling 
c8psul.e test, it was found that the open-loop transfer function of the 
system is nonlinear. There are three basic modes of reactor operation, 
each of which affects .the transfer f'unction of the capsule: 

1. Reactor dam, water pressure down - medium open loop gain. 

2. Reactor down, water pressure up - open loop gain high, closer 
to instability. 

3. Reactor up - open loop gain low, easy to control. 

Step response tests of the capsules with the reactor dm (water pressure 
up) and with the reactor up gave the following results: 

System Mo. Open Loop Gab 

Reactor Vp Reactor Dam, WP Q 
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mcnn +,?xse data,, it can be seen that the open loop gair of both systems 
dcubled between the two reactor modes. This indicates that .In crder to 
coztrol at an qtimum under dl reactix maies, ore of the elements of the 
opes loap transfer function must be made nonlinear to campensate for the 
nodlnearity cf the capsule. 
the static transfer fmction of the mag-amp, SR mit ir; such a way as to 
increase -,he gain at low power dennand and ciecrease the gain at high power 

A compromise, as is =3ow the condition at loO-Kw, wodd be to set 
the coEtroi system to an optimum Tmder the "worst" mode (reactor dam, 
water pressure up) and thus control with a slower response time under 
all other modes. 

This could be acccarrplis'ned by nonlicearizing 

A review was &e of the Minneapolis-HoneyweU. specifications for the 
data I~gghg system to be used in the sweliing capsule Pxperheata. 
Yedor appears to have taken several exceptions to G= specificatio3 
HW-73l.50. Our apprmal of the M-H system is be- wit&.Ld pea- 
clariffcatioz of these discrepancies. 

TLe 

optics 

A speJial microscope was assembled, tested, and dzlivered ta 
Radiation mtoratory. 
scratcnes and ,pomes ir: objects separated frm the ser 5y a ho& wall. 
It is seal& to preveat air flow C,hrocgh tke hod wall. 
of the width of grocnres and of the radlls of curvatare of the fm comers 
of the grome may also be made. 
mmsurenae%x is f 80 microinches. 
writtea to seme as a guide for the trse of the ixistrument. 

Laimezse 
The microscope is adapted fo measurkg Lypth cf 

Measv2a2zt.s 

The accuracy and repeatability of She 
k id~rmal. report, HW-74345, was 

1. 

2. 

3- 
4. 
5. 
6. 

7. 

Campletio-, of the fabrication and assembly of tne Groave Depth 
Microscape. 
Fabrication ad assembly of the electrical readox +,raversc 
meshanism. 
Fabrication of 50 vex wheels for Fm). 
Fa5rizatior. of 10 glass bearings for CPD. 
Repair of two camera sbitters. 
Fsbrisatfon of ccunponents for a microscope closed cirzuft TV 
system for Radiologizal DeTelopent and Calibratias OperatioiI. 
Rs@r c4 a crane periscope head for Redax. 

1. 



The usud sondestrctive aad supplementapy tests were emplayed i;l per- 
formug customer testing work. 
bra%ion testing and measurements. 
i~ems~ representing sane 62,695 feet of materid. 
was realized this month as work with tubular products increased. Work 

was done for twenty-two different HAP0 cclqF'3nents representing most of 
the operating departments and service organizations, and other AM: contract- 
CTF. 

and applications 

A new capability fs being developed fox vi- 
k total of 5.s?40 tests were made on 3>843 

~n iacrewed footage 

Advice was given on 49 different occasions on gelaerd testing theory 

kd3cipating the campleticm of the MpR pressure tube work and tc mafiat- 
a tcbe facility OL plant capable of handlfig all sizes; &si types of 
tubular capoaents, the Canmissioa agreed to atransfer of 
tube testiag and treatment ewpment to HLO. 
merit&. with. Kaiser Engheers will continue as in the past.? where the ewp- 
ment. an.5 facuitfes are available for NPR project work xi a priority basis. 
Savage MPR tcbe work remains to be dme on tcbes damaged upon installa- 
tim. 

progect 
For the present, arrange- 

A limited amat. of testing will be done on zirconfm tubes being procured 
for K reactcrs installatione 

ady currer;t testing, using an encircling coils of some 150,000 feet (over 
28 ~es) of sm~ diameter &conel instrume>t lead lines for E~PR was 
almost cqieted. preliminary results indicate a rejection of some 9 
may be aecessary depending upon burst test evaluations currently being 
&e, 

Zions iq that the larger indications burst at lower pressures, 
Burst test data tc date have correlated with eddy current mica- 

Damage was detected in the vaned flaw-straightening portion of the PRTR 
prFmary loop by radiography and was confirmed visually. 
disclosed minor discontinuities in the weld of a replacement sectia; 
howeverr the sectioa was installed with provisions for periodic testing. 

Ultrasoxiic test- 

P4ysi.ce.l Test- Operation was requested to attapt to radiograph a poten- 
tially defective area in a section of the primary loop of PR!FR contRinfnn 
flow straightening vanesa in. 

diameter with a 1-inch-thick well filled with heavy water. Using CJ0, 
satisfadory radiographs were obtained ladicatfig that a sizeable section 
(6'' x 15") of one straightening vane was missing. 

The section of line involved was 14 fnche 

Ox the basis of the above information, it was deciaed ta remove the damaged -. 

fft'tbg ad repair orreplace Et. Subsequmt c~t-out confirmed the radio- 

.' 
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gra2hic fidiss. 
acti7el.y hac section reyealed another vane contalnlng an 8-inch-iong crack. 

UItraRaz?ic testa of the 1ongitudIna;l fusion weld of a replacemeat pipe 
for pR! shared small (5-20 mil) discontinuities present 
cross-sectfmed at one end and the weld metallographically examined i.z 
ac attempt to ascertain the natilre of the discontlnulties. 
amaared tc be smud and free of discontinuities; unfortmately, on it^ this 
oze surface we available at the extreme end of the pipe &ad may not have 
5ees repre8entat;ive. 
ties, and frcmn experience with fatigue tests an the NPR prfmasy loop pipings 
?here discontinutties of this size do not appear to appreciabiy influexe 
or cause premature failure, installation of the new pipe section is pro- 
eeedhg. 
be periodically monitored in semice with ultrasound. 
 ha^ shm +,ha+, any grart,B of the discontinuities can be ultrasmically 
detected and observed as propagation occurs. 

Equipment has been procured and calibrated for use in measuring aribratimis 
fa the FBl?RO An attempt will be made to place the acceleraneters prior to 
PRTR stertup 50 thas the reactor can be monitored under operatiw cocdi- 
ti13;iS. 

EX+,rslm mark8 sccurring in the Imide surface cf eomector pipirg fGr 
NPR were evaluatd. 
w1-ch.I~ dfmemional tolerance for the pipe and cross-sectioning demonstrated 
that the &scon+,lrulties did not form a stress-rises notch. 
of the materlal was normal. 
effects of a protective coat- used during the fabricatior md pror-essfs?e 
sf NPR pipa. 
wGuld be detrimental during heat treatment. 
blast the inside s-arface of all the pipes. 
pipe IE questim, the inside surfaces were deliberately -.o2=tanilaated ad 
thei subJeck6 to a series of heat treatments representing at oze &reme 
rhe most severe case. 
habeas traverses 5aonstrated that h no case was a detrimental coditior 
e-countered. 
ieleted yith comiderable cost saving. 

In addition, a fluorescent penetrant test 03 the radio- 

The pipe vas 

The weid 

On the basis of the small size of the discaM.nUi- 

Prwisfons will be made so that the pipe sectioa h qyestix can 
Again, NPR e.qerie-,ee 

Depth measurements showed the dLscontlnuitfes to be 

GrairL structure 
A series of tests were made to evalaate the 

mer2 was some concern that residual amm-cs of the ccat4ing 
The altemtive was to sad- 

Vskg several pieces cf the 

Evaluation by metallographic examination and micro- 

On the basis of thia test, the sand blasting operation w&s 

&slog Comp-dter Facility Operation 

ma3or problems comidered during the month were: 

1. Reactor ,Trar!.sfer F”unction Studies 
2. Reactor Iastrumentation Study 



3o MPR Plant Simulator 
4. 
5. Pot Calciner 
6, PRP Critical Facility 

Radioactive Waste Disposal Heat Transfer 

A number of &og demonstration problems were ccpnpleted as follars: 

lo Equation of a Tibratlag string and its solution 01; the aaalog can- 
puter. lbe wave equation was used to derive the specific equation 
for the vibrating string. 
and the whole equation translated fntc an analog representation, 
A memoraadum wa& issued. 

Be boundary conditfocs were specified 

2. Asldlog simulation of capled differential eqwtion. In this parti- 
cular pr=iblem or3y one Initial. cozlditios was emplayed, which was 
a first derivative with time (velocity). 
by charging a capacitor to a specific pcrtential before computing 
stexted. Chaige ir: velocity and change in directlo3 did not change 
the basic results of the observed patterns. 
SfrmiLation, and the results were published in an SRO memorandum. 
This setup was demonstrated to EDPO people, 

This was accomplished 

The equation, the 

3. Simulatior; of cylindrical heat transfer with internal heat source 
on the andog ccpnputer. 
the heat or diffusion equation, the specific equations for the 
cylindrical coordinate system were developed. 
conditions and initial conditiom we stated. The equations 
for the &og cmputer are given and a 20-node analog representa- 
tion setup is derived. 
representation was not put on a cmputer, due to the fact that all 
ccarputers are in use at this the, 

Startfng with the most general case of 

The boundary 

An SRO memorsndum was issued. The Ssalog 

An anal~fcal solution of the aforementioned problem was obtained. 
One equation even was programmed for the 7090 ocpnputer. 
results will be used to check on the necessity to extend the outer 
radius to 1000 feet or beyond. 
the BesselAuaction, first kind, zero order ( Jo(x) ) were needed, 
a routine was written and checked out which does Msh the first 
40 roots to an accuracy of f 1 x 10-7. 
program is in progress. 

The 

In order to do this, the root of 

Checkout of the main 

4. Gain versus stability of a system, 
on some fiBdings using an analog computer on a system. having varlakle 
stability with gafi;, 
are introduced. Tlle influence of the initial. conditiong in this 

A memorandm Is being issued 

Amplitude limiting and de& zone features 
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case influence of a step function, on the stability is observed. 
It was found that amplitude limiting gives rise to an oscillation. 

Introduction of a dead zope requires the use of describing func- 
tions far interpret- the results since it is difficult to assess 
the over-all Eanplificatian factor of the dead zone when excursions 
occur which go beyond the dead zone. 

Instrument Errahation 

=ti& acceptasce tests were started on 21 of 65 total Model u: Scintran 
instruments fabricated in Seattle and ordered by Radiation Pratectioa 
Operation, 
boards, which was corrected by transistor replacement, the initial tests 
were satisfactory. 

Brcept for slim signal feedthrough on a few audio circuit 

Two scintillation transistorized alpha hand counters, fabricated on-site, 
are being thoroughly tested before delivery to the field for general we. 
A number of wiring errors have had to be corrected and an incorrect lay- 
cut procedure caused picllpl-p noise to be generated in the circuits for the 
externaJ. clothing-checking probes. 
resolved, 
the maintenance, will be thoroughly instructed before the instruments are 
delivered, 

A few minor troubles remain to be 
The particular field technicians, who will be responsible far 

Tests contfirred on a logarithmLC and multi-decade linear response scbtilla- 
tion transistorized area monitor slated for use in the 326 Building. As 
with the foregoing alpha hand counters, a more judicious layout and fabri- 
cation procedure would have provided a far more satisfactory instrument. 
Following correction of errors, recorded operation for the last two weeks 
has been satisfactory on both the logarithmic and linear scales. 

Suggested changes were made on the prizrts for the standard HAPO "C-P" 
dose-rate portable Instrument since Rw intends to purchase about 150 
units to be off-site fabricated. 
to provide at least one ccmpletely satisfactory prototype before fabricat- 
ing the rest. 

The successful bidder will be rewed 

Thirty transistorized portable B 

factory on the instrument. It is planned to employ a small canaercial 

present 10-inch standard HAPO Bq tubes. This will prwide a far more 
acceptable range of operation for general field use. The instruments, 
however, are designed to work correctly with either detector and with 

tube instruments for neutron monitoring 
were received fran an off-site f 2 ricator. Initial testing has been satis- 

tube, which will have about one-thirtieth the sensitivity of the 
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s c iat illat ion 

One.pratotype 

neutron detectors if so desired. 

transistorized scizrtillation portable alpha "poppy" instru- 
ment, which successfully completed all tests in June, was used for the 
preparatfosl of as-built tracings following the caarpletion of a layout 
satisfactory for easy maintenance. 

Fleld tests have been satisfactory on the prototype transistorized modular 
"plug-la" gated oscillator loudspeaker circuit for use with most present 
HAP0 portable radiation detection instruments of the count-rate type. The 
unit, which plugs directly into the earphone jack, eliminates the necessity 
of us- earphones during luw-level monitoring. 
beela @te enthusiastic regarding the unit and three more are being fabri- 
cated for general testing and useo 

Complete evalrration testing was started on a commercial (Nuclear Measure- 
ments Corporation Model GA-ZA) logarithmic response area and/or critical 
radiation monitor at the request of !Paperature, line voltage, and 
some constant-source level operation tests have been conducted to date 
on the scintillation vacuum-tubed inst&nt uith the results, in general, 
reasonably satisfactory. 
ence, reccwery after exposure to high dose-rates &/or integrated doses, 
recorded running tests at var9ous dose-rate levels, and examination of 
fail-safe features 

All users, to date, have 

Future tests will include gamma energy depend- 

Msnager 
PHYSICS AND mSTRUME3lT RESEARCH 

AND DEVELOPMEIQT 
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CHEMICAL RESEARCH AND DEVELOPHEMT OPERATIOX 

RESEARCH AND ENGINEERING 

m-74522 

FISSIONABLE MA'ERLALS - 02 PROGRAM 

IRRADIATION PROCESSES 

Environmental Studies 

Following the recent simultaneous shutdokn cf ap1 reactcrs and 
the subsequent start-up of C reactor, it, was possible to measure 
the flow times to Pasco of the radionucli3es by frequent saspling 
or mnitoring as the radionuclide concentbration decreased aad 
later increased. 
longer than the flow times estimated from float studies. Further 
studies at the lower flow rates used in our depletioo studies 
are needed to evaluate the effect this chge of variable will 
have on the depletion values calculated using float study flow 
ra+,cs. 

The two values obtained were 15 md 20 percent 

Reactor Effluent Water Radioisotope Studies - Silicate Addition 

Additiqn of silicate to a tube in KE Reactor was increased from 
10 ppm to 20 ppm (as silicon) on June 24, 1962, and contiaued for 
two weeks at a pH of 7. 
did not effect the expected improved reduc+uion in the najor 
radioisotopes released in reactor effluent water. In comparison 
with a control tube without added silicate, the P-32, As-76 ant! 
Np-239 were reduced by average factors of 2, 3 ad 3.5, respeet- 
ively, although for shorter periods reductions of 3, 5 and 8 
were obtaired. Comparable reductions obtaireC with 10 ppn 
silicate (as Si) were abut 2, 2.5 snd 2.5, Addition to the 
20 ppm level alsc reduced the efnuellt wa+,er corcentrations of 
Cu-64 by a factor of 2> h-56 and Cr-51 by a fsc+,cr of 1.5. 
Na-24 increased 5y a factor of 3. The redcetions of P-32 End 
As-76 are coraiderably less than those obtained :a laborrtory 
tests where reductions of the order cf a factor of 10 were 
obtained, 5ut this difference cannct be explained st presect. 
The pH at which these tests are colzdxted seems 5: hwe a marked 
effect and this wiil be s%udied in further tests. 

This higher coccentration of silicate 

"he 
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GrGUa W6%2 Teapratu-re Studies 

Tiw tenperatur-e of the pond water in the regios betxeen the 190-D 
Ares as? the I9S-X Area is several &egrees centigrade &me normal. 
TDE tezpe.-rsC,ce pat'i;eArn suggests that the source af tLfs thermally 
kct vate.r is fron the 13C)-D retent'oa basin. In me wsli., located 
oae-hlf" &le ncr-thwest cf the 100-D Area, the htempr8t'Jre of the 
graze wst.er at. the water table was 46 Co This new b2,a strongly 
sapparts tie generalized gro;mC water contom mttern which has 
been &am for ~$15 region based oxi a lhitei? nuber of obsemtion 
wells. 

The rm3xf.~~n: temperatme of the Yakims River reached 26 C during 
Jay. This shwp rise in river textprature, from 8 recorded 17 C 
in Jme, vas refleet& in 5zveral wells boca%ed nartl?. ad east of 
the river in. the vfcin,:ty ~f 20~- Rapids. Fro= s st~dy of the 
gro-md v;~+,er t~~perst~~e~: is this region it my be possible to 
delineate i'?e aSpmxb.a%e ares. of rechrgs of" tke Yslriza River. 



Ef?luent Monitoring 

An atteIcpt is being made to decrease the amur& cf interference 
enccuntered in the AS-76 monitor by applicatioc of a scbtraction 
correction to the arsenic count. 
the iodine isotopes present in the energy spectrum of 0.7 to 1.1 
Mev. 
of the ratio of the various iodine isotopes ts each other duricg 
equilibrium conditions of reactor operation. 

An iodine isotope monitor was assembled and is beirrg tested at 
146-FR. 
from the 107-P Basin effluent is accomp'lishec. in a cell with 
pretrea%ment and mechaaical nixing. The esr'con tetrachloride 
extractant stream flows into a counting zeil where the iodine 
isotopes are measured by use of a gemma ray spectroneter. Clean 
separation of iodine with no interference from other isotopes is 
the main advantage of this system. 
cons+at flows through the cell and consumptLon of pretreatment 
chemicals as well as zarbon tetracuorfde are disadvantages of 
the system. 

Uranium Oxidation and Fission Product Volatilization Studies 

A fopical report, EW-72321, "Fission Product Release fro= Uranium - 
Effect of' Irradiation Level," by R,K. Hiliiard and DOL. Reid, 
dated June 20, 1962, was published. 

me correc3ion is based upon 

The success of this technique will depend upon the constancy 

A continuous carbon tetrachloride extraction of iodine 

Difficulty is maintaining 

Efficiency of Charcoal in Reactor Confinement Baloger Trap 

Iodine-13i adso=ption efficiencies of lnstaU& raaztor confiae- 
=en+, ckarcoal and fresh chaxosl were interampred. Fresh 
charcoal was about 2 percent more efficient than similar charzaai 
which had been held in the 105-F ventilation air stretin: sixe the 
reec+ar confinement ins+&ation was complete&. 
Is not consiCered important in the appli,l=a%ion; it fight, we22 
reflect vsria3ility in ckarcoal efficiencies ra%hher than ;ndicate 
deterioratirg 1-131 removal effieiemy with expcaur? to the air 
stream. 

T2is dfffereslse 

SEPARATIONS PROCESSES 

Pupex Precess 

RecelztLy Furex process equipneat was mdified to pard.% EL~EL~E~ 
permngwte washing of +,he second cycle solvent. Abcst 
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F:."hc testa are b=hg made tc mre positively identify fusctiosal 
grmps pres5nt in theee ampies. Bssed 03 fie preseat. evidence, 
one nt@% teststively ccnc1uae: 

I' 
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3. the ion excbge beds are contributicg izew impuritie5, acd/or 

4. a source of organic and inorganic impurP2ies PX~B%S &WE- 

stream from the beds. 

Solid State Electromigration 

In prelimfnary experiaents using Fe-59 md Zn-65 traced &dzlup, 

no migration of the trac r elements was observed with current 
densities of 8300 -/in (potentie gradient of abaat 0.03 v/inch). 
Since work at the Albany Station of the Bureau of Mines has shorn 
the exfstmceaf a voltage threshold ia the dgratisn process, equip- 
ment and Icei;hods are being deveioped to perzit m25 Ligker mlfages.' 
Preliminary experimerzta ir? which tie specinen is eocied 3y 
immersioz in a molten alkali chloride have Fed%ted cwrerh 
decsities of 30,000 -/in2 and gradierzfs of 0.25 %-/in. 
technique should also Frovide better pro+,ec+,ioc against corroaiolz 
and permit a study of electromigratfon over a meh broader raogo 
of process parameters. 

!5 

Efs 

Eiectrochemistry of Plutonium in Molten Chloride Sa+* Solut.iona 

Equfli3rfum of liquid plutonium me3d wi5k j5 I~//c KX=1-E&1, + 
55 m/c KCP, wEch serves as the sclvent in the preseat stugies of 
the ePectrowinning of plutoniurc, indicated %ha+, tine me*& was 
soluble to a slight eeent. The addi5foc of Puel, I- 0.3 mlal) 
to the melt caused the solubility of the me*& tcJiEcrease by 8 

faztor of about 1.6. 
waves observed in the E-I curves of the ayslec: Pc(M)/S~C~~-KC~. 

Eleefrowiming runs using a mlten pl-utozlium =tal pol 88 tke 
cathode with cons+at po%entials of 2.05 v ami of 3.0 s (-7s. AdAg1 
reference ) were unsuecessf~~. in o3taizirzg siaificat e.murzts Qr 
plutonium. 
were used in order to cbtain high currmt $ensi%fes (XI mperes/ 

These resdts may explain the anc~salous 

This was likewise the case vhen tugstan roC cs"uhAes 

c2). 

The mlt ir! %he last run, except fx a ttia lwer aimg tie ~CX~SDI 

of the cell, appeared to be devoid 3f" PuC23, 
bottom lsyer, vhich was deep blue-green iz ~3331"~ 'bias iasol.dbie 
frt nol+Yen Bac12-KlcI, and this precipitate, bakg maXe to can+act 
+de cathode, could not be reduced to the m+&. 

App=zrztl;r f5.e 

In aa attempt to define and elillzisate tke operstinq diffizL$ies 
tkat are beizg experiecced wftn the phct derA$rsfioo mi%> an 

. -- 
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qproximtely l/lO-ec&lep glass model of the unit bas been 3uiLt. 
T2e glass uz;:t emsists of a 9-foot high, 6-inch I.D. reactor pot 
6.u-ixmted 'cy a 9.5-iooS high, 4-inch I.D. toirer. A &-foot section 
3: ske t.awer, Beginning 2-ft. 8-inches above the reactor pot, ie 
pcket2 with 112-inch porcelain Intalo@ saddles to provide intimate 
cos+&ct ketxeen the gases from the pot and the 1WW feed which 
enters six inches above the packing. 
enter& the reactor pt in the vapor sp&ce abve the liquiti. 

IC gezael-al, the mit operated smothly and the reaction was easily 
ccnl',roLleC e 

reqGirezai%s and st 1W to HAP flow rsti~s of 0.1 w@re eqlored 
with formsidehfle t,~ 1WW flow rstics &zarigfng from 0.Ci to OeEe 
kt s2.L rates investigated the pressure Crop across the tower was 
~ESS 

re:set.crr pt was about 1/2-Fnch thick. me nomi?lal irree aci6 as& 
totd 2itrst.e rcnceztrations in the simulated 1WW feed were 5.1 - M 

In each run the fo=liaalaehyde 

~as%e ( ~WW 1 flow rates e quivden+Y t2 Pzex capcity 

one irc3 of water and the foam layer on the liquid in the 

1.24 N, - respectively. Piltratior of the 1WW feed &id not 
t3 decrease foaming or affect the operation of the unit. 

PFO&d3Cy P0n.E 

EvsluebLicsn af Epthe),fe rrlumino-silicate zeolite materials continued 
with a tmblhg attrition test of Linde 4A and m,. 4 x 8 mesh beads. 
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Bo significant difference was observed betwee3 4AX3 (G.8 percent 
fines 1 asd ;Cn (0.7 percent fines ) despi%e previous Infomtior. 
that bAXH wodd be more attritioa zesfstaas. la general, bead 

form materials are three- to five-io18 mze ES~S~~XI~ tc iattritioc 
than pelletized materials. 

Glass-like 30lidS are produced when the Lbde Comply higb-cawcity 
qnthetic Zeolib 13 is fused via 8 nfY5.Ee of SiO2, 

percent B203 - 25 percent LiF 3y weiat fuse8 a% a temperakre 3ear 
800 C. 
that or the zeolite only fn pellet ion,. 
from zeolite loaded with cesium t-xced vitn Cs-137 are behg pre- 
pared for leaching studies. 

A mixture rontahlsg 50 percetlt zeolite - 12.5 pmzent 

After: solidification, the solid volume WPLS abt ozse-%%rd 
Simi2.a~ glasses prepred 

Iodine-13 in Airbone BffPerts 

A charcoal bed through which had passed Redox stack gas W8i8 
e-ned for I-LU througbout the depth of bed. 
components were identified. 
iency of 92 pereect OE an 1-1/2 inch bed, de up 98 percent of 
the enter3aq 1-13. A second component represPaLe3 2 perr=enk of 
the entering 1-131 and was only 7 percent dsorke9. This result 
supports and partiUy explains the early cox'iusfsn tkat 1-13. 
appearing Ln the a+&ck exhaust Is not as 5iZ:ciestLy adsorb22 OB 
charcoal a8 is laboratory-generated 1-131. 

!Ewo separate 1-13 
One componentp &aorbed w5tk 19z? effic- 

. 
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extraction of cesium by nitrobenzene. 
for the nitrobenzene system has a positive depenaence cn nitric 
acid concentration whereas that for the diFizrylamiae-nitrobenzene 
system has an inverse dependence. Thus, at an aqueous nitr2c acid 
concentration of 1.25 - 1.5 molar, extraction by dipicr;rlWne is 
essentially suppressed and extraction by nitrobenzene becomes the 
predominant process. 

Scouting experiments were performed 50 investigate eesfurr extrsction 
into nitrobenzene from nitrate salts, !Che results from CaiN03),, 
U(l0 arid Lao3 inacated lower distribution ratios than from 
nitrig acid. 
ability of sodiump rubidium and cesium 5y dfpierylamiae in nitru- 
benzene from lithiwn !qdroXide sobtione. 

The dfatributian coefficient 

Experiments are in progress to 2etemine the extract- 

Assistance to Purex Plant Head-Ea2 Fission Product Recovely 

Tracer level investigation of the complexislg of %e rare earths Sy 
radiolytic and peroxide decomposition producss of tarcarte acid 
during the precipitation of strontium and lead sulfates was cx- 
timed. The addition of either dil?yd-oxymaleiz acid or tartronir 
acid after pH adgustnent gave an incressed 8ohub:lization of 
cerium but no effect on strontium. The sdCftion of 13 grams per 
liter of either reagent increased +,he ceriun content of the supr- 
mte from 3 to 20 percen+,. The use of 75 gram of tazrtar'c acid 
pius 100 ml of 30 percent hydrogen pergxide per liter of feed 
caused 70 percent of the cerium to go into solEtfon. This indi- 
cates that much of the tartrate is probably converted to the 
"active" complexant in the tartrate-peroxide system, and %Le 
sddLtion of adt3ftional amounts of the sgeeliic ecizple-xan5 is zot 
ecciol;icaUy feasibl?. 

toward the use of %he "pure" complexacts, 'cut $be m:zr zffoe wiJl 
be cectered cn the +strate-peroxide systerc. 

Some additional work will kz Zire:+ueO 

Tracer level eqrimects were performed to de+,er%iae the effect of 
the addition of various mounts of +,artrate oa the amuL ci 
precipitate obtained during the sulfate prezipi'tatico iron 1W or 
PTW at pH 1.5 and 2.3. At 1.5, the ammt of praclpitate 
obtained Fr. tbe absence of tartratz or witZ sU additfora ci 
ktrale was small in every -,esse, %ut tke addition of 0.25 tc 
0.50 mles of tartrate per liter of feed (1WW contaiafng 0.5 M 
Fe or FTW containing 0.67 M Pe) resdted in gross quantities zf 
precipitate. 
precipitates under sny of these c&ditiocs. At pH 2, the volm 
of' precipitate varied Irm 25 volwe peeen", in +,he absence of 
tartrate, +,$rmgh Little or no precipitazz at 0.1 to 0.2 mles of 

F!lW containizg 0.5 M Pe aid no$ yfsld excessive 
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tartrate per literp t3 s mare voldnous prec?pi+&te at G.3 to 0.8 
mles ~f tartrate pey lizer. 
decreased tc z&rc vhen over 1 mule of krtrate WaE me&, 
Pzex Uses at.;ut G.8 mles of tartrate per liter of feed. 
reduction in %.is munt vould be expected to yield e ~POSS >re- 
cfpitate, while & reductio3 by a faztor of 
oSy the normil suLfar;s precipitate, 
Cell ic &,he aear fcture. 
cFpf5sLe is tkiz iron sulfate or hyd-oxide precZpi+ater in tize 
abseLze of tartrate, md tartrate camplexaag of 5% fro2 prevents 
this precipitation. 
result k w fro3 tartrate precipitate which redFsecl-Tes iz az~ 
excess of t&rtrafe. 

Tne volume of precipita-;% thea 
At present, 

A slight 

4 should yiele 
This will ?x? checkel in B 

The present izterpretstior ~f" tae pre- 

Hawwer, certah iroz tc tsrt=.aJ,e r-atcos 

A Ccmmieoz cf Fission Proauct Heat Swzces 

Or tk2 bas2.s of skielding rsqufrements, strontium azld cesfan are 
equ2vden-b to esck other and to one year old pFomethPm. 
prczwt.&:uz is aged 3 yews or more, ~m-148 does not control and 
o?dy 6 very small amout of shieiding is required. 
est:ng fluit for Pn-147 the hest shielZ is 8 mixtre of lead a08 
huigeter; because an appreciable -utD of radiation passes thmugh 
lead teCFzd the K abso-Pption edge while tungstec still fiss a high 
a3sorptian coefficle-t in %his region. 

When 

It is inter- 



Acid Destruction in 1WW 

Work has been initiated to determine the rate of hydrogen ion 
destruction by the addition of organic acids or salts to nitric 
wid in a radiation field. Prelimincy results have been abtalned 
for the destruction of nitric acid in solutions of sucrose, acetic, 
citric and oxalic acids. 
acid in a synthetic 1WW solution can be destroyed at anibient 
temperatuzes over a period of a few weeks by the addition of 
sucrose without radiation. 
ficial. 
being examined. 

Recovery cf Bp and Pu from -ex 1WW and PW Solutims 

Batch coctact extractions of Purex Plant 1WW solution with DaHPA- 
Soitrol solvent were made to test flowsheets for tfie recovery of 
plutonium and neptunium from the waste. Abou% eighty percent of 
+he plutonium present was extracted when tke lWW, as received, 
was contacted with solvent under conditions wherein plutonium 
extraction was greater than 95 percent from si3lrlated 1WW spiked 
with PJ(IV). 
plutoniu io plant 1WW is present as Pu( IV> . 
present to tke extractable Np(IV) state the plant ZWW was made 0.2 
M - in hydrazine and allowed to stand 30 pinutes at 25 C before 
coctact with solvent. 
present was extracted as compsred to 97 percent wher, siear pro- 
cedures were applieC to synthetic 1W spiked with N?(V). 
Apparently more severe reducing conditions wf3i be requfrec? to 
ass’;Lz‘e rehction of neptunium in plant iW. Other experimeats 
with the plant 1WW shove6 that Zr-Nb decontdnation in She 
extractim step is increased from 8 to about 73 f, the mste is 

made 0.01 M in EM% prior to extraction; plutonium extraczicn is 
not inpair<d 

Experiments to develop R flowsheet for co-extraction of nepbaiun 
and plutoaium from Purex P~ant BTW (1365 comsitiocj were prods- 
iag. 
contacted with 0.1 volume of D2EBPA-Soltroi sol-seat. 
Still in zac%act with the solvent, the aqueous pkase vas treated 
with hydrazine and ferrous sulfamte ruld the Ydo phases were 
mixed again, 
aqueous gnase was made 0~05 M - in hydrazine aGi ferrous sdfamta 
Between the two contactings, tfie find organic corz-iced 98 per- 
cent of the slutonium and 97 percent of tie neptmium izlltfally 
present Zn the aqueous. 

These results indicate that the nitric 

An increase in tempera-ture is bene- 
The benefits of sucrose as opposed to fo&dohYde are 

This suggests the mssibility that aot all of the 

To Feduce aeptmium 

Eighty-three percent of -the neptuaium 

In these, synthetic P‘IIW spiked wi5h Np(V) aad Pu(N) was 

%;le 

When the solvent contained 0.i 61 D2EEPA ad the 
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was higher a'; 60 C than at 25 C. 
chromium decreased with increasing temper8tUY - probably due t3 
increased loading of the solvent with iron. Furthe=. temperature 
effect studies will include extraction rate &terminations to 
evaluate desirability of operating the extraction column at 
elevated temperature. 

Extraction of strontium and 

The Centrifugation of Cesium 12-lrungstophosphate 

The precipitation and centrifugation of cesiuin 12-+ags*k)phosphate 
from dilate and four-fold concentrated, simulated PTW were studied 
i=1 two pilot plant runs. 
of the cesium occwred with a 50 percent excess of 12-tungsto- 
phosphoric acid over that needed to fom the dicesium salt and 
with me hour agitation at 25 C. 

Centrifuge efficiencies in the continuous, 25-inch, baffled, solid 
bowi centrifuge were nearly independent of holdup tine in the 
range 3.2 to 10.6 minutes. At 340 G's the centrif'uge efficiencies 
were 73 and 81 percent for the dilute spd concentrated FW, 
respectlvely, for tkese feeds. Uthough the cake was zeadily 
slurried from the centrifuge, a film of precipitate tended to 
adhere to the centrifuge internals. 

Essentially quantitative precipitation 

Recovery of Cesium from Purex Waste by Ion Exchange 

!?he ability of sulfonated phenol type resin Ihmlite C-3 to remcve 
ces'un fro= a simulated Purex 10% tank supernate con+Aining 5 x 
lo-' M cesium was confirmed. 
of cezium occurred at 8.3and21.7 bed volunes, respectively, in 8s 

4-inch diameter resin bed 119 inches long. 
room teqerature with an average ilDw rate of 9c.9 gd/hr/sq.ft. 
TDe performance compa;-es favorably with a previously repr+,ed run 
made witc a 33-inch bed (HW-74153 C). 

Five and 50 percent Sreakthrou&s 

The run was made at 

A 2.5 M ammonium sulfate solution effectitrely removed cesium a+ 
room t&rperature from a 33-inch bed which had been loaded to 1OC 
Srcent Sreakthrmgh. 
removed in six bed volumes at an average COW rate of 49.7 

More than 90 percent of the cesiuniwas 

gd/k;-/s q. f t . 
Solvent Extraction Recovery of Cesium 

Miniature-pulse-cclumn studies tested s+,ripping of cesium from 
0.01 M 3PA - 50 perceat nitrobenzene - 50 percent Tetralfa solutioce 
This zrganic was produced in earlier runs testing extractioc cf 
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XU-73998, "Survey of Effects of Rrrdistlon 02 Shielding WfeWgs," 
was issue8. This 6ocu?Eernt reviewed the dielectzie discharge pheno- 
mna a& ~eczmnerads that windows be operated st &Uy elevated 
tenpezakres (1.30 P> and be designed so that thick glass panes 
&re ~Laceii is the low dase rste zone of the winbw. !Chin panes 
GS Less mkJec% tc dieieetric chsrging tmd ea .be.*wed on the radio- 
active si& cf "Ye window. Further infornastio3*+ being obtahed. 



Remote Welding 

EU-73933, "Remote Welding Closure for Waste and Fission Product 
Containers - Interim Report," was issued. 

Stress Cracking in Mild Steel 

Eight large (3 it. x 3 it. x 3/8 in.) weldments were prepred 
from 1020 mild steel plate. 
cent sodium nitrate and part to simulated, neutralized Purex FTW 
was started. 
butted to about 6 M nitrate. The primary variable in the fabri- 
cation of the weldkts was in the weld metal used, 
included 6010, 6016 and Inconel182. In one set of weldments, a 
95 Cd-5 Ag rod was welded to the plates parallel to the weld seams 
to provide cathodic protection, 

Corrosion Samples from Purex 101-A Tank 

Ultrasonic cleaning and identification of all samples from a set 
of corrosion samples recently removed from the Purex 101-A waste 
storage tank has been completed. Preliminary calculations based 
on total weight loss indicate an average corrosion rate of about 
0.1 mil/yr. 
should be completed within the next month. 

Exposure of part of these to 50 per- 

After two mnths of exposure, the P'IW will be 

These 

Pit depth measuremnts and microscopic examination 

Pailed Redox Demineralized Water Heat Exchanger 

Huey tests coupled with visual and microscopic examination indicate 
that the corrosion failure of a heat exchanger in a Redox deminer- 
alized water unit was due to the presence of sulfuric acid in the 
water inlet stream. Sulf'uric acid could be in this stream after 
regeneration if incomplete flushing was given to the ion exchange 
bed feeding the heat exchanger. 

Non-Metallic Materials 

A new adhesive designed for plastic cementing was tested for use 
in bondhg polyvinyl fluoride film to polymethyl methacrylate 
panels. This adhesive appears very promising for sealicg the 
transp8rent, highly resistant film to the inside of hood panels. 
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X cspecQai icstrument-eiectrica comector jumper bas been devised 
to overcome tk problem of LMted C~YOE connectors. lzle jumper, 
corzai~izg Wc eoe.xfal connectors enB two power cmtscts, is 
des5ged for instaliation in Purex E cell. 
catioL will provfde a coaxial connector for a neutrca monitcr 
in the E-6 SuW. 
conpleted an9 tested mechanically and ele2tricUy. 
cu3.t.y has beer\ incurred in simulated remfie instt?Uation. 
Electrically, tie connector has 8 satisfactorfly hi& insulation 
resistmce; an ion chamber current of 1 x 13"12 EGnperes wa~ 
passed tkro@ the connector and read out on 
nEzte 

Tke initial appli- 

A prototyp coaxial cable connector has beer2 
No diifi- 

stszdard instru- 

U~hg tap punckd by the new scanner-punch system, the C- 
Column DSt8 Reductiori Code was checked out with a new Paper 
Tspe Input CDW~PE~O~ code. 
been ehidnabted. 

tape& on e "pro&xtion" basis so that experirnn"4 data taken 
ox by will be retuzne2 in fin& processed ?om the foliowing 
mxisg 0 

A minor bug irz tte latter code has 
A procedure is being set up to process punched 

3 
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REACTOR DEVELOPMWT - 04 PROGRAM 

PwMlPIuM RECYCLE PROGRAM 

Salt Cycle Process 

Electrolytic Decontamination of Molten Halides - Purification of 
contaminated alkali chloride melts will reduce mate -aolume io 
the Salt Cycle Process. 
were investigated. 
Residual amunts of plutonium chloride and uranyl chloride were 
also removed since uranyl reduction precedes that of iron Bad 

reduc3ion of plutonium ions to metal preceees that of ouro?im, 

TWO electroiflic purification techniques 
Impurities added were europium and iron. 

1. A molybdenum cathode and an opn graphite anode were used I= 
the first, and least successful, mefhorl, with no attezpt to 
exclude anodic chlorine from the cell. Electrolysis was 

performed at -2.0 volts relative to an Ag/A&l reference 
electrode. 
purity ions was less than 5 percent. Percentages of the ions 
removed were: uranium, 53; iron, 36; plutonim, 23; and 
europium ody about 0.01. Purthelmrep &the deposit would not 
adhere to the molybdenum cathode. 

Current efficiency for the relmval of all im- 

2. T3e second technique achieved hi& rema of Impurities even 
with a chlorine atmosphere in the cell. This method made use 
of s MgO cell-liner, a molten lead cathode, and 811 open 

graphite anode at a cell potential of 4.5 - 5.9 volts. 
Percentages of the ions remved were: uranium, 99.99; iroo, 
97.5; plutonium, 98; and europium, 60. 

ElectroLytiz Preparation of Large Single WOe CrysSa2.s - Ceramic 
Fuels Development Operation has been attempting to obtain LLsrge 
single crystals of uranium dioxide containing ecriched u-raniua! 
without success. 
crystals in the 1-gram size rarge were produced La two molten 
&alt electrolysis runs. CrystaL size was liMtad in each ease 
due to premature shutdowns caused by instrumect trouble. Pre- 
vious r'm8 with nonnal uranium have prcsduzed czyetds in the 3 
to 4 gram size by the same techiques, which utilizes ?&e 

wCl2-2.5 KC1 eystem as solvent- 
electrodeposited U02 was reauced tenfold from its zoncentsation 
in the starting Paaterial. 

Approximately 30 g of earfched uranim &oxide 

Aldnun impurity in the 
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test but withut the activated carbon bed, resulted in mush less 
ruthenium removal (ca. - 22 percent 

ClinoptFlolite Beneficiation Studies 

Preliminary crushing and grinding tests on selected Hector, 
California, clinoptilolite were completed by Dr. J.Ao Pask of the 
University of California. These tests were to determine if means 
exist for improving the yield from mine-- ore and mkhizlng 
the creation of fines in clinoptilolite dceral eolurns. Rolling 
mill and rod mill tests hisclosed that a mm&nm.oOi abou.C, 50 per- 
cent could be obtained in the 10 to 20 meah size, about 25 per- 
cent in the 20 to 50 mesh size, and that abut 25 percent fines 
(less than 50 mesh size) would be produced 3y tkc best cmshisg 
methods. 
in the wet screening tests, suggesting the presencz of water 
soluble minerals in the ore. Tests are uder way a% Eanford to 
determine the physical and chemical properties of the crushed 
and screened size fractions relative to earlier-procmed matertal. 

Some degradation of cliaoptilolite particles was noted 

Clicoptilolite, powdered to < 100 mesh, vas pells+vized with 
silicic acid. 
0.4 - 0.7 mm size. 
this material and columns of cruahed clizoptilolfte of 31s 3-e 
size were compared for cesiumboadings. 
so that the residence time was the stme for each cziunm, and! the 
results were compared on the basis of cclumn ~01~s of actuai 
cliooptilolite present. 
performnce, but the crushed pellets showed sligkzL;~ better 
kine t Fc s . 

These pellets were the= crushed w.3 aer?eaed %a 
performance characteristics af e~l'ms of 

Plow rstes were 8dJnsted 

There was very little diffezence in 

IC-Cell Calciner Peed 

Approximately 200 gallons of 1WW were obtained and set aside tc 
allow the iodine-1% to decay prior to calcination. A sinall 
portion of the 1WW was transferred to B :ell fcr inspection ad 
sampling. Although the LWW was centriflqed at Pxex, it was 

observed to contain a large amount of solids, A 1500 ml smple 
in a 2-Liter graduate was found to eoc+&in 590 d. of solids 
dter settling for 30 minutes, and 200 ml of solids after settling 
overnight. The solids were readily susperded in the superraats by 
air %parging, md the slurry passed easily throlugh a screes wtt5 
openings about the same size as the opening fc %be zalcker sprsy 
Irozzle. Therefore, operatdon with the slmy 31@t nct cause 
excessive problems. However, for the i~litial ealclnatioc experi- 
ments, a clear solution is much mor5 desirajle tW 6. sicrry. 
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ChaTactsrizstion of both the supernate and tlte solids Bas been 
iriftfsled but so=~c1uaive results &-e nct yet Evailabie. 

k-Ce1l AadLysis of" Off-Gas fron:Waste Calcine? 

The in-cell gesmrs malyzer ME been modifieB to allow comting 
+he actfvitjr ccdlecfed on the off-gas filters f20n the waste 
calciaer. StmdarS. samples prepare6 by absorbing known amoutits 
of cesium-137 czi the fUte_rs show the minlmm cesium activity 
(Ieteetab1.e $3 3e about 101 y/xcin. C8zrma energy analysis c~cn be 
made with about 5 x 137 y/min. 
S-~I~E which are too ''hat" to heridle vit'bct shielding (out of 
-the cell) can be myzed in-cell. 

These results sbw that any 

The celsher equipment has been moved fro% the mock-up lcraation 
into A-Celi. 
be esaentiUy completed by the en& of July. 
problem in placemeat of eqcipmerzt for remote manipda%o,or operation. 

The elec",ical hookup is not yet complete ?ut ahodd be completed 
during the first week of August. The in-cell ad exterior bus 
wcrk, Lastailation of transformers, switchgear, etc e for h00 
mpere power to the cslciser is complete. 
ceLziEer pwer is limited to control iss%muents%for, painting, 
i'~~staliatioa of cooliag blowers and the external bus shields. 
Tte wa%er-coeie& coaxial cables for conducting rd.50 frequency 
pwer ix the pt calciner have been fabricated ad ins.t;alleb. 
Tho Tscco m2% has been placed and modified for thiE installation. 
Thc elecL,ricsl as6 cooling water circuits tn-cell are n05 as yet 

The transfer west smot'nly and the pipefitting will 
There were no 

ReICBdEf3ig k'ork or? the 

cocphete 0 

Tee% of tSe electrostatic bubble scrubber were rm3e with magnesium 
oxide smoke. The de-entrai-ot factors obtained far the sub- 
zicroa smke were of the order of those akt&izte& prePioU6~Y with 
cslcitrer off-gse, 
piskcp of the downstream filter veLried crlnwst directly as the 
flm rate md as a negative exponential fmcticn o? the voltage. 
The resfits of the scrubber development md experhental bta 
were summr5zed in a report, "The Electrostatic Bubble Scrubber," 
(EW-7k2X) by ROT. Allem and U.L. 'upsolz. !he mch€aicaUy 
"3eefe&-cp" anit has been installed it A-Cell. 
les9s into A Cell and line power to the .IN su;pply location we 
yet to be ir6tCLed. 

DF's of up to 1000 were obtainee. The mgaesiun 

T2ie high voltage 

-. 



Radiation Resistent Elastomer 

A larger series of tests than previously repor+,ed were made 32 

the 65 durometer (S-3 batch) ethylese pPop.Jlene rubber. Seven 
unirradia ed samples were compared with four samples irrdiated 
to 2 x 10 R. The irradiated samples lost 3 percent hardness, 
22 percent elongation, and 47 percent tensile strength. Samflsi; 
of Es+dne rubber, adiprene, nitrile, styrene-butyl, and uretbae 
rubbers were all destroyed by 24-how iamersioc in 6 I m03 st 
70 C. However, ethylene propylene rubber was st'd &ong arnd 
flexible under the same treatment. 
hot cehl applications. 

Q 

The rubber may have severd 

BIOLOGY AND m~cm - 06 FSOGRAM 

IERRBSTRUL ECOLOGY - BARTH SC-CES 

Hydrology and Geology 

Initisl runs were completed with the Portrsn progrm for calcal- 
ating time for three-dimensional flow between a crib ad the 
river. Included in the run was a solution for flow between the 
NPR crib and the river, which was treated previously in %o 
dimensions through use of electrical condueTanee paper analogs. 

The first arrival *hies at the river for flow along %he shortest 
streamlines in the two methads was in close agreemect (lese tha 
1 percent difference) a 

In cornperison to those found with the three-dimenaional results. 
For exampla, the time for the longest streamline is over 50 Tines 
that of the analog. 

Several samples of volcanic ash were obtained from the Job Dsy 
Pomation in central Oregon and aaalyzed by the X-ray diffraetLa 
technique to determine if the mineral clinoptilolite was psesmt. 
The results ahow that samples from on? locality, Located s2c 
dies west of Kimberly, Oregon, on Highway 19, had a relati-rely 
high percen"uage af this dneral present. There was no evidezce 
that this mineral was present In the other smplee. (A labore- 
tory determination of the cesium distribu5ioe ccefficieni, KaJ 
showed the ashto have about one-half the exchange capcity of 
the clinoptilolite material obtained from Caliixaia and Nevada,) 
In the large areal extent of this particlllar ~liaopf20lite- 
bearfag ash deposit in Oregon is; is possible tbt ia SCIE rqiors 
the ?nine& content is 8s high as thai; fomd fn the mterfsl fx3 
California and Nevada. 

However, as expected for lccger strean- 
lines, the earlier two-dimensional analog gave consemat- 4ve times 
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Drilling beg= oc Eojsct (%H-963. 
estimated fwtsge WSE completed. 
E i2,QOOc\ lie€ 2n the area toward which tritium from Separations 
Areas wastes is mvirag through ground water. 
one 1~5.e solzth ai the 300 Area, will confim the southex iinit 
of mvenent of urarAu.u-conta3oinated ground water from the 300 Area. 

About 10 percent of the 
The first vell at N 10,OCO - 

The second well, 

A'IMOSPBERSC RADIOACTIVITY AND FALLOUT 

FUGU% Studies 

The nuclides ZP-95 - Nb-95 and RU-106 have beerr present ia swiace 
air all through this year at steady levels cf about G.1 d/n per 
cti>i2 foot. Sface the Zr-95 - Nb-95 ConreLtration fias remained 
nearly constant during the last six month period, it rmrst be fed 
+Vs tie surface sir st a rate about equal to its kcax. 
sanplee were taken on July 24, 1962, at altitudes of 3000, 6000, 
9000 en6 12,000 feet, which showed 6x1 interesting increase in 
Zr-95 - Nb-95 concentration at the 12,030 foot level about 100 
times tke surface concentration. 1-131 has been present in near 
s-nfsce air at a concecltration of about 10-3 a/m per cubic foot 
since June 13, 1962. 
mmts oc a membrane filter to remove particulates and a back-up 
ckr@o@.l f",ter to remove the gaseous =terf&l. 

Air 

The 1-13 is collected in about equal 

R&Ciia$:oD Chedst.ry 

PreviQus determinations of "protection hbices" of conpunde in 
squeons solution have d.l been de an solutiolrs containing lese 
ttws C.1 percent solute by weight. As more cmcentrated solutions 
are ex.mi.ned, ox can expect to deal with system of mre compli- 
cated szuctcre acd hence more complex radiaticn-indusea kiaetics, 
until fhally ",$e "direct effect" of irdistior: on the solute is 
preSozLnat. Tnis "in-between region" of concectrated solutiors 
has perplexed many investigators, the geEeral COEC~US~OII behg 
that the prctect-lor cifered by chedcsls in irxdiatsd solutiocs 
does not Lncresse proportionately as their coocentraXon is in- 
creased. 
effect have beer: tested. 
tZis pro%Lena, expciments were begun to extend tae proteetioc 
index detePn;iaatia~s. In terms of protectioz incites, the 
".satitration" effect should appear &E a deesessfng protection Index 
as the ccncer;traticn of protectar is increased. 
cor!pmnd exmdned st high concentrations silace it has a very lcw 
protectiozi index even at low concentrations. Cowfcat'ons were 
r5scrred imnedistely since the UEUC linesr 2lot.of P log [Dye] 

. 

Several pheromena posc,ulated t=, explain tiis "saturationn 
Io order to obtair. e new perspective for 

Urea WBE the first 



versus absorbed dose was curved more and more a3 the concentratio2 
of urea wae increased. 
portion of these curves, the followizlg prote-tiori irdices of urea 

Utilizing the initial straight-line 

were evaluated ; 

[urea] P.I. 25' $ Urea 5y Weight 

2.30 x 10-3 M 3.0 10-4 
5.00 10-3 z 3.5 x 10-4 

5.00 x 10 TI 1.8 10-4 
2.00 x 10-1 P 3.4 10-5 
5.00 x 10-l Fi 2.2 10-5 

2.00 M 3.0 10-5 
4.50 E 2.8 10-5 

2.00 x 10:; si 8.8 x 10-5 

- 
- 

< 2.1. 
< 0.1 

0.1 

G.3 
1.1 
2.8 
11 
25 

The protective ability of urea 8s measureL by the pzo..ect.cn 
-dices is only decreased by a factor of 10 even when the concec- 
tratlon is increased by a factor of 2000. smallness of this 
decrease is surprising since, at the higher concentratioos, a 
substantial amount of the radiation must be adsorbed directly 5y 
the urea (urea and water each have appmxima2el 
density, 3.2 x 1023 eleetrons/gram md 3.3 x 10 3 electron/graa, 
respectively, sa that the fraction of Ligh-energy rsdiat'ioc ewh 
absorb is equal to their weight percent in the sslutior). 

the same electroc h 

Thin layer chromatography techniques are being used to exadze 
the purity of separated dye fractions for the skidies of chs~2cal 
protection from radiation. Glass plates cDsted witk 8c abscrT2s;g 
medium such as kieselguhr form the 8tatiorraT phase while ?evoLzp- 
merit is accomplished by ascending chsmtographf ushg varLous 
soiveats. 
(Food ad Drug Administration nomenclature 1 of ericgla~211e eodd 
be resolved ioto at least two componerts for whish a prscticsl 
separation proce6ure is being sought. 

Using this technique it was fcmd tbt Bracticn IY 

13 0.95 M - sodium kydroxide the blce Son sf the dy-l? er5ag2-aucisej 
is comerted to one of its colorless forms through the si53ftil;;l rr' 
a kydroxyl imo In addition to the co3rlesb fan, a pwple 
derivative is observed to form, To the ex5ezt fkat tXs puqle 
species is formed, the protolysia and hydrolysis emstacts 
measured for the iaterconversion of tke vtl~iocs species cf erfo- 
glaueine will be in error. The ra:e of f3nation of the purple 
species increases as the pH increases. It is read;ly fame' i3 
the absence of oxygen indicating thst Ets fsmtian is r~t EL 
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base catalyzed oxidation of erioglaucine. 
slowly converts itself to a colorless species, whiie, in strongly 
acid solEtion an orange species is slowly formed. 

In basic solution It 

RADIOISOTOPES AS PARTICLES AND VOLATILES 

Particle Deposition in Conduits 

Computer programs were written and used to calculate psrticle and 
fluid flow parameters for sll current deposition data. 
mtrre rapid handling of the data permitted a re-examination of the 
correlation previously developed. 
the theoretical basis upon which the eorreletion of variables was 
established to be valid an& supported the observation tht 8 coaduit 
diameter ten was needed to yield better correlation of the &ita. 

The much 

The independent review showed 

A computer program is being written to calculate pasticie deposition 
for a dfstritution of particle sizes passing through a conduit. 

Manager 
Chemical Research snd Development 

WH Reas:cf 
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BIOLOGY OFFRATION 

A. ORGANIZATION AND PYRSONNEL 

Dr. Roy E. Nakatani was appointed Manager, Aquatic Biology, effective 
July 1, 1962. 

GENERAL 

On July 5 and 6, 1962, the AECfs Inhalation Toxicity Group met at Hanford. 
Eighteen scientists from AEC-supported laboratories attended, 
was in charge of arrangements. 

Dr. d. J. Bair 

Dr. R. F. Foster was guest of the Internal Emitter Committee on July 11, 
Results of environmental monitoring programs and PJ2 uptake studies were 
discussed. Dr. Re 
NCRP, held in Salt Lake City. 

Thompson also reviewed the recent meeting cf the 

B. TECHNICAL ACTIVITIES 

FISSIONABU MATERIALS - 02 PROGRAM 

Effect of Reactor Effluent on Aauatic (heanisms 

The swimming performances of young C:hinook salmon (73-74 mm) reared in 0, 
3, and 5 per cent reactor effluent were ccmpared in a hydraulic test flume 
with a 1.6 fps water velocity. Eight experimental groups with 11 fish per 
group were tested after they were reared in each of the three solutions. 
No statistical differences due to the effluent were found. The mean 
performance times for the second trial were 370, 312, and 425 seconds for the 
0, 3, and 5 per cent effluent groups, respectively. 
more important sources of variation in the observed swimming time were 
trials or number of experiences with the test flume and size of test fish. 
The mean performance time for each test group (73-74 mm) was treated as 
the independent normal random variable for the preliminary analysis of 
variance smarized as follows: 

. 

As expected, the 

Degrees of Variance 
Source of Variation Freedom Mean Square Ratio 

Effluent effect, E 2 65,080 l030 

Trial effect, T 1 106 , 597 2.13 

Interaction (E x T) 2 58 , 925 1.18 

Monitoring of 100-KE reactor effluent with young rainbow trout was 
temporarily postponed because of adverse water temperature problems. 

UNCLASSIFIED 
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Columnaris 

Columnaris was noted fcr the first time this season in l46-FR troughs and 
100-KE troughs. River fish from 100-H slough and Hanford area were not 
infected . 
BIOLOGY AND IIEDICINE - 06 PROGRAM 

MXTABOLISK, TOXICITY, AND TRANSFER OF MDIOACTIVE ’XTERIALS 

Phosphorus 

Cichlids on chronic feeding of P32 are approaching sexual maturity. 
pairs will be isolated soon to study the effect of body burden of P32 on 
reproduction. 
seven months of P32 feeding. 

Spawning 

No a?parent difference in mortalities have been observed after 

Zinc 

Preliminary results of a single intraperitoneal zn6’ injection given to rats 
fed 25, 50, o 
increases, Zngs uptake by certain tissues, notably liver and kidney, ncreases. 
An exception was the small intestine, less the duodenum, in which Zn 

, accumulations decreased as the cadmium levels increased. 

Some preliminary work to study the distribution of zn65 in rainbow trout after 
a single oral administration was initiated with the assistance of 
Flr. Yilliam P. Miller, 
The distribution of Zn6F in various tissues (blood, eyes, kldney, liver, 
muscle) at different times is to be studied. 

- 

75 ppm cadmium indicated that as the dietary cadmium level 

6t 

n AEC Health Physics Fellow from University of ’‘ashington. 

Iodine-131 

Eleven female Palouse swine, including five controls and six that had received 
5 pc 1131/day for four and one-half years, were killed and autopsied. 

control animals were each given 5Opc of 1131 at 18 to 48 hours prior to 
posting. 
control group ranged from 0.8 to 2.1 per cent of the single 50 pc administered 
dose and the concentration in the 5 pc/day group of animals was 18 per cent 
of the daily administered dose. The thyroids frcm the 5pc/&y group appeared 
more fibrotic and weighed one-half, or less, than thyroids from the control 
animals . 
TSH determinations on serum from three ewes (control 
and one that received a single oral 3 mc dose in 1958) indicated that the 
3 mc animal had a TSE level in the serum of 4.9 mp USP per ml, while the 
other two ewes had levels not detectable (C0.45 mp USP per ml) by this method. 

The 

Iodine-131 concentrations per gram of tissue in thyroids of the 

5 pc 1131/day level, 

UNCLASSIFIED 
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A ewe given a single oral 3 mc dose of 1131 in 1958, when six months old, 
expired showing symptoms of hypothyroidism. 
the severely damaged thyroid remnant revealed an adenoma. 
first time a thyroid adenoma has been observed in a sheep following a 
single dose of 11% 

Thyroid uptake of 1131 in four weaned male lambs about 3 months of age 
was determined With the whole-body monitor. 
5 pc of I131 by a different ro 

about 1s per cent of the administered dose in all but the animal given 
the topical dose, in which peak concentration appeared to be less than 
two per cent. 
varging the routes of administration. 

Histological examination of 
This is the 

Each lamb was administered 
, i.e. , intravenously, subcutaneously, 

orally, and topically. Peak I YSf concentration in the thyroid was 

The study is being repeated with higher tracer doses and 

Plu toniun. 

The liver function of two male sheep intravenously injected with 180 pc 
of Pu239 was determined using 1131-labeled rose bengal. There appeared 
to be no acute effect from this dose of Pu239 on liver function. 

To study the comparative toxicity of ?u2j2 an3 Fu239, rats were injected 
intravenously with 0.9 pc of one or the other of these isotopes and 
distribution determined after 1, 3, 8, and 21 days. 
1- and 3-day sacrifices indicate no difference in the distribution pattern 
of the two isotopes. 
of a higher dose, 20 pc, at which level differences in toxicity of the two 
isotopes have been noted. 

Data available for the 

This experiment will be extended to study distribution 

Neptunium 

were intravenously injected with 6, 12, or 24 mg of citrated neptunium 
per kg of body weight, and sacrificed after 24, L89 and 72 hours. 
receiving 12 and 24 mg did not survive past 48 hours. 
rats died within 48 hours but others survived to the 72-hour sacrifice. 
Gross examination revealed fatty livers in the Np237 injected animals, 
even at the 6 mg/kg level. 
injection. A parallel experiment wherein rats were injected with lead 
nitrate resulted in distinctly different symptoms. 
died but all showed grossly enlarged spleens and livers, apparently due 
mainly to edema. 
available. 

Studies were continued to evaluate the chemical toxicity of Np 237, Rats 

hinds 
Some of the 6 mg/kg 

This was apparent as early as 24 hours after 

None of these animals 
I 

Histological results on these animals are not yet 

In cooperation with We E. Keder, Chemical Research and Development 
Operation, spectrophotometric studies were made of the valence state of 
neptunium in various forms suitable for injection or feeding to rats. 
Techniques are available for the administration of neptuni-am in either the 
4, 5, or 6 valence states. The pEsence of citrate seems to stabilize the 
4 valence state and earlier results obtained using neptunium-citrate solutions . 
in which other valence states were assumed to be presept, now appear questionable. 

UNCLA SS IFT 'ED 
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Radioactive Particles 

A further experiment to determine the effectiveness of 1127 as a dihent 
of 1131 aerosols was completed, Using 1127 crystals as a source of free 
1127 only slightly increased the aerosol concentration (2 X 10-3 jug I127/d 
of air) obtained in previous e eriments. 
of the 
total deposited during the 42 hours following exposure, 
two-thirds of the lowest levels seen in previous experiments, Table 1. 
results encourage further efforts to increase the levels of the 1127 exposure. 

In order to determine whether the adrenal cortex is involved in the lymphopenia 
caused by exposure to Pu23902 aerosols, 20 rats &re adrenalectomized and 10 
were sham operated, 
hydrocortisone. The lymphocyte levels of all rats will be studied following 
exposure to Pu23902 aerosols 

The maximum 1131 level in thyroids 
s exposed to mixed 11 T 1-1127 aerosol was about 2.5 per cent Of the 

This is about 
These 

Ten of the adrenalectomized rats are being maintained on 

Biochemical stud'es on animals exposed to radioactive aerosols were started. 
CeUO2 and h23b02 deposition had no effect on transaminase and lactic 
dehydrogenase levels in the blood of dogs over a period of four months. 
Methods for determination of 17 hydroxy corticosteroids and for mracting 
lung mucopolysaccharides were developed, 

In dogs, aerosol and intraperitoneal injection administ 
equally effective in clearing the lungs and body of Cea-Pru following 
exposure to CeuOz. 
more effective than when started after 5 pr 10 days, Table 2. 

tions of M'PA were 

Treatment beginning immediately after exposure, was 

Table 2. Effectiveness of DTPA in %moving Inhaled Cea402 

-.I I 

Retention of Cew-Pr 

Per cent of Per cent of body burden 
Dogs total deposited five days after exposur@ 

Controls 75, 74, 63, 66 06, 00, 02, 87 
Treated hediatelp 5 06 32 
Treated after 5' days 25 29 
Treated after 10 days 27 42 

8 These values are given because occasionally 50 per cent or more of the 
total radioactive aerosol is cleared and excreted by the 5th day after 
exposure. 
a slight possibility that it could have occurred in the treated dog 
had it not been treated. If so, the effectiveness of DTPA would be 
over-emphasized by the 506 per cent value. 

It did not occur in any of the controls, but there remains 

*A second dog, given DTPA by intraperitoneal injection, showed a similar 
response. However, the dog died about one week after exposure (cause 
unknown) e 
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The clearance of ceu removed by DTPA is via the u ine. 
life for whole-body retention of inhaled CeaL-Prd was 400 days in two 
dogs over a 100-day period after exposure. 
170 days, 

A second dog died about two and one-half years after exposure to ~~23902 
aerosols. The lungs showed gross effects, Three other dogs are beginning . 
to show respiratory involvement but no gross changes are detectable 
radiographically. 

The biological half- 

The effective half-life was about 

Radiation Protective Agents 

Rats which received 800 r whole-body X ray were pre-treated with 1.5 m/kg 
EM'A as the zinc, manganese, calcium, or nickel salt. 
untreated control rats died within 27 days. 
and calcium EDTA animals survived. 
and all of the manganese EDTA animals survived. 
animals employed were small, the results suggest that the protective 
effects of treatments employed may be dependent upon the cation rather than 
on the EDTA moiety. 
explained by the fact that it is present in the divalent state and has more 
available reducing pmer than the other cations employed. 

Five out of ten 
Seven out of ten of the nickel 

Although the numbers of 
Eight out of ten zinc EDTA animals, 

The superiority of the manganese salt may possibly be 

Preliminary toxicity studies have been made with the polystyrene sulfonate 
obtained from Kroll. 
to be very slightly absorbed and may be the useful chelating agent for 
wound decontamination, 

%is material is highly water soluble but is expected 

Bone ykrrow Studies 

Studies on modification of secondary disease continue with no definitive 
results to report this time. 

Cellular Studies 

After X-irradiation, yeast cells lost K to washing solutions. 
to retain K was restored after being placed in glucose solution, thus 
indicating damage to K absorptive mechanism was reparable. 
phosphate, unlike K, continued to decrease. 

The capacity 

Cellular 

Uptake of fully deuterated glucose by yeast cells was less than normal 
glucose, regardless of media, either D20 3r H20. 

Plants 

Uptake of Cs137 by beans from contaminated field plots was slightly increased 
by potassium. 
was less than tilled soils. 

Uptake of Cs from soils which had been surface contaminated 

All plants grown in nutrient solutions during the last six weeks were abnormal 
and not satisfactory for experimental purposes, 
identified but is believed to be in the water supply. 

The toxic agent has not been 

UNCLASSIFIED 
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Plant Ecology 

Uptake of Se75 by cheatgrass from field soil placements was greatest at 6-inch 
depths with diminishing amounts from 12, 18, and 2h-inch placements. 
from the maximum placement depth, 30 inches, was barely detectable. 

Annual above-ground harvest yield of cheatgrass averaged 86 g dry weight 
per square meter in 1962 as ccwpared to 100 g per square meter in 1961. 
reduction in harvest yield is attributable to less fall and wicter 
precipitation during the 1961-1962 season. 

The uptake of Cs134 by duckweed (Lema - sp.) was studied under va 
ecological conditions , 
assimilation is inversely related to light intensity. 

Uptake 

The 

??Eg Results obtained recently suggest that Cs 3 

. Columbia River Limnoloev 

A study of the accumulation and transfer of radionuclides from the Hanford 
reactors by Columbia River plankton was initiated. 
in lankt in order f de asin abundanc were Mn%, Cu , Na Cr 
hlE0, 8.P’ z&9, Scsg, %e levels of Mn2nS6: CrS1: 
and Zn@weGe 3.6 x 104, 1.1 x 13, &d 2.3 X 103 pc/g wet weight. 

The gam& emiggers $fund 

54 and CO~~. 

A significant decrease in the chloride concentration of the water has been 
evident since Mayo 
This is assumed to result from utilization by phytoplankton populations, 

Nitrate and phosphate concentrations continue to decline. 

Radiation Effects on Insects 

Ephestia larvae were given 0, 10, 15, and 20 kr X radiation. 
pupated and then developed into adults, but all radiated groups remained as 
larvae. 
and controls were analyzed electrophoretically to determine protein changes 
in hemolymph. Four protein fractions were demonstrated. Two fractions from 
the X-rayed larvae were lower and one was higher than in the controls. The 
other fraction appeared similar in both groups,, 

The controls 

Larvae that three weeks previously had received 22 kr X radiation 

Project Chariot 

The total body burden of Cs137 in 150 permanent resident Eskimos from 
Kotzebue, Alaska, averaged about 135-lb5 nc, with a maw of about 500 nc. 
Eskimo students who had recently returned from attending schools elsewhere 
in Alaska for a nine-month period avera ed about LS nc, White residents of 
Kotzebue generally contained lower Cs13 7 levels than the Eskimos . 
From Point Barrow, Alaska, 256 permanent Eskimo residents contained an average 
of about 35-50 nc of cs137, with a maximum of abcut 170 nc, 
recently returned to Point Barrow averaged about 15 nc. 

Students who had 

UNC LA SS 1.n ED 
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The highest 
Fifty-three permanent residents of the Anaktuvuk Pass region averaged about 
L20 nc with a maximum of about 790 nc. 
due to greater usage of native foods from the terrestrial environment. 

body burdens generally occurred among the Anaktuvuk Eskimos. 

These higher levels are apparently 

The diet of the Kotzebue and Point Barrow people includes much marine fish and 
mammals-seal, whale, and walrus. 
rely upon caribou as a primary food source. 

The Anaktuvuk natives,on the other hand, 

Three men from the Radioecology Operation reported to the Project Chariot 
site to initiate field collections for radioecological studies of the environs. 

SPECIAL 

On July 29, at approximately 4:lS p.m., a fire occurred in #e climatizer room 
of the 108-F building. 
light system. The fire was restricted to one room, and total damage to room and 
equipment was estimated to be about $20,0’30. 
quantities) were contained and no spread of contamination was detected. 
was no reported injury associated with the incident. 

The fire was attributed to a defective ballast serving the 

Radioactive isotopes (tracer 
There 

JJ Davis:es 
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C, Lectures 

a. Papers Presented at Society Meetings and sgmposiums 

None 

be Off-Site and Local Seminars 

Inhalation Toxicity Meeting, Xchland, Washington, July 5 and 6, 1962 t 

8rm, M,G. Hanfordls dog colony, 

Park, J. F., D. H, h’illard, S, Marks, J. E. West, G. So Vogt, 
and Vo J. Bairo Acute and chrcnic toxicity of inhaled 
plutonium in dogs, 

Tombropoulos, E. G., and W.J. Bair. Treatment for removal 

of inhaled CeUO2. 

Bair, W. J., J. Po Herring, and L. A. George, Jr. Retention 

Proposed study of Pu239 induced lymphopenia. 

and excretion of inhaled h02, 

Rhyneer, G, So 

Tombropoulos, E, Go Proposed lung biochemistry studies, 

Caseg, H. W,, We J. Bair, J, F. Park, bo Go Tombropoulos, 
and W. J, Clarke., Planned experiments on acute effects 
-of ~elL40~ inhalation in the dog, 

Summer Institute, University of Utah, Salt Lake City, Utah: 

Dockum, N. Le July 3, 1962, Autoradiography of tissue, 

Uhler, R, Lo July 19, 1962, Factors affecting the accumulation 
of cesium and strcntium by plants. 

Bair, W, J. July 26, 1962. Inhalation studies of internal 
emitters. 

Summer Institute, University of biashington, Seattle i: 

Mahlum, De Do 

Mahlum, Do Do July 3, 1962, Biochemical effects of radiation, 

July 2, 1962, Effects of radiation on cells, 

Uyeki, E. M, July 12, 1962, Modification of radiation injury, 

Health Physics Fellowship Program, 300 Area: 

Thampson, R, C. July 2, 1962, Internal emitters. 

Uyeki, E, No July 30, 1962, Cellular radicbiology. 
U’JCLASS I !‘I ?D 1231032 
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c. Seminars (Biology) 

Dr, Vernon H. Cheldelintl Dean of Science, Oregon State University, 
Corvallis, Oregon, 
organism lacking a Krebs cycle" - July 23, 1962. 

Biosynthesis of glutamic acid in an 

Dr. Marylou Ingram, University of Rochester, Rochester, New York, 
"Some newer hematological responses to radiation" - July 30, 1962. 

d. Miscellaneous 

None 

D. Publications 

a. Open ,Literatwe 

Narks, So, L. J. Seigneur, P. L. Hackett, R. J. Morrow, v. G. Horstman, 
and L. K. Bustad. 1962. Effects of the administration of single 
doses of iodine-131 to sheep of various ages. Am. J. Vet. Res. 
23: 725-730. 

McClellan, R. O., u. J. Clarke, J. R. IkKenney, and L. K. Bustad. 
1962. 
in miniature swine. Am. J. Vet. Res, 23: 920-912. 

Preliminary observations on the biologic effects of Sr9O 

McClellan, R. O., J. R. McKenney, and Lo K. Bustad. 1962. Dosimetry 
of caesium-137 in sheep. Nature 194: 1145-46e 

Mraz, F. R. 1962. Intestinal absorption of CaLs and Sra5 as 
affected by the alkaline earths and pH. 
Biol. and Med. 110: 273-275. 

Proc o SDC - for .mtlo 

b. Documents (HW) 

None 
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OPERATIONS N?SEARM AND SYNTfESIS OPERATION 
MONTEILY REPORT - JXLY, 1962 

Effective Jwy 1, 1962, D. P. Granquist transferred to the Operations 
Research and Synthesis Operation from the Programming Operatiqand 
R. J. Brouns transferred frcan the Operation to the Chemical Research and 
Development Operation. 

Fuels Preparation Department 

Consulting assistance continues to be provided in connection with interpret- 
ing output frm the MERCY program concerned with evaluating measurement 
errors at various stations within FPD. I 

Ingot chemistry data from the feed sites are being incorporated in the 
HAP0 data system. 
impurity levels for a fair proportion of ingots, some technique has to 
be used which gives a realistic summarization of the data. 
that utilization of censored distribution techniques, on either the raw 
or transformed data, provides a solution. 
were supplied for incorporation into the data processing system. 

Additional data are being analyzed from the Multiple failure lot, Hp065. 
Several types of measurements are being made on the uncharged fuel elements 
frm this lot and on "control" lots t3 determine if its rupture proneness 
could have been anticipated on the basis of preirradiatim measurements. 

For some elements with lower detection limits exceeding 

It was fad 

Appropriate calculation formulas 

In connection with re-measurement of Azel elements in 100 percent inspec- 
tion, appropriate formulas were derived to use in estimsting tester 
efficiency and product quality when the items are measured three times. 
Previausly, formulas were developed for the situation when items were 
measured twice. 

Wettability data, from two pilot plmt experiments were analyzed as 
requested. 

Silicon concentration data from the duplex aad canning baths over a one 
month period were aaalyzed tc determine the abiliQ of the process to 
remain within specifications. 
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Data frm an experiment to determine the effect of silicon content, lead - 
temperature, and lead preheat time on sucb dependent yleld variables as 
internal and external total bond count, percent UpL3, primary and total 
bond layer thicknesses, stud pull strength and number of cracks have been 
analyzed. 
variables and the results have been graphically depicted. 
of independent variable levels which gives the best results ingeneral 
still needs to be determined. 

A respanse surface model has been fitted tc each of the yield 
The combination 

hta from an experiment to determine the effect of different core and 
sleeve cambinations on the ellipticity of the canned fuel element have 
been anslyzed. 
investigated. 

A seven variable experiment (22 35) was designed for use in evaluating 
effects of certain control variables in the ultrasonic welding operatian. 

Several different core and sleeve cmbinations were 
The results confirmed a previous analysis. 

Rail height data for KIVN fuel elements were analyzed to determine if a 
given type of sizing can produce fuel elements meeting minimum specifica- 
tions on bumper height and maximum specifications on projected diameters. 

Camments were provided on the rupture testing of dingot material produced 
after the moratorium. 

‘Ihe behavlor of wall thickness along an extrusion was characterized for 
NMI extrusions. 

Extensive preparations are being made to analyze NIT data back to the first 
extrusigs. 
capabilities with respect to control of warp, wall, md clad thickness. 

Tfie primary purpose of the analysis is to determine process 

Irradiation Processirq Departm ent 

. During the month the time distribution records for the period 8/27/61 
through 5/27/62 were matched to the active work order master file for 
7/1/62. 
active and closed. Some time was expended to determine whether these orders 
could be translated back to expense account codes which describe specific 
job activities. These work order sets are now in the hands of IPD Financial 
personnel where each is to be tagged with the appropriate expense account 
code, or deleted. The analytical program to accumulate these data by-reactor, 
by job, by craft, by assigned or borrowed labor, by straight or overtime 
hours is in the final stage of debugging. 
to substitute the above mentioned expense account codes for the various 
work order numbers in the source data. 
created ap,d4~~trned,,the analytical and substitution program should be 
operablw *r 

From this operation two sets of work order listings were obtained, 

A program has yet to be written 

By the time the master listings are 
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AE exkeneive analysis is being made zf the waQ and hot &pot relatiocship, 
oEe purpose being to cawre reactors. Preliminary results show that there 
are differences Setween reactors with respect to the frequezlcy of hot spots 
for a given amount of warp. 
reactors, this result is not surprising. 
differences between reactors disappear after accountiq for differences 
in annuli. 

In view of the differences iz muli between 
Attempts will be made ta see if 

'ihe high incidence of 80 and 90 profiles in the PT-310 data has spurred 
on an investigation into the measurement capabilities of the C-basin 
Profilometer, particularly with regard to measuring bumper f'uels. 
in techniques md processing of the data will probably be reemmended as 
a result of this study. 

Changes 

Measurement precisions and biases for vapiaus types Gf imer diameter 
gages were estimated based on several measuremeat runs 5y differen), opem- 
tors on different gages. 

Work continued on the problem of estimatir?g defect frequency and size 
distributions in connectio3 with welded primary piping for the NPR 
project . 
Chemical PPocessi= Department 

The demastrstion of +,he specified fabricated part plutaniwn and Pu240 
content was readily made for the second quarter of this calendar yean. 

A Teview was made of the shipper-receiver differences for total ;V235. 
As a result of the significant difference noted in the mass spectrographic: 
measurements by the two laboratories, a modification of the rnntine monthly 
measurement procedure was adopted ta aid in the elimilzation of bias and/or 
identify unexplained varimce. 

The available data obtained in the demQns%raticri of dimensional stability 
of fabricated parts are being examined to better define stability character- 
istics. While an over-all tendency for shrinkage is evident, significant 
interactians exist, indicative of differences intypes and amounts of 
shrinkage frm one part to mother. 

A-study of +he patterns cf statistical regularity among railroad accidents 
is being contirued for use in assessing the risks assQciated with shipping 
radioactive materials. Data, which have been received from the TC8, give 
substantial information on each railroad accident which has occurred in 
the years 1958 through 1960. 
being made of several data processilzg programs which Frduce usivariate and 

These data have been p.;t cn pvmch cards and use is 
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bivariate frequency distributions. 
function giving the probability that a freight car, - x cars behind the engine 
will sustain a given impact. 

Ihe ultimate ob3ec'tive is to obtain a 

Work was begun on a spare parts and general inventary control snalysis. 

Relations Operation 

Work continues in planning for the forthcaning WO-wide attitude survey. 

D. STATISTICAL AmD -CAL AC!lTVITIES WISlIIp HLO 

2000 Program 

Pulse Column Facility 

A joint paper was written which describes the data logging system for and 
calibration o$ the gamma absorptiometer used to assay the uranium concentra- 
tion of pulse column aqueous and orgasic phases. 

Work continued on the power spectrum analysis of the stabillty experiments 
for the estimation of the pulse column flooding curve as a function of 
capacity and pulsing characteristics. 

Fuel Element Swelling Model 

The NEL;LY nonlinear least squares program was adapted to the estimation of 
the parameters in a me1 e'lement dwelling model derived by Fuels Development. 
The program was tested successf'ully with experimental sweulng data and was 
turned over to the customer as a research tool. 

General 

The mathematical analysis and EapM program which determines the steady-state 
nonviscous flow pattern of a fluid in a cylindrical tank has been completed 
and placed into service for the custc;pner. 
effectiveness of various axially-located circulating devices on concentrat- 
ing suspended waste products. 

Studies caa now be made on the 

Modifications and additions have been completed on an ECIPM proEp.'am for the 
rapid and efficient evaluation of the longevity and sensitivity of a proposed 
neutron flux monitor as a function of its original isotopic constituents. 

Density and hmogeneity measurements on additional ceramic fuel elements 
whose izes and size distr;lbutions had been determined by theoretical 
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cmsideratims cortA..me $6 conf+irm their excqtiwal qualiirj. 
are Seisg made for other f*zel elemezb gemetFies. 

Cslc-dations 

Detailed mathematical analysis is under way 02 the theory of the propogatim 
of mb waves in metal plates. 
more effectively interpret data obtained from specimens in the nondestructive 
testing program. 

This study was izlitiated in an eff3rt to 

A nomograph was &e which enables one ta calculate tke weight of mterial 
of a givea percent enrichmezt which may be put 13 combination with other 
materials of various ammts Ebnd emichmezkE and still maintain a safe 
criticality level. 

mchinirlg Development 

me pulse motors, magnetic tape reader, and asaocla+,ed eqyipment have been 
assembled on the experimental Gorton lathe. A mapetic tape was generated 
to mill a prototype model aP an acbl ma.nufac3zl.ed psr-5, and several 
experimental ms have been made. In geneml, the lathe 9ppekred fc per- 
fcrm as intended, but a more critical eqralua%im awaits the resfits cf 
dimelzsfmal arid surface finish measurements. 

Agreement was reached 03 several eqerimental designs ?as metai b-s 
which are to be shear-spun on a Flaturn machine into preEelected shapes, 

An EEM program is beq- written which will specipj the precise geometry 
of the blank, lathe cocrdim5es Go machine such a black, and lathe 
cmrdinates to machine mold surfaces for cssfi3g bL!m.ka. 

4000 grogram 

Plu+,onitrm Fuels Research 

Arz experimenta,l design was devised far tae estPna5icl: of ",e radial void 
distrfb-dtim b tub?! fuel elemems usia micrzgmpha ~f cmss sectioss 
of the element. %e design is based sn the system5ic pin$ CY=% method 
of es+,im%ting ~~i2 fraction fram a two-dhensfmal rsdm sectiz. 
cm a si3ngle micrographed cross sectios were collected by twc observers 
and arml;med m the I3JIM 7090 wit3 s?prcpriate artsiysis of vwisce rmtises. 
"he resul5s of the analysis, izcluding the rsdial void distrihtim, the 
observer effect, ad accaqaxiying preciai3.e es5imates were supplied tc 
the customer. 

Bta 
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Swelling Studies 

Modification of the existing program for detailed analysis of micrograph 
pore size distributions was completed, and the data reevaluated. 

>ooo PrograIn 

Actinide Element Research 

Work on indexing crystals is being concentrated on the hexagonal case. Work 
on the orthorhmbic case has been temporarily suspended until the major dif- 
ficulties of the hexagonal case have been solved. 

A report (HW-74198) has been issued describing the function and we of the 
"90° extrapolation" program to determine Lattice parameters. 
version of this program has been requested. 
the exact problem defined, and the desired results decided upon. 

A generalized 
Two meetings have been held, 

The final draft of the report on the search pattern and detection grid 
problem has been ccanpleted. 

Division of Research Programs 

Several improvements in the GFM I!URTRAN language program were made during 
the month. A subroutine was added which would check the inversion of the 
coefficient matrix and, if necessary, compute the inverse using a slower 
but more accurate method. Calculation of the inverae was atteqted using 
eigenvectors, double precision, and an iterative (Cruut method) routine with 
the last method gi- the greatest improvement. 
have been made to GEM to improve the numerical accuracy of the program. 

Several other modifications 

Several cases have been run on the Monte Carlo prom which will test 
program GEM using data generated in a controlled manner. 

Environmental Studies 

The statistical analysis of data to investigate the relationship of certain 
factors to the uptake of P32 and Zn65 in Whitefish was continued. 
under consideration are temperature of the river water, concentration of isotopes 
in river water, and the rate of flow of the river water. 

De factors 

Biology 

Work c 
tion i 

on applyrng a multicompar&nent model to a study of 
Better approximations of &ate parameters are being 

using an iterative technique. bo 

Pu reten- 

sought by 



A mrdel has been fitted to a problem associa-bed with liver damage iz 
sheep. 
curves beizg plotted. 

Fur3her analysis is beizg doae to prmide tzhresce bands f3r the 

The mathematical details of the GRA prcgran modificalior proriding for 
the *use of monthly updated backgrmmd eatimares a;rd the print  ut at 
hdiaridusl nuclide precision est-tes were worked 9~5~ Cqies of the 
mathematics azld same suggestions for inelusfan in the ITETFA3 b;lgusge 
program were supplied to the custmr md Ec63. 

Persmel Mmitoriq 

The s+atistical analysis af data ts evaluate the present peacil pragram 
wa3 continued. 
determined arid calibration curves were com.+,me5edo 

The rklationship betwee-. dase level and exposure level was 

Statistical amJysia of pencil data fgr the first far moriths of 1962 was 
camplet,ed. 
of‘ pencils worn trsgether were significantly different and to make a 
tolerance statemer?t regazding the magaitude ~f the Ufferences cf the 
readings of two pencils worn together. 

%e purpose of the analysis was t2 determine if the reams 

Work i& cantiming on developing a technique where the individual whalysis 
samples are tested fCsr Pu extent mly af%,es a campsite sqle fails t.s 
meet aceej$xnce criteria. 
frequency of samples a’iove the germissi3jle level is small ecxgh t,? exia5le SL 

pmcedure gf this swt to work. 

The detectim 3f‘ Pu is secsitive enr!i@ alzd the 
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REACTOR DEVEZOm - 04 PROGRAM 

PLuTomToM RECYCLE PROGRAM 

Code Development 

The calibration of MEI;EAGER carried on over a period of several months is now 
completed for the present. The calibration included the following changes: 

a. The spectral index r calibration indicates that MELEAGER code can 
now be applied to evaluate reactors having far more plutonium 
enrichment than before. 
tion derived empirically to glve agreement with SPECTRUM V code 
which uses 75 energy groups to develop cross sections. 

The change involves adoption of a formula- 

b. Americium-241, formed by decay of F'u-241, has a pronounced effect 
on exposure attainable in plutonium enriched reactors; thus, 
economics are also affected since credit is not given for the 
vsluable by-products fYam Am-241. SPECTRUM V with 75 energy groups, 
was used to calibrate cross sections in WEB. Values were 
chosen for the cross section constants which leave MEIZEAGER slightly 
pessimistic. 

. 

Other isotopes were also cheeked with sl_rECTRUM. 

c. A neutron temperature correction term was added to MELEAGER to 
properly increase the effxtive neutron temperature as the neutron 
spectrum is hardened. 
by Applied Physics Operation which shows that a neutron temperature 
correction could be based on the cell averaged absorption cross 
section and the cell averaged moderating power. 

The correction is based upon earlier work 

d. An impro&d over-all formlation for the reactivity was adopted 
that agrees better with theory and experiment for reactors havirg 
large amounts of nonfuel absorbers than the previous formulation. 

e. The fast effect was not precisely reflected in the power summation 
{exposure MWD/Ton) snd this was corrected a6 s+,udies with significant 
fast effects are now contemplated. 

f. An additional array was added to the Physics library tape to supply 
the specific fission energies for the various fissile species. 
Fission energies vary as much as seven percent between fissile 
species such as U-233 and Fu-241. Yomerly, a median value had been 
used for all fissions regardless of species. This becomes important 
in the Combined Cycles studies where different f'uels are to be 
compared. 
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g. A new method of estimating the neutron flu for each burn-up step 
was adopted. It was obsemed that considerable error could exist 
from large time steps due to the fact that the flux for a the step 
is based on the initial fissile concentration. 
existed if either the time steps were made small or the rate of 
grow-in of Fissile material approximately equaled the rate of burnout. 
It was shown that relatively large time steps can be taken with 
negligible error if the flux for a time step is based on a predicted 
(for the time step) average fissile population, rather than on the 
fissile population at the beginning or end of the step. The flux is 
now based on a sophisticated prediction of the population density of 
the fissile species, and carqparisons of the energy released versus 
decreased mass of the fuel give excellent agreement. 

The linkage of MELEAGEE3 (known as MELEAGEB D) and a two-group diffusion 
code has been debugged. 
handle the extra data needed for diffusion. 

Little or no error 

h. 

A new generating code has been written to 

Three factors will require future attention, either in MELEAGER or in other 
improved burn-up codes that are being written. 

a. !l%e calibrations were limited to a maxbum energy of 4.2 ev, the 
limit of SPECTRUM V code as utilized for these elcperiments. 

b. The calibrations were for the homogeneous case. No geometrical 
MELEAGER does-have 8ome shielding is considered by SPECPRUM V. 

geometrical shielding capabilities but they are not calibrated 
with the care given to other factors because a suitable convenient 
standard is not adlable. 
importance with plutonium fuels than with U-235. As currently 
formulated, MELEAGEE3 does not fully account for geometrical shielding 
and, as a consequence, tends to underestimate plutonium value. 

Geometrical shielding assumes greater 

c. Several variations exist of the basic MELEAGER deck. 
options are to be combined into a single mEIster deck in the near 
future. mese variations include: (1) a burnable poison option, 
and (2) a zoned spectrum option that uows for adjustment of lattice 
parameters during the burn-up cycle. 

These specid 

2. Special CHAIN 

The bookkeeping of the various codes tapes becme so involved that it was 
decided to chain the codes for general burn-up analysis as was done for recycle 
analysis. At the same time that the codes were chain-linked they were modifled 
so that future chain linkage would become very simple. Each code is so written 

I23 IO42 



that it can operate equally well as a separate code or as a link in a chain 
sequewe. 3 addition, .?ASON code has been so modified that it prepares an 
*ut tape for MELEAWB-CE3 Gm JRe Mso, the CASE GENEXATQR has been 
modified to receive changes from the JASGN output tape and to prepare input 
cases for ME3XGQI code. 

Due to the outszandhg couperatloa given by the authors of %he various codes, 
it was possible to complete a working chain quickly containing JASON-CASE 
C~~Rrn~~-~~~~J~-~~~~-PT~ links e 

to be added. 
1ink.s if desired (at present they are terminal codes -- when they complete, 
they stap the entire ecanputer run). 

DEFJS53N Blld C&Z codes axe 
Q7Xm and PLE9?R will be modified so they can call subsequent 

Combined Cycles Studies 

An experhent was carried out wit.h the latest version of NELEAGZR to compare 
fuel COBZS with %hose calculated previously. It was concluded that the pre- 
viously calculated library of me1 costs has considerable value for'obt.aining 
pre1imirm-y answers to numerous questions; however, they are to be checked 
with the lat.er code before publicatio-?1. 

JASON code is utilized to make more valid comparisons among the various fueling 
schemes. It calculstes the input parameters for MEEAGER code at each enrich- 
ment level for the actual f'uel elment geometry under study. 
neutron a'csopptions are dependent on the amount of moderator (which can absorb 
neutrom), t-he quantity of fuel that affects the flux depression in a fuel 
element, and the neutron spectrum that affects the effective fuel cross section. 
In previous combined cycle studies, the neutron spectrum was assumed to be 
indepecdently variable because it was not practical to compute the proper SNF-W 
for each co?nblna%ion of moderator and enrichment. 

The nonf'uel 

Three generalized reactor ty-ges have been selected for a pi102 study of the 
various fJeliag schemes. These izclude reactors moderazed with 320, graphite, 
and water. 3elimuy results have been obtained with the EXJNCMECS CHAIM 
sequence during delmg operat ion 

DuriOg the orfgical design phase of a reaccJor, it is possible to choose a 
lattice spacing thar, gives optimum results for a specific fuel. This might 
Pot be the oFt-Lznum for another fuel. Zt is aot expected that the lattice 
spaciri idea for t7-235 will also be the ideal far plutozxium. This becomes 
a very important factor of %he Cdhed Cycle Study in which comparisons 
should be made between each of the ten fueling schemes at minimum fuel cost 
at optimun spacing.. This minimum fuel cost is determined wi%h both lattice 
spacing ard fuel enrickmen+, as prime nriables. 

* SNF J Sigma NonfueP; the flux weighted nonfflel absorption cross 
section 
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The following are preliminary results and are presented only for illustration 
of the principle. 

Description 

Reactor Type - Water moderated. 

Fuel - U@ 95 percent theoretical density U-235 
enriched 0,520-inch diameter fuel in 
hexagonal arrqj 0.010-inch cladding 
stainless steel and zirconium (alternates). 

Lattice Spacing 

Moderator Temperature - 260 C. 

Specific Power 

- Varied, reflected by SDPV* term. 

- 15 Mw/Ton of uranium. 

Size - 3000 MW them. 

Fueling Method - Batch. 

flected in SDPV 

Lattice Pitch (in.) 0.642 0.673 0.p0 0.745 0.81 0.928 1.127 

SDW 0.75 0.95 1.2 1.4 1 *9 2.8 4.7 

MTE, mills/kwh 1.79 1.48 1.35 1.3 1.33 1.44 1.63 

Thus, by means ofthe CHAIN-LINED code sequence, it will be possible to make 
more nearly valid comparisons rapidly a~ong the various fueling schemes because 
it is now practical to optimize each fueling scheme for each of three basic 
reactor types. 

* SLIPV is the moderator index and is the slowing down power of the modera%or 
normalized to unit fuel volume. 



The new fuel fabrication COST mde kas been ecqletely tested. 
set up for a model fuel elemens fa3ricatiol* TLs;'-t (13-rod PETR type) as 
described in HW07$3OL tba is SOOT; to be ?ubPished 3y 9. Hantborc. 
uranium and plutordum f&rYca%,ioc .Elcee were used 

Cases were 

Both the 

The "delta" values, FL+oniun fabricat fon cos';s minix? -ura~iua fabrication costs, 
were caicTlrlated varying %he recycle ard rejeer, rates for each fabrication step. 
The C,otals and correqox~disg "deltas" for ~ious multiples of the base recycle 
and roject rates are SCOT- IC 2a-rl.e 11. 

Wtfplee of Calculated ZX?., $/pound 
1 4 8 - 2 

_. Reject and Recycle - 

TJ enriched fuel 28 30 29.20 31 -26 36 e 93 

"Delta I' 2 .oo 2.26 2.83 4,31 

Another set of csleulstions was made Yc which ;he added costs for labor azd 
equipment in the pluronium stqs were kcressed +,o represent f'urt;her difficulties 
that shielding my present as !z!gher eqcsure pliror-ium 1s processed. 
"deltas" resulting *om These calculations are shovn irl Fable III. 

The 

Multiples ai Recycle aid Ee,ject 1 - 2 4 8 
GP 

1 
2 
4 
8 

2 "00 2 -25 2.83 4.3 

6.OL 6"39 7 ~8 9 .?O 
3*?3 b .03 4.76 6.45 

10.7j II .21 L2.27 14 a 85 

At the extreme., t.Ws showa that if the c.alciilsr.;on of L&oP, equipment, reject, 
and recycle were Lm. error cy fact,or of 
per pound. 

the "delsa" wcu.l& be only $14.85 
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PlutoIlfum and V-233 Values Computed with MET+EAc;ER CHAIN 

Calculations of plutonium value for the five reactors, with most of them 
having six fueling systems, are nearing completion with 35 percent in their 
final form and the rest in various stages of iteratios. 
extension of the analysis reported in HW-72217, "Fuel Cycle Analysis for 

Successive Plutonium Recycle - Part I." 
improvements in the codes and re-evaluating the cases reported in HW-72217 
over a wider parameter range, two additional cycles are considered. 
is named Flutonium Enriched Successive Recycle, which presumes an unlimited 
stockpile of plutonium identical in composition to the plutonium discharged 
from the previous cycle. 
and does not reach an equilibrium ccmrposition, as does successive recycle in 
which the available plutonium limited to the quantity discharged from the 
prevfous cycle. 
U-233 from the previous cycle and U-235 from the cascade as necessary. 
statTds of these computations is summarized in Table N. 

Thfs work is a gross 

Aside fram adoption of logical 

The flrst 

This plutonium is mixed with natural or tails uranium 

The second cycle considered involves thorium enriched with 
The 

TABLE IV 

PROGRESS SHEZT CHAIN MELEAGER CCMPWATIONS* 

FueLing Sys5em 
U-235 Enriched Pu Exriched U-235 Enriched 

Batch Graded Batch Graded Graded Batch 
Reactor PU Recycle Pu Recycle "-233 Recycle 

- - - - Simulat ion 

APWR F 1 F X F X 

BWRW 2 2 2 1 F F 

Hwp. 2 2 2 2 F 2 

GCR 2 2 F 2 F 2 

OMR 2 I F X 1 X 

* synibols used in the Table have the following meanings: 

1 = no iteration 
2 = iterated 
F = no f'urther iteratiot required 
X = not to be investigated 

we There will be many variations made to t.he BWR case including reactor 
parameters as well as economics, 



Prenacue G:! ac3mge 'rice &ilcr;lat io2 

An iavestfqatigc was begun to dete-ne the market, prtce of 3red p1atoA.m 
sufficient. to just:Q~ iixeqtloc of a plenaed imadiarior- &?A premaxre sale 
of the plutorfum md spe=lt urariium, rat,her tk ta await rianzed discharge 
dates. 
for plutonium, it wolfid be more econcmxicd. to reilwe the em%@hment of the 
reactor in subsequex5 Aiel l=adiqs arzd appropr5a:ely mze production for 
this inarket Frice, ?he premature discharge Fr.lc.e rspreser-ta the wor:h of the 
increa.sed exposure ContribLtted l?y $he kre.3 pl~so?-i~m. 
allocated to urasium or special fYssio3 prodwse. 
for plukonium is a f~~et.for of ?ke nuclear perfomce of Tke plctorium in a 
give3 reactor md assumed econdc es.airomen+,, Zt bears little relation to 
the recycle m,liie (FTZ solution;; Fn tfiat, :+. ,doss sot represert opt-& 

reactor operatdon at equilibrium $ut, rather Is it gLde326' for Clynamlc adjust- 
ments if the pl.Xorxi.um market, prfee is subject. ?a hrqe .aforeseer? swlrgs. 

The term -__. ic situ value, has sometines beer_ appiled Co +he pe3la+iue discharge 
plut802=ium price. 
usual ease Lr wf;r?ck the fuel is frrad2asec to a rea.c:rvity i:-mit azd ?.Ms is 
reflected in t.he premtare discharge price fomulatror wne~. eval7ieted for 
eshingiy sa1 ixremen+,e near tne reaezLirlty li.~~.l~,. 

academic in the serise that ~l~~~orium 50 a pot.er-zial rigtorner 15 valued IC 
marketa5le fopm eueh a3 plcionilun dtrate. ?liere are exzeptims %o tU.6 such 
as with fuel reuse ?&weer thermal and fast reacr,orsP E& BS with +,he fuel i~ 
variable speczrwn machikes. However, each of :he oxtept.i~zs does represent, 
chmging the en..rirounem, wMch does cot. quite evaluate c,ke tyye 3f -- 12 situ 
value assoelated with essen+A.ally bumed fuel i,c, a ?-xed la+:::ce sioastim. 
An Icfor!natf*re -- in situ for?aula.t,iorr tar be derived for the hypothetical sima- 
tioE of extecdpng ~t react.int.y lfdted fuel eqosllre 'q- addicg a nx.-i:e amouz? 
Of FhtODim corzespondizg ?3 -Le c~o~~t",c= ar-d io(.%;toC. ~f the ~~s~c-:wI ic 
the osnemise spec% fiel. 

If the ;:renature discharge price shodd become +,he firm market ?rice 

A similar price eouid be 
L%e premature discharge price 

However, tb2s price does 20; represer: -- b 3itl.i value for the 

V_i____. Lr &:.x values are 

Stated foPmalLy, the premture discharge prhe of f's,e Flutozrl-am in reactor 
after an eqosure E is %Le Ut price asslgzed to the ~1li~oriu;n that will 
yield the same fuel cost whether: 
plstolzium sold a; tLe aosigged prtce, or (2; the Sup--trp Fs temina+,ed af%er 
an exposure E C AE ad the p1L~tonlu~ sold for the ass;lgned price Equating 
the expresaioss %ha: ??epreaen-t these alrernatives rill ylve &I eqressior, for 
the pr5matwe d2scharge Frice, 3sr exmipie, if +.?-e filei LOST car- be considered 
as a Fuzc:2oc oaly of the uranlm )3r;~"1~--q tosts, trz p1dtorLm credit. md tne 
jacketicg c0st.s t,kec: 

(1) tke bim-q fs ternnaked and the 
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F = fuel cost, mi~s/k~% 

D = uranium price $/cm 3 

P = plutonium concentration, gram/cm 3 

C = jacketing costs, $/a 3 

x = plutonium price, $/gm 

E = exposure, MWD/Ton 

IC = constant 

o = initial conditions 

e = condition at expoeure E 

Equating this to a similar expression for the fuel cost E +/\E and considering 
the limit asAE + 0 gives an expression that, for a given burn-up situation 
and economic environment, is a function only of the exposure E. This is: 

X= 

Do + C - De + D - me 
dE 

Pe-E- we 

dE 

Prices have been calculated with this formula by constructing polynomial 
expressions for the isotopic corcentrations during burn-up 
permits X to be calculated as a continuous function of exposure.) 
of the prices obtained at the reactivity limited exposure with the recycle 
values (i.e., PWE 2 step values) show that the premature disehsrge prices 
are alwaye substantially higher. Sin'ce this particular formulation is for 
vanishingly small/\E's, data are also being calculated for consideration of 
premature discharge substantially before the planned date. 

(This technique 
Caparisons 

UNCLASSIFIED 



Severa3. dditiosral debs runs were made usixg the Salt Cycle Economics code 
to check ouz various options in the code. 
calculatiom, all features of the code appear to be flu;e-t;iocfng properly. 

On the basis of spot-check haad 

A detailed outlbe of the changes required in the previously prepared 
Conven%ional Reprocessing code for compatibility with the Salt Cycle code has 
been worked out, Euad the process of translating these changes into Port;rm 
language is well along. With continued progress as represented by the recent. 
results, tkts revised code should be ready for use 3y the end of next morAth. 

Radioisotope Studies 

In revfedrig the radioisotupic heat sources which pay most likely be alternstes 
for 3u-238, PIL-147 appears to be the only candidate w-lti?. reasonable expectations 
for recovery frr the near future. 
it is believed that it will be adequate for many applications now considered 
limited to PI-238. 
suSst8ntia.l smrces of Pm-147 aged sufficfentkv to essectially elimicate this 
objectionable isotope are at hand at Hanford. 

Although its half-life is much less (2,5 years), 

Although the gamma emit3ing e0ntaPicm-t: -%-I48 is a prohlen, 

Hanford Science Colloqufum 

Professor ?razeis Birch, Harvard University geophysicist, will address the 
Hanford Science Colloquium on August 29 oc the subject, "The Imernal 
Constitution of the Earth e I' 

Professor Barold Co Urey will address the Hanford ScYence Colloquium OP 
October 2 on the subject, "The Problem of the hw-dazces of the Eiemen%s." 

WK Wocds : Jm 



UMC~SSIFIED 

RADIATION PROTECTION OmTION 
REPORT FOR TEE MONTH OF JULY. 1962 
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A. ORGANIZA!EON AND F'ERSONmEL 

Changes in the work force included the transfer of Robert 0. Budd from 
Missile and Space Vehicle Department into External Lbsimetry, and assign- 
ment of Rose Marie V. Allen (new-hire) to Internal Dosimetry. Sbdrley B. 
Brim resfgned from the Company. 

Occupstional Eqosure Experience 

One new case of plutonium deposition was confirmed by bioassay analyses 

during July. 
occurred at Hanford is 292, of which 210 are currently employed. 

The total number of plutonium deposition cases that have 

The new deposition case resulted from a plutonium oxide contaminated 
injury received by a CPD process operator in the 234-5 Buildingo 
injury occurred when a plutonium casting was unintentionally flung from a 
lathe and sliced through the hood glove and a surgical glove on the nan's 
hand causing the injury. After two excisions, the plutonium in the wound 
was reduced to about one-tenth of the maximum permissible body burden. A 
total of about 1.9 wc Pu was removed from the injury by both excisions (the 
-mum permissible body burden for pU239 is .04 pc). It is not yet pos- 
sible to provide a reliable estimate of the magnitude of the total plutonium 
deposition in the body because of the effect of the administered treatment 
with MTA on excretion rates of plutonium. 

The 

Two additional CPD employees experienced plutonium contamirated wounds. 
Examination with the wound counter revealed 0.026 pc and 1 x le-3 cc@ at 
the wound sites. 
removing the contamination from the wound. 
effective in %he second case. 

In the first case, excision of tissue was successlui in 
Local skin decontaminat'on vas 

There were 12 incidents at the 234-5 Building and 4 incidents in HLO 
facilities which required specfal plutonium bioassay sampiing for 25 
potentially involved employees. 

Two amployees were exposed momentarily to high gam dose rates on the 
front face work platform at the 105-B reactor during the charging of a 
poison column control facility tube with the reactor operating. "he charge 
machine broke free from the ball valve assembly and allowed reactor cooling 
water to flush several poison arid aluminum pieces from the tube, Although 
the men left the work platform immediately, evaluation of the dosimeters 
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which they were wearing indicated gamma doses of 0.78 r and 0.19 r. 
exposure was believed to have resulted from three aluminum pieces that had 
been irradiated about three minutes before the backflow occurred. 

The 

Autoradiographic examination of a radioactive particle detected on the 
foot of a CE&UO plant laundry employee indicated the average dose rate to 
one square centimeter of skin area was about 18 rads/hour. 
five hour maximum estimated time of exposure, the localized dose to the 
skin of a small area on the ankle could have been as high as 90 rads. 

Based on the 

Radiation beams to 1.5 r/hour and extremity doses to 3.2 rads/hour were 
encountered during the extended outage at PRTR. 
gloves was effective in reducfng the extremity exposures 90 percent. 

Use of lead-impregnated 

Activated sodium silicate was accidentally spread over major floor areas 
in the load-out facility, storage basin area, and change room at PRTR result- 
ing in floor contamination to 750 mrads/hok. 
cases of nasal and facial contamination (maximum 30,000 c/m) and seven 
cases of shoe contamination (maximum 1000 c/m) occurred. 
Whole Body Counter indicated no internal deposition occurred. 

During the incident, two 

Examination in the 

Environmental Experience 

Levels of 1131 in local milk returned to normal values of 3 to 4 wc/l 
in early July, following the sharp rise noted last month (&mum of 68 wc/l 
on about June 20, 1962). 
samples for the Pacific Northwest decreased steadily in July. 
average was 3 ppc/m3 noted in June. 

Concentrations of fallout materials in air filter 
The monthly 

A total of 112 fish was taken from Columbia River sampling stations at 
Priest Rapids, Hanford, Ringold, Richland, Burbank and McNary Dam. 

The following produce samples were collected: 55 sets of beef thyroids; 
6 pounds of Willapa Bay oysters; 16 samples of pasture grass; 120 gallons of 
milk; and 30 samples of 18 varieties of vegetables and fruits, 

One aerial monitoring flight was made as part of the background radiation 
study. 

Studies and Improvements 

All of the 30,100 new personnel dosimeters were shipped by the vendor. 
Transportation trays for these dosimeters were also fabrhated and readied 
for routine use. 
preparation for the August 10, 1962, issue date. 

The first 8000 dosimeters were assembled and audited in 
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"he ad hoc committee that is preparing the final dosimetry report of 
the Recuplex incident issued a second draft of the domment, This report 
will be used as an appendix of the main investigating report on the inci- 
dent 

The 0,075" silicon diode neutron dosimeters were irradiated with 0.4 
and 4.0 Mw neutrons to compare the constant voltage and constant current 
readout systems. Three constant currents and five constant voltages were 
used in the study. At constant current, the sensitivity of the diodes 
varies between 0.1 and 0.3 percent change in current per rad, At constant 
voltage, the sensitivity varied from 0.2 to 0.75 percent change in voltage 
per rad. The observed variations were dependent upon the particular diode 
and the voltage or current used. Based on this study, it would be possible 
to detect a dose of 0,2 rads of fast neutrons wth these particular p-type 
silicon diodes 

Equipment and methods for conducting gamma energy studies at field 
locations were assembled and tested during the month. 
radiation exposure experience at Hanford indicates that gam energy 
studies at the production reactors, Purex, Redox, and wrfldings 234-5, 
'231-2, 308, 327 and 326 should be included in the sturLy, A large fraction 
of the total Hanford gamma radiation exposure is obtained in these build- 

A review of gamma 

ings 0 

Several special Columbia River measurements were performed last month 
during and subsequent to the simultaneous outage of all the production 
reactors, Bo change was detected in' the Columbia River temperature at 
300 Area or Bsco Over the temperatures noted while the reactors were 
opera%ing. 
correct by checking against the actual flow time of reactor effluents, 

Fqrecasts of river travel timeawere confirmed to be reasona3ly 

An instrument for measuring the Columbia River elevation was installed 
at +,he PRTEa intake to measure fluctuations in the river level, This device 
coupled with Priest Rapids river flow data should give us additional infor- 
mation on river flow and the times duing which the McN~ry Pool extends to 
the 300 Area, 

A final review of the CPDos hazard analysis was completed and the 
document la now being Issued. 

The Fuels Recycle PSlot Plant (FRPP) design guides for stack emssion 
rates were reviewed and revisedo 
rates for Natural Uranium, Pu239, unknown beta-gamma mxtures, Sr89, Sr9O 
and 11% 

Included were the upper gaseous mission 

A nuclear safety audit of the Calibrations Operatiozz, Radiation Protec- 
tion Operation, was performed on July 31, 1962. 
safety audit of the Experimental Reactors Operat:.on, Phys1,cs and LrLstrvment, 
Research and Development Operation was Issued, 

The report of 9 nilclear 
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Three W-70 air sample filters and one membrane air sample filter were 
autoradiographed for a week to provide an estimate of the number of radio- 
active particles contained. 
in the 231 Building during a plutonium carbide air contamination incident. 
The membrane filter was used in coilecting air from a plutonium carbide 
powder loading hood. Counting in an alpha-beta-gamma air sample counter 
prior to the autoradiographing revealed no detectable beta-gamma activity. 
The radiograph of the filters appeared to indicate a significant difference 
in size between the particles collected in the room during the contamination 
incident and the particles collected in the hood. The majority of the 

particles sampled from the hood were two to five times as large as the ones 
sampled in the room. 
on the radiograph which would appear that the contamination was very finely 
divided material. 

The three HV-70 air sample filters were used 

In addition, the room filter showed an overall haze 

C. VISITS AND VISITORS 

Visitors consulting with members of the Radiation Protection Operation 
staff during the month included: 

D. Wagstaff- - - Oregon State Board. of Health, Salem, Oregon 
G. Barr- - - - - U. S. Public Health Service, Portland, Oregon 
M. Mattys- - - - Euratom 
Bo G. Lindberg - U. So Atomic Energy Commission, Washington, D. C. 
M. Lammering - - U. S. Public Health Service, Cincinnati, Ohio 
We F. Marlow - - U. S. AtomSc Energy Commission, Washington, D. C. 

Visitors who toured the Whole Body Counter and the Bioassay Laboratory 
during the month included: 

6 AEC Management trainees 

Members of the Radiation Protection Operation visiting off-site during 
the month included: 

Go E. Backman - Attended 1962 AEC Ehergency Radiation Monitoring 

E. C. Watson 
Training Course at Sandia Base, Albuquerque, Ekw Mexico 

- Consulted with J. R. Horan and staff at the Idaho 
Operations Office, U.S.A.E.C., Idsho Falls, Idaho 

Do RELATIONS 

Six suggestions were submitted by personnel of the Radiation Protection 
Operation during July. 
Two suggestions are pending evaluation. 

Two suggestions were adopted; five were rejected. 
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Six non-employees were examined in the Whole Body Counter during July. 
Three were housewives, two were children, ad one was an employee of the 
Atomic Energy Commission. 

Radiation orientations were presented to 26 laboratory employees A 
lecture covering the use, function and interpretation of emergency moni- 
toring equipment was presented to 300 Area firemen, A one-hour talk was 
presented to members of the Region 8 AJ3C Off-site Radiological Monitoring 
Assistance Team. 
ing course bringing the total to 179 General Electric and AEC employees 
that have attended the course. Approximately 95 percent of the 300 Area 
radiation monitoring personnel have attended the Emergency Monitoring 
classes 

Fifty-seven persons attended the Disaster Level Monitor- 

E. SIGNIFICANT mPORTS 

HW-72691-6 - "Summary of Radiological Data for the Month of June, 1962", 
by R. F. Foster. 

m-5831~~~~- '%olmbfa River Flow Time Calculation", by J. K* Soldat. 

aW-74518 - - "Monthly Report for July 1962, 'hadiatfon Monitoring Opera- 
tion", by A. J. Stevens., 
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PERSOMIIEIL DOSIMETRY AND RADIOLOGICAL RECORDS 

External Emosure Above Permissible Limits 
Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 
Dosimeters Processed 
Paired Results - 100-280 mr 
Paired Results - Over 280 mr 
Lost Results 

Hanford Beta-Gamma Film Badge Dosimeters 
Film Processed 
Results - loo-300 mrads 
Results - 300-500 mrads 
Results - Over 500 mrads 
Lost Results 
Average Dose Per Film Packet - mrad (ow) 

- mr (4 

Hanford Neutron Film %age Ibsfmeters 

Slow Neutron 
Film Processed 
Results - 50-100 mrem 
Results - loo-300 mrem 
Results - Over 300 mrem 
Lost Results 

Fast Neutron 
Film Processed 
Results - 50-100 mrem 
Results - loo-300 mrem 
Results - Over 300 mrem 
Lost Results 

Hand Checks 
Checks Taken - Alpha 

- Beta-Gsmma 

Skin Contamination 
Plutonium 
Fission Products 
UraniUm 
Tritium 

JdY 1962 to Date 

0 3 
0 3 
0 2 

2,262 21,500 
4 62 
0 8 
0 0 

10,293 67,439 
35 2,239 
28 208 
10 81 
29 170 

21.92 27.18 
12.07 12 073 

734 9,716 
0 9 
0 29 
0 2 

17 35 

214 2,485 
19 342 
73 419 
0 11 

15 15 

35 , 677 219,542 
52,391 368,206 

36 
52 
1 12 
0 0 

I23 t 055 
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Whole Bodv Counter 
GE Employees 

Routine 
Special 
Terminal 
Non -Routi ne 

Non -Employees 
&e-Employment 

Male 

33 
17 
19 
15 
1 
1 

86 

- Female 

4 
0 
1 

2 

5 
4 
i5 

Bioassay 
Confirmed Plutonium Deposition Cases 
Plutonium - Samples Assayed 

Mssion Product - Samples Assayed 
- Results Above 2.2~I.0'~ pc/sample 

July 

37 
17 
20 

17 
6 
5 

102 
- 

1 

99 
13 
61 

- Results Above 3.MO-5 pc/sample 0 
Uranium - Samples Assayed 0 
Biological - Samples Assayed 11 
Strontium-Samples Assayed 0 

1962 to Date 

114 
153 
73 

180 
19 
8 

547 

9+ 
2,627- 
121 

3,275 
15 

1,070 
244 

299 

Uranium Analyses Following Period 
Followlng Exposure of No Exposure 

Units of 10-9 Bc U/CC Units of 10-9 Bc U/CC 

Number Number 
Sample Description Maximum Average Samples Maximum Average Samples 
Fuels Preparation 
Fuels Preparatioe* 
Hanford Laboratories 

Chemical Processing 
Chemical Processiw 
Special Incidents 
Random 

Hanford Laboratories* URANIUM INPUT DID NOT PROCESS. RE- 
SCHEDULED FOR NEXT DAW PROCESSING. 

Tritium Samples 
Urine Samples 

> 5.0 pc/l 

Sample s Assayed 

Moderator 

Reflector 

100 pc/l 

D20 Samples 

primary Coolant 

Maximum Count - To tal 

71 211 
14 

e60 

720.6 pc/d 10 
249.6 pc/d 4 
79805 W/ml. 10 

24 

142 
m 

Other Water Samples 
NO, 3018-37-08 299 W 22-14 0.1887 pc/d 

* The total nmber of plutonium deposition cases which have occurred at 

*Samples taken prior to and after a specific job during work week. 
Hanford is now 292, of which 210 are currently employed, 
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Calibrations 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

Personnel Meters 
€!adge Film 
Pencils 
Other 

Miscellaneous Special Services 
Total Number of Calibrations 

Number of Units Calibrated 

July 1962 to hte 

972 
253 
544 
137 
102 

2,008 

2,484 - 
260 

m 
1,411 
6,163 

7,032 
1,910 
3,892 
1,336 
728 

14,898 

11,896 
12,670 

#g 
7,279 
49,560 

WIkCION PROTECTION 

AR Keene:ljw 

7 
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FINAIp%$ AND AIMXNISIIIATION 

Hw-74522 

Cost Accounting 

The FY 1963 control budget used in July reporting was the interim financial 
plan received from HOO-AEC the first of the month. Details of the financial 
plan were made available to Banford Iaboratories' management, program levels 
reviewed, and comments transmitted to Contract Accounting. 
operating cost budget for FY 1963 totals $28,04g,OOO. 
budgets for capital equipment by program are as follows: 

The tentative 
Tentative control 

02 Program $1 600 000 
03 program. 100 000 
04 Program 1 200 000 
05 Program u.5 000 
06 Program 262 ooo 

Total $3 277 000 

A proposed allocation of the financial plan by the General Manager-HAPo to 
Henford Iaboratories follows: 

1. AU. funds for 04, 05, and 06 Programs were allocated to 
Hanford Laboratories. 

2. 02 Program research and development fbds allocated to 
Hanford Laboratories are detailed below: 

Thousands 
of Douars 

FLutonium Nuclear Safety $ 375 
Columbia River Studies 109 
Separations Development 350 
Metallurgical Development 135 
Reactor Technology Development 100 

Total $1 069 

3. The 03 Program research and development allocation to Hanford 
Laboratories is $175,000. 

As an interim authorization, $80,000 of the $250,000 total authorization for 
FY 1963 research and development support for Project Whitney has been received 
from UCLRL. No accompanying authorization for capital equipment purchased has 
been received. An authorfzation of $100,000 was received to cover eoject 
Whitney fabrication work during the six-month period ending December 31, 1962. 
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F'unds allocated by the EAPO General Manager to the Iaboratories for atten- 
dance at professional and trade societies and at ,off-site courses and 
seminars in Fy 1963 amount to $53,500 and $4,400, respectively. 
fessional and trade society funds were in turn allocated to Hanford Iabora- 
tories' sections. 

Special requests established during the month are listed below: 

The pro- 

Accounting 
Code 

6B 

e 6D 

02A 

The following 

New Codes 

7124 - 
7626 - 

Activity 

Development of dome-type pressure tube closure for UW/ 
AECL cooperative program. 
and the program should be completed in Fy 1963. 

Boiling burnout without a wire W~EP for the UW/AECL 
cooperative programo 

$75,000 0 

Fbg cooling of fie1 elements for the UGAwI/AECL cooperative 
propamo FY 1963 authorized amoupt is $~OO,OOO. 

estimated cost is $20,000 

FY 1963 funds authorized amount to 

R. J. Sloat - Participation at APED in an evaluation of 
the engineering aspects of the development of processing 
UF6 to UOee 

Packaging and handling charges for shipment of an excess 
tensile testing machine to University of California, 
fawrence Radiation faboratory at Livermore, California. 
Estimated cost - $350. 
S. H. Bush - Participation in a continuing review of the 
technical audit of superheat problems at APEDo 

Argonne National Laboratory - Pyrophoricity Studies. 
Additional authorization - $20, 000 

organizational code changes became effective July 1, 1962: 

visual Displays ' 

Waste Calcination Demonstration 
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Cancelled Codes 

7123 - Advanced mineering Courses 
7523 - Shielding Functions 

End function program code changes during +,he month were: 

Code - ntle - Remarks 

083 Mechanism of Graphite Damage Program cancelled. 

0 72 Columbia River Studies 

0 73 Plutonium Nuclear Safety 

New research and development 
program sponsored by the 
Division of Production. 

Program sponsored by Division 
of Production; in FY 1962 was 
a portion of CPD sponsored 
f'unds a 

0 74 Reactor Technology Development Title changed From Pile 
Technology Development 

019 Plutonium ceramfcs Title changed fkom Plutonium 
Utilization. 

Outstanding routine work orders were reviewed wfth Laboratoriesf field per- 
sonnel. Required cancellations, code revisions, and reissuances have been 
completed 

Rwation of a budget booklet for use by &ford Laboratories' maaagement is 
expected to be completed in the ne= future. 

General Accounting 

Followfng is a 8- of the status of letters or agreements covering specific 
actions requiring AEC concurrence: 

AT-244 Pa;rtfeipat.ion in Wallows County Returned mapproved 
Educational Day Camp ~~ly 13, 1962 

AT-246 Special Science seminars 

AT-247 Participation in Standazdizing 
Activities 

Approved June 8, 1962 
(Not May 23 as reported 
last month] 

Approved May 29, 1962 
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AT-256 Participation in Standardizing In Process 
Activities 

AT-252 Miniature Swine for Colorado To AEC August 6, 1962 
State University 

Agreement No. AT-6 requests from the Commission follow: 

eaining of Euratom Health Physicist at EIanford 

liabrication of he1 Element Plates for University of Washington 

Development of Dome-Type Pressure Tube Closure Seal for USAEC/AECL 
Cooperative Program 

With the cooperation of representatives from each section, information on 
committees and group activities of Hanford Iaboratories' personnel was com- 
piled and forwarded to Counsel's office for review. 
still in progress, to determine the status of these activlties ip relation 
to President Kennedy's Fkecutive Order 11007 on Government Advisory Commlttees. 

This is pqt of a study, 

Total investment in Hanford Iaboratories' Plant and EQuipment in Service at 
July 1, 1962 amounted to $69.6 million compared to $67.3 million at July 1, 
1961. 
million transferred from Work In Progress Accounts, $.7 million for equipment 
transferred from University of California - kwrence Radiation Iaboratory, 
$3.7 million representing major projects such as Structural Material Irradi- 

ation Testing Equipment - G1R, kdiflcations and Additions to High Pressure 
Heat Transfer Apparatus - 189-~ Building, additional billing6 to PRlR and 
PFPP and other projects of lesser etude. 
ing FY 1962 was the transfer of Hot Semi-works ($4.5 million) to CPD. 

The net increase of $2.3 million includes equipment valued at $2.4 

The major offsetting entry dur- 

The following is a summary of Hanford Lsboratorles' plant investment at 
July 1, 1962. 

(bunts in ~housands) 

Equipment 42 329 

Improvement to Land 88 

-ding and Structures $8 146 

Utilities 22 

At June 30, 1962, Hanford Laboratories had 17,828 individually controlled 
items on record, including both movable and fixed plant and equipment. 
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The Laboratory Equipment Pooi has Seen requested to provtde storage space 
for approximately 25 tons of structural materials. This msterial will be 
used by the Physical Metallurgy Operation on the studies of irradiation 
effects on reactor structural materials sponsored by the Division of 
Reactor Development. 
program with Hanford Laboratories acting as the coordmator. Hanford 
Laboratories' responsibilities include the proellrement, storage, and dis- 
bursement of structural materials of general program interest to each 
participating site. Approximately ten alloys in various shapes and sizes 
are expected on-site within the next two months" !The Bo1 presently con- 
tains approximately 35 tons of Haatalloy also to be used in this program. 
The Laboratory Pool facility is expected to provide suitable accountability 
procedures including records which will show weight, heat number and piece 
number 

Nine research laboratories are participating in this 

The physical inventory of movable catalogued equipment In the eustoqy of 
Reactor and Fuels Research and Development Operation is progressing on 
schedule. The inventory count started on July 5, 1962 sad K131 continue 
through October 1962. 

Hanford Laboratories investment in materials at July 1, 1962 totaled $25-2 
million as shown below: 

(hunts in ~housands) 

ss MatePisl $2& I.,@ 
Reactor and Other Special kterials 
Spare Faxts 32L -1) 

71cL 

4$25 2.16 

(1- Includes a reserve established at July 1, 1962 
of $81,062" 

Total HAP0 Nuclear Materials Consumed in Resewch for the fiscal year emied 
June 30, 1962, is $k02 Ulon of which $3.7 million is applicable to Hanford 
Laboratories and million to Fuels Preperatlon Department. "he increase 
of $1.7 million applicable to Word Laboratories resulted FrlmaPily from 
devaluation of research and development materid assigned TO the PR'lE" 
detail of the Word Laboratories' portion by program snows: 

A 

(Amounts in Millions) 

2000 Program 
3000 PPO~P~ 

4000 ProgPsm 
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The transfer of certain plant facilities from Fuels Preparation Department to 
Eanford Laboratories included transfer of 550 movable capital equipment items 
valued at approximately $230,000 in July. Remaining equipment will be trans- 
ferred during August. 

Based on an analysis made by the Sad River Operations Office of heavy 
water shipped there during May 1962, an adjustment charge of $6,180 was made 
to operating cost during the month of July. 
shipped, whereas SRoo analysis indicates 20,567 pounds received - a variance 

Our records show 20,908 pounds 

of 342 pounds. 

A fmmmry of Laboratory Equipment and Material Pool activity for the month 
ending July 31, 1962 follows: 

Equipment 

Items received 
Withdrawals by custodians 

Quantity 

60 
15 

value 

$ 28 572 
6 339 

Equipment reassigned 

Total equipment items on 

(1- Includes 140 items on loan valued at $62,999. 

(purchased elated) 25 14 701 

hand at July 31, 1962 1ll2 574 110 -1) 

The inventory of materials in the Laboratory Pool at month end was comprised 
of the following: 

Material 

Beryllium 
Gold 
PalLadiUm 
Platinum 
Clean scrap 
Contaminated scrap 
Silver 
Hamum 
zirconium 

Quantity 

1 035 grams 
2 182 grams 
2 224 grams 
1 896 grams 

10 grams 

6 703 gr- 
6 633 grams 
2 939 eras 
5 443 lbs. 

Value - 
$ 592 

2 924 
2 535 
5 537 

29 
19 573 

463 
1499 

xEiI2 

140 727 

convenience of others 148 838 
All other material held for the 

Total value of material held 



During the month 18 Zfrcaloy-2 ingots (3,886 pmnds) were shipped to 
Wolverine Tube Compaq for use on IPD P.Oo H2K-33584. 
($11,658) was backcharged to create an accounts receivable item for billing 
to Wolverine Tube Company on their P.O. 9085-Do 
Zircaloy-3 ingots (5,862 pourds) and 14,249 pounds of zirconium scrap 
accumulated at the Laboratory Pool were forwarded to Central Stores for 
disposition. 

Tlae dollar value 

In addition 30 excess 

During FY 1962 Reactor and Other Special %terids received at the Laboratory 
Pool totaled $361,325 while $269,238 worth of mcli materials was disbursed 
during the same periodo 

Action as indicated occurred on the following projects durilzg the month: 

New Money Authorized Hanf'ord Xaboratories 

CAH-916 Fuels Recycle Fllot Plant $40 000 

Laboratory, 308 Building e 000 
CAH-962 Law Level Radiochemistry Building 31. 000 

W-958 Plutonium Fuels Testing and Ebaluation 

The following contracts were processed during rhe month: 

SA-227 

CA-339 
DnW-157 

. DIpi-156 
a-3163 

~m-152 
CEA- 34 
~1x3-138 

CA-3h2 

CA-345 

Bowen Engineering Incorporated 
E. dFQ Lingafelter' 
Eattelle Memorial Institute 
Amour Research Foundation 
The Sheffield Corporation 
American Machine & Foundry eou, AE%F Atomiea Division 
Oregon Metallurgical Corporariom 
€Io A. Laitinen 
Battelle Memorial Institute 3,pp. Moo 1 
Ju KO Mfnasim 

OPGs issued in July are listed below: 

Title - OPG No. 

3.4.m 
7 010 Weapon Data 
x.02 Mumerf@a.l Index 
22.~5 Biology Operation 

Reduction of Force--Weekly Salaried EInpPayses 

Functional 0x69 for all level 3 mamqprzj ana apeciailsta with the exception 
of Physics and Iastment Research and Deve.iopmem were Poxwarded to :he 
Maaager - Emford Labora.tori.es for approvalu 
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As of the first. of fiscal year 1963 there were 130 off-site contracts, 
including consulting agreements, in force at Hanford. 
sponsoring component is tabulated below. 

The distribution by 

Component 

ElLo 
cE&uo 
IPD 
R&OHO 
FPD 
C&AO 
CPD 

Total 

Personnel Accounting 

lJrmiber of 
Contracts 

52 
30 
23 
9 
7 
5 
4 - 

Number of Hanford Laboratories Employees 
Changes During Month 

Rnployees on payroll at beginning of month 
Additions and transfers in 
Removals and transfers out 

Eqloyees on payroll at end of month 

. Overtime Payments Duriw Month 

Exempt 
Nonexempt 

Total 

Gross Payroll Paid Durinpl Month 

Exempt 
Nonexempt 

Total 

4 of 
Total 

40 
23 
18 
7 
5 
4 

3 

- 

100 - 

$ 667441 

$1 103 692 

436 251 

Exempt Nonexempt 

813 
10 
10 

699 
14 
10 - - 

June 

$ 7 239 
ZGB 

$ 640 067 
560 622 

$1200 689 
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Fmticipation in Employee Benefit 
Plans at Month Ebd 

Pension 
Insurance Plan - Personal 

uo so savings Bonds 

- Dependent 

Stock Bonus Plan 
Savings and Security PLm 
savings plan 

mod Neighbor Fund 

Insurance Claims 
Ehployee Benefits 

Life Insurance 
Weekly Sickness &Accident 
Comprehensive Medical 

Dependent Benef it s 

. Comprehensive Medical 

Total 

July 

Number Percent 

1 332 
376 

1 099 

88 
1 133 

72 
989 

Number 

I 
7 
32 

90 

130 

99.1 

9909 

38.1 
88.3 
4.7 

65.2 

Amount 

$23 129 
820 

2 987 

7 u7 - 
$34 423 

June 
M;mber Percent 

Ehtployee Relations 

Sfx+,een nonexempt. employment requisitions were 
remaining to be filled. 

filled during June with tlairteec 

Two PEM classes and one BOCE class will be conducted thls fall. 
have beec named and all. arrangements completed except selection of instructors- 

Class membeps 

Pro 9 essiolaal Placement 

Advanced Degree - Four %.Do applicants vfeited HAP0 for employment imervlews. 
Four offers were extended; Pour acceptances and nine rejections were received” 
Current open offers total five. 

BS/MS - huoinq the month eight direct placement offers were extended; seven 
acceptances and two rejections were received. 
At month’s end, four direct placement and eight program 0ffez.s were open. 

Mve program offers were made. 
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Technical. Graduate Program - Six Technical Graduates were placed on per- 
manent assignment; eight members were added to the roll and two terminated. 
Current program members total 56. 

Technical Information 

The first quarterly report for the Division of Reactor Development covering 
January-Miu-ch 1962 was completed. 

ECONOMIC EVALUATIO~S 

A comprehensive analysis was made of Part IV, the complete cost structure of 
H. E. Hanthornts fuel fabrication plant study which is scheduled to be issued 
as "Calculated Cost of Fabrication of plutonium Ebriched Fuel Elements." 
Based on 10-12 statistical. guidelines derived from other manufacturing busi- 
nesses, especially composite Metals Fabrication Industry, the hypothetical 
fabrication plants and costs appear reasonable, provided the suppositional 
yield ratios and consequent direct labor man power requirements are realistic. 

There was one significant omission in the calculations which when corrected 
increased the amouzlt of return on investment. Other criticisms of the cost 
data are of a minor and compensating nature. 

A complete cost recast from f'unctional to fixed and variable classifications 
was completed for the 19-rod U and Pu enriched plants as a base case for -0- 
grannafng Operation's fuel element fabrication computer code, 
designed to analyze the effect on unit production costs of significant vari- 
ations in yield and recycle rates and in labor and equipment costs. 

This code is 

The differences in cost of working capital between leased and owned nuclear 
material during the irradiation period were investigated with R. W. McKee 
fn order to resolve logical decisions for his comparative ecomdcs com- 
puter prog~am. 
investment were developed in order to complete equations for calculating this 

&ample6 of the cash flow and consequent average inventory 

important cost. 

Additional progress was made on the middle portion of a major report on 
"Nuclear Cost EstFmating and Electric Utility Economics a " 

PROCEDURES 

Haaford Iaboratories' secretaries were informed by letter that a two-week 
sampling of 300 Area duplicating orders indicated that little thought is 
being given to the cost and work savlng benefits of reproducing on both 
sides of each sheet of copy paper. 
office procedure improvements was encouraged. 

Their consideration of this and other 

1231011 
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FACILITIES ENGINEWING 

Prog ects 

At month end Bcilities Engineering Operation was responsible for 13 active 
projects having total authorized f'unds in the amount of $2,744,600. 
total estimated cost of these projects is $9,117,000. 
projects through June 30, 1962 were $1,484,000. 

The 
Ekpenditures on these 

The following summarizes project activity in July: 

Number of authorized projects at month's end ---------------- 13 

New Projects awaiting AEC authorization ..................... 
W-9'77, FBcility for Radioactive Wticle Inhalat-ion Studies 

1 

Project proposals complete or nearing completion ------------ 5 
Addition to Radionuclide Facilities 
307 Basin Expansion 
Additions to the 222-U Building 
Neutron Calibration Facility - 3745-A Bullding 
Graphite Machine Shop 

Pages appended to thfs report provide detailed project atatus information. 

Services 

Satisfactory progress was made in the engineering services provided on the 
following jobs: 

Proposed 300 Area analog sirmrlation facility 
Split-half machine 
Controlled environment facility - 108-F Building 

Pressure system assistance was prodded on: 

Operating procedures for autoclaves in CF-25 Building 
A review of t.he Iiaborat.ories Pressure System Manual 
The Tube Burst Tes% Facility vessel 

UNCLASSIFIED 
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Technical Shops code compliance problems 
The testing of the visible fuel rupture autoclave 
The design of a high temperature uranium test f'urnace 
Third Party inspection of five PRTR vessels 

Plant Ehgineering effort was expended on: 

308 Ventilation system instrumentation modification 
325 Ceramic Fuels Area air conditioner 
309 M & M Building office addition 
325 Second floor office addition survey 
3760 Northwest corner conference room noise diff'users 
325 Analytical laboratory glove box fabrication 
325 Laboratory vacuum pump replacement 
325 Decontamination facility installation 
321-A Electrical load survey 
308 Emergency power tie-in 
327 Fifteen ton crane operability 
327 Critical incident alarm plannlng 
108-F Transformer addition 
100-F Animal fm expassion and relocation of electrical lines and 

substat ions 
231-2 Fire, criticality and evacuation alarm standardization 

Maintenance and Operation 

Costs for June were $151,526 bringing FY 1962 costs to a total of $1,751,925 
or 984 of budget. The construction strike together with a significant refund 
from Fuels Preparation Department for previous overliquidations accounted for 
most of the underrun. Despite the strike, imprpvement maintenance costs were 
$20,456. 

The following tabulation summarizes waste disposal operations: 

June - May 

Concrete Barrels 4 3 
hadlugger s 1 4 
Crib Waste (gallons) 300, ooo 240,000 

kaf tin& 

The equivalent of 1% drawings were produced during the month for an average 
of 21.6 man-hours per drawing. 
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hjor jobs in progress are: 
HiTR seven-rod fuel element, AiTR shim-rod control, electrical resistivity 
sample holder, scintillation scamer housing, cladding cutter assembly for 
HZ'PR, remote welding chamber, Mark 1-H fuel element end bracket, and PRTR 
borescope. 

280 T extrusion press, PRTR "as-builts," new 

Construction 

There were 97 existing J. A. Jones Cow orders at the beginning of the 
month xith a total unexpepded balance of $175,719. 
seven new orders, five supplements and adjustments for underruns amounted 
to $72,047. 
backlog at month's end was $182,462. 

One hundred and twenty- 

Total J. A. Jones Expenditures during the month were $65,304. 

Uo~d Laboratories 
Unexpended 

l?ahnce 

Orders outstanding beginning of month . $175 719 

J. A. Jones Expenditures during month 

Balance at month's end 

Issued during the month (inc sup. & adj ) 72 047 

(inc. C.O. costs) 65 304 
182 462 

Orders closed during month 148 896 

Maintenance W.O. total 7 - Face Value $23,000. 
Construction and maintenance activities completed during July included: 

141-C/lkl-F Install desert coolers 
309 Electrical and mechanical modifications to rupture loop 
309 ModiQ P€tm storage basin crane 
325 Reroute waste line; install pump and hold-up tank 
325 Install eLectrical service and base work for calciner 
305-B Install air conditioner 

Manager 
finance ami Administration 

W Sale:whm 

UMCLASSIFIED 
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TR&AO-= - SZh2VelJr 
MAN PO WE R 

FIXED PRICE 

30ST PLUS FIXED CLE 

PLANT ?ORCES 

kRCUITECT- ENOINEER 

DESIGN ENGINEERING OPERATlON 

OE FiELD ENGINEERING 

SCOPE, PURPOSE, STATUS b PROGRESS 

Struthem Wells' estimate for heater completion by August 3, 1962, gppeaFs fim. 

Project. Proposal CAH-822, Rcvisfcn V, has been forwarded to HOO-AEC for qqmxd.. 
This rev-sion requests extension of completion date to 12-3-62 with no increme 
in projezt funds. 

Firsf gas bearing blower eche&Aed for test on July 16, 1962. 

*Initid acthorfzn+uion date was December 18, 1958. 

Earliest completion 

of both miss iti. still 8-15-62. 

d 

FIXED PRICE 

cosr PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESI QN EN GIN EERlN G OPERA TlON 

GE FIELD ENGINEERING 

SCOPE, PURPOSE, STATUS L PROGRESS 
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ARCHITECT- LNOINLLR 

DLSlON ENQINLKRINO OPERATION 

OC WCLO ENOINCERtNQ 

GENERAL €LE 

COST CLUS PlXCD VEL 

PLANT CORCCS 

PF 

833 CPFF 18 9# 3 

Ewh. 82 3 9 

FP 

This 3ro:eet will pmvide facilities for detewfnbg shysic& and mechanical. ?%perties 
of irradiated ma%eFl,al@, and involves the installation of a :ell in The 327 3~5l3.ng. 

Current est-+& of Title I and I1 costs - $55,000. 

Pxcz,-ement and construz%lon authorized 9-22-61. 

Basemelit ikar and fouulation ccncrete work is completed. 
untii -:ell assembiy is delivered. 

Detailed desS-gn 9tar%cd 4-1-60.. 

Construction \as s-i,cy.?erl 

mber zf purchase orbrs required 19 Value !Es+,.) $253,OOo?cc 
-amber ef puxhase orders placed 19 Value 203,789 

ConeL,r;c%cn is planned to res-~me 7-27-62 based on agreement with %le U. S 
Company That delivery of the c%ll assembly will be made 9-1-62, i.o.F_. 
excqt, for the eouth panel, which will come 9-a-62. 

S*.eel 

Lhrgeios, 

* Osi@al authorization ?or design was October 1, 1959. 
*Zxhdes delivery ,zharges, inspection and conwngency. 
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ClXED PRICE 

COST PLUS FIXED CEE 

PLANT CORCES 

ARCMITECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

OE CIELD ENGINEERING 

This pm2eet will al;ow greater capacity for anal*ical work involving toby's 
more highly raCoact8vc solutions and consists of adding a shielded laboratory 

Directive Nc. BW-495, Mod.. No. 4, dated July 10, 1962 changed the project completion 
date %o November 25, 1962. A Work Authority is expected increasing General E1ectri.c'~ 
au+,horiza*ion on FielS Engineering by $7,000. 

Cell.Lngs and walh were pLastered where required. 

Cell partitims ant window installations were completed. 

VertLlaCYion 3ie-Lris were made and eleztrical building tie-in is schedule for 
July 28, 1962. 

* Original &i%mriz.aticn for ~reliminarp design was August 12, 1959. 

I 

I 

i 

I' 



'PBBPAO-HEZO - PC walkup 

COST PLUS FIXED FLL 

PLANT FORCLS 

h RCHI TEC T- EN GI NLER 

DESI ON ENGl N E E RI N G 0 PER ATION 

GE F1ELD ENGINEERING 

MAN POW E R 

ClXLD PRICE 

10 2290 CONST. 100 x)o 99 
2 130 50 

57 100 98 
FP (lj 12 100 103 

(2) 31 109 99 

PF 

CPFF 

I I 

COST & COMM. TO s 
ALC S 

CONST. s CE s 

LUTHORIZED FUNDS 

ESTIMATED TOTAL COST 

II -__.- It _^.._. --r 
DATE AUTHORIZED 

T*HTING  DESIGN - 

PROJ. NO. TITLE 

&.IDESIGN 

DATES CONST. --I ICONST. IIDIR. COMP. DATE 

ENOINEER 

MANPOWER 

PERCENT CVMFLClC 

WT'D. SCHED. ACTUAL 

DESIGN 
1 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESION ENGINEERING OPERATION 

GE FIELD ENGINEERING 

SCOPE, PURPOSE, STATUS L PROGRESS 

AVERAGE 



ECTRlC CO. - 

SCOPE, PURPOSE. STATUI k PROGRESS 

This Frojest provides additional space for biological reeearch SrrPpO=tbg ~$ervlces, 
and involves an addition %o the 138-F Building. 

?he 100 Area shutdowns caused work stoppage on installation of the Radiation Hlndling 
Facilities. 
completion. 
hung from .&he ceiling. 

Checking oct and tieing in the console-instrument wiring is nov searing 
The storage shield is in place and the control rod assembly hrs been 

The Lump Brtm Ccntractor is 4in Fmcese of ordering vinyl rloor covering for conference- 
room an& 8ecretary’~ office. Minor Construction is to furnish an estbmte of eost fer 
replacing the exhaust fan motor sheave for reducing fan speed and also rebalancing 
flrst an9 thira floor. This is to rehce the noise level. 

The paint manufacturer h8E been requestedto recommend and epecify sealant and paint 
for pumice block walls to prevent moigture absorption. 
we underway by CPFT Construction Sehdiiac Contractor. 

Completion of other exceptions - 
* Original authorization for design was May 3, 1960. 
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2 THORlZLD FUNDS 

STARTING 

flXLD PRICE 

COST PLUS FIXED CLE 

PLANT CORCES 

ARCHITECT- ENOINLKR 

DLIION ENGINEERING OPERATION 

GE CIELD ENGINEERING 

SCOPE, PURPOSE. STATUS b PROORLSS 

Thfs pmjec.$ is tc ~mvPde a facility to perform a IrA.1 sccpe of engineerbq L,a3% 

and pi35 phut stu.liea associated with fuel reprocess'ag zoncqts. 

Design effort on the project has been recluzed In the laud; mEth pcneng firmFng '.rp of 
the scope criteria on the waste calcination proposal and to make changes to design to 
reduce $hi estimate to $5,300,000. 



I GENERA, ---- 
I I _-.--..-- 

A mee5:ing is befng requested vith t'ce Commission to resolve qyeztLons &evelope3 
at6 the A?28 Review Board meeting of 7-19-62. 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEERING 

This pxt Ject pr?-Pldes Z3cilit.Fes fsr pilot piant developme"t cf &con%emlnat:',on 
pmcesses for intermediate level chemfcal processing pLant waste for safe ascharge 
to tbe plan5 ecvirons. DsiG was accomplished 'ty the %-\a7 Engi%eer'z. 

A reirision Na. 3 to the pvject ~r~posal he been subrrltfe0, xepes;-',icg extezsim. 
of the campletion date to 19-31-62 because of the s%rike& whfzh started 5-16-62 ane 
en3.ed 7-23-62. 



COST PLUI FIXED FEE 

PLANT CORCES 

hRCHlTECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

GE CIELD ENGINEERING 

- CPFF 

FP 2'3 .4 i0 102 k,.? 

SCOPE. PURPOSE. STATUS b PROGRESS 



ENGINEER 

The flosr was at, dra*A lines roughed in and the fbor patzhhed. Electricians 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION (m) lo 
I GE FIELD ENGINEERING 

I 

SCOPE. PURPOSE, STATUS b PRoeuEas 

E- TIT. I I 

I I I 

II I I I I 

/I FP 

I 

wastes 

Ccnstruct'on vas started by J. A. Jmes Construction Cmrpany iorzes on Pzly 6, 1962. 
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FEGr - OM LYSO 
AVERAGE ACCW MANDAYS 

m AN Pow€ R 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

! 

TITLE I 

GE-TIT*lI .- 

AE- TIT. I I 

CONST. 100 

PF 

PROJ. NO. 

I I ARCHITECT- ENGINEER I I I 

I I I 

TITLE 

DESIGN ENGINEERING OPERATION 

GE FIELO ENGINEERING 

-..-...--.. 

AVERAGE ACCUM MANDAYS MAN PO w €R 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERINQ OPERATION 

GE FIELD ENGINEERING 

- TITLE I 

GE-TIT.11 

AE- TIT. I I 

- 

CONST. 1 
- 

PF 

CPFF 

FP 

COST & COMM. TO 
I 

AUTHORIZED FUNDS 

I 

DATE AUTHORIZED 

DIR. COMP. DATE 11 DATES ICONST. 

STARTING DESIGN 

CONST. 

FN diu c co 

I 
~ I 

I 1 II I 
I 

SCOPE. PURPOSE, STATUS b PROGRESS 

I23 io30 



E.& 
HW- 74522 

SEMI - MONTHLY PROJECT STATUS REPORT 

I 

ITARTING 

FEO - KA Clark 
AVERAGE Y ANPOWE R 

FIXED PRICE 

COST PLUS PIXPD FEE 

PLANT FORCCS 

ARCHITECT- ENGINEER 

DESI QN EN 01 NE ERIN G 0 PER AT ION 

GE WELD ENQlNEERING I 
IICPFF I I I 
11 FP I I I 

SCOPE. PURPOSE. STATUS L PROGRESS 

This pmjeet. prcv',&~ a b.xLli3ng in which exkemely raenrsitive radioanalyses and 
metnods devehplpni can be performe8 Fn 821 atmqhere FroA&caRd from the environs. 
It conshte of deEignFng and constructing a building housing gpproldaate~r 22,000 
6q.are feet. of flocr area including the basement. 

khe project p-nprrsd requesting $113,000 total design funds was submitted 4x1 +he AEC9 
tor autho=.iza+ion on -~pril 30, 1962. 

Directive NC. AEC-207, dated June 28, 1962 authorizing HOO-AEC total design fUnds 
in the am~mt of $113,000 has been issued. 



f 

ESTIMATED TO 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEERING 

n 
CONST. 100 10 

CPFF 2 i A 

9 

PF 

1 

98 13 FP 

". 
Appractnately 4CO feet of holeba-rc been drilled to date. EdLt5errs and heayy gzawi 

bave sicwe& &iUb,g speed. 

FIXED PRICE 

Contractor has 3rd drilling rig 03 well site 67-86. 

AE- TIT. I I 

I 

__~ 

PROJ. NO. I TITLE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

CONST. 

CPFF 

/I FP 

GE FIELD ENGINEERING I 

SCOPE, PURPOSE. STATUS b PROGRESS 

This prcjeck will prmide additional facilities essential tc the con&;% sf Blchgy 
rpasarth programs fnrvclving the effects of inhaled radioactive partfcle~. It cai.11 
caqris? an adition to the lkb-F Building consisting of a=pprs&~a3ely 2rS0 3~x.r~ 

feet of bdcsr dog pens ana supporting facilities snd apFxximately 2200 mcee feac 

The przqosal was stdmitted to the AgC on 6-29-62. 

Ap~roval by AEC Review Board on 7-19-62 was deferred for stady of dztaflcil Z:S;S mi 
corstrxti 311 

* Based upn AEC gpproval by AugJst 15) 1962. 

of 32taide dog ms. 
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TEST REACTOR AND AUXILIARIES OPEEULTION 

JULY 1962 

PLuTONIuM REC'YCIE PROGRAM i' 

Plutonium Recycle Test Reactor 

Operation 

The reactor was shut down the entire month to effect repairs to the 
damaged flow straightening vanes noted late in June. 
discharge and draining of the primary system was accomplished without 
incident. 
system conditions to inspect and clean the primary system of all foreign 
objects, conduct a total power failure test, containment tests, and 
special process evaluation tests. 

The primary system was refilled and the reactor was charged with startup 
activities undernay at month end. 

%O inventories indicated a net gain of 663 pounds which is a reflection 
on the June inventory. 
Helium losses were 28,800 scf. 

Complete reactor 

During various stages of the outage, advantage was taken of 

Net loss for June and July was 3p031 pounds. 

Equipment Expe rience 

One of the flow straightening vanes which consisted of 10 gage sheets, 
2 feet long with unsupported widths of approximately 6 inches was found 
to have cm loose. Five major 
pieces of the vane were found and determined to be all of the vane. 
One short section was still intact in the vane assembly, one large section 
was lying in the vane assembly, two trianglar (~4" x 6") were located 
in the lower ring header, and one small (-1'' x 2") piece was located in 
a process tube jumper. The replacement assenibly was made up of a bundle 
of 2" stainless steel tubing, 2 feet long. 

Failure was attributed to fatigue. 

Other foreign particles were found in two inlet header angle valves, and 
another angle valve was repired. Fourteen additional angle valves were 
repacked. 

Two pressurizer pressure relief valves were overhauled. 
one of the valves had a surface crack. 

The spring from 

UNCLASSIFIED 
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The 14" motor operated discharge valve was completely disassembled for 
inspection and repair. 

About 50% of a planned wiring improvement program in the control room 
was completed during the month. 
ling a better quality wire marker on about 1500 wires (old gum type labels 
were becoming illegible or falling off), removing a-bOUt 70 unused wires and 
rerouting others for easier and quicker trouble-shooting. 

The improvemnt program involves instal- 

The 2400 volt cable to primary pump motor #3 (single speed) shorted during 
startup activities destroying a section of the cable. 
where the molded rubber plug is vulcanized to the cable insulation. The 
cable had been in use only a short tinre. 
and all three motors and the wiring between the motors and breakers were 
"mgged" to ground as we11 as phase to phase. 
damage occurred to the motor, its connection box or its breaker. 

The short occurred 

A spare new cable was installed 

No defects were found. No 

Programma maintenance required 633 man hours or 12s of the total available 
man hours. 

Improvemnt Work Status (significant items ) 

Work Completed : 

Modification of primary pump discharge check valves* 
Modification of the pump by-pass check valve* 
Installation of improved primary system drain provisions* 
Removal of abandoned prinrary system injection check valve and instal- 

lation of 4" header for future use* 
Shim rod readout modification 
Rupture monitor sample line changes 
Modification to storage basin crane 

Qese items were perfomd to take advan-& of the 
-drained primary system condition 

Work Partially Completed: 

Safety circuit ground and low voltage detector 
Outlet nozzle cap Edification (now 9046) 
Fueling vehicle hoist modification 
Primary oxygen analyzer installation 
Core blanket system piping modLfications 
Flanges for safety relief valves in helium system 
Chain barricade for rotating shield 
Fuel transfer pit hoist drain 

- 85$ 

UNCLASSIFIED 
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Design Work Cmpleted: 

Enlarge chemical feed system 
Ikcontamination facility 
Primary pump recording ammters 
High pressure helium campressor inter-after cooler relief 
Outlet nozzle bracing 
Modification to helium valve stems 
Interlock between charge - discharge machfne, shroud seat and dis- 

charge hoist 
Control room ventilation scope 
'&id exhaust air activity channel 
Fuel transfer system mcdif ications 
&sign Work Fartially Complete: 

Additional fuel storage and examination 
Oil storage building 
Boiler feed pump seals 
Compressed air swply revisions 

Process Ehgineerinp; and Reactor Physics 

After reactor discharge special flow tests were conducted to determine the 
flow required to backseat the primary pump.discharge check valves and the 
primary pump bypass check valve to ascertain that light water injection 
flows would provide adequate cooling under certain postulated emergency 
conditions. 
was not satisfactory. 
the bypass valve would be positively closed by an external actuator, and 
the other valves would be more nearly closed under no-flow conditions. 
sequent tests resulted in 30 - 50 gpm flows closing the check valves. 

A total power failure test was conducted. 
and compressed air were found to be satisfactory. 
also observed to function as needed. 
for approximately two hours. 

Selected pipes, nozzles and orifices were subjected to nondestructive and 
destructive examination to determine the condition of the primmy coolant 
system. 
specifications. 

It was found that over TOO gpm was required and that this 
The valves were modified during the month such that 

Sub- 

Emergency lighting, D.C. power 

Air supply was shown to be adequate 
Instrumentation was 

All pieces that were examined showed no defects and were within 
Radioactive decontamination of these pieces was difficult. 

Twelve UOzO eleven Pu-A1 and three moxtyl fuel elements were subjected to 
visual examination and go:no-go gauge inspection of the end brackets in 
the PRTR basin. 
process tube fretting corrosion damage. 

The data are, to be related to the previously reported 
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Procedures 

Revised Operating Procedures issued 
Revised Operating Standard6 issued 
Temporary &viations to Operating Standards issued 
Revised Process Specifications accepted for use 
Ikintenance Manuals issued 
Msintenance Procedures issued 
Drawing As -built status 

Approved for as-built 
Ready for approval 
In drafting 
Voided 
No change required 

Scheduled for review 

Personnel Training 
Qualification subjects 
Specifications, Standards, Procedures 
Fueling Vehicle 

Status of Qualified Personnel at Month End 
Qualified Reactor Engineers 
Provisionally Qualified Reactor Engineers 
Qualified Technicians 
Qualified Technologists 
Provisionally Qualified Technologists 

Plutonium Recycle Critical Facility 

Design Test Status: 

Electrical 
Instrumentation 
Fuel Handling 
Moderator System 
‘Ihimble Coolant 

13 
1 

3 
2 
2 
0 

Total 
739 
- 

15 
15 
51 - 81 
901 (corrected) 
-290 

1 191 (corrected) 

370 manhours 
35 

10 
1 
6 
19 
2 

All perforred satisfactorily. Each safety rod was cycled 50 tlrmes and inspected. 
Testing and development work on the irradiated -1 transfer thimble system 
was conducted. 
eliminate difficulties developed in testing. 
led and total confinement features of the PRCF were observed in conjunction 
with the PRTR total contaimnent test. 
Initial drafts of startup physics tests were issued. Sixky-eight PRCFO and 
PRTRO manhours were devoted to training. 

UNCLASSIFIED 

Improvements were mde to the flux monitoring circuitry to 
Cell cover blocks were instal- 

Satisfactory performance was observed. 



Fuel Element Rupture Test Facility 

Project Status (Project CAH-862) 

The revised project proposal extending the ccrmpletion data was approved 
and revised schedules are being prepared. The project is 98$ coqlete. 
The filter plant is 994 complete. 
were started in July. 
complete and instrument testing and calibration were 50$ complete. 
Revised designs were issued for appmal to provide needed refinements and 
equipnt orders were placed. 
was started. I r 

Acceptance tests for the filter plant 
The electrical design tests for the loop were 80$ 

Initial testing of the discharge equipnt 

Visual aids for classroom training were completed. 
was spent on training. 

A total of 55 manhours 

Project Status (Project CAH-822) 

The revised project proposal, requesting extension of the campletion date, 
was approved and revised schedules are being prepared. 
heater fabricator indicated early August shipment. 
re-built and 1'u11 successfully to 12,500 rpm outside of its case. 
testing was scheduled for August 3. The second unit was scheduled one 
week latern- Construction forces worked on punch list items. Modified 
inlet jumpers were installed on PRTR to facilitate the upcoming test 
section installation. 

The replacement 

Final 
The first blower was 

All but two operating procedures have been completed. 
were spent on training. 

Fifteen mnhouxs 

TECHNICAL SHOPS OPERATION 

Total productive tFme for the period was 21,572 hours. 
hours performed in the Technical Shops, 3,975 hours assigned to Minor Construc- 
tion, 1,303 hours assigned to off-site vendors, and 190 hours to other project 
shops. Total shop backlog is 21,929 hours, of which 70$ is required in the 
current month with the mmainder distributed over a three-month period. Over- 
time hours worked during the month was 4.85 (1,137) of the total available 
hours 

Zhis includes 16,104 

UNCLASSIFIED 
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Distribution of time was as follows: 

knhours $ of Total 

Fuels Preparation Department 4,063 18.838 

Hanford Laboratories Operation 13,971 64 768 

Irradiation Processing Departmnt 2,886 13 3% 
Chemical Processing Department 644 2*9* 

Construction Engineering and Utilities 8 *wJ 
Requests for emergency service declined from the previous month, reaching a level 
which is considered normal for this operation. 

%a&&? 
wager 
Test Reactor and Auxiliaries 

WD Rich.mond:bk 
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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 

M. Lewis 

D. C. Brandt 

R. H. Moore 

TITLE OF INVENTION OR DISCOVERY 

Proposed Use of Magnets for a Magnetic 
Ski Binding. July 20, 1962 

Continuous Apparatus to Produce 
Aluminum Sulfate by the Process 
Described in HWIR-990 

A Pyrochemical Method for Separation 
of Uranium and Thorium Using Immiscible 
Molten Salts (HW-74425) 

UNCLASSIFIED 



DECLASSIFIED 
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