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BUDGETS AND COSTS 

Costs for January were $1,609,000, an increase of $38,000 over the month of 
December. 
Plutonium Recycle Program costs increased $101,000 in January. 
funds of $4,880,000 are 49$ spent at January 31. 
further decreased in January improving the cost -budget relat.ionship 

RESEARCH AND DEVELOPMENT 

Fiscal year-to-date costs are 51s of the operating budget of $20,686,000. 
The authorized 

CPD Separations R and D costs 

I 1. Reactor and Fuels 

The present PRTR shim control design wlll be replaced by ef%her a floating rod 
or powered lead screw (friction) design to prevent the rod from dropping out 
of the core in the event of bead chin failure. Tkie choice will be based upon 
the results of experimental tests now in progress;. 

The status of PRTR consfruetion is: 
Phase 11, 6@ complete versus 66$ sckeduled; Phase 11-A, 2% complete veraus 
2346 scheduled. 

Phase I, ?'CY$ ccmplete V~FSUS 81$ scheduled; 

PFPP building construction is 6s c@mple+,e versus 73 scheduled. 

Calculations based on present 'PRn design indicate that. the prkary loop pump 
flywheels are adequate to prevent st.eam formation after power failure and dur- 
ing the period preceding activatim of back-up power or decay of the heat. 
generation rate to a level t.ha% can be dissipated by cccveetive cooling. 

The PRTR single-tube prototype faeiliSy has been ac+,ivated azzd operated at 
485 F end 1100 psi for a she& period, 

Calculations indicate that as much as 20$ of" light, water can be tolerated in 
the D20 prFmary coolant without appreciably affecting the reactivity of PRTRo 

Design criteria for the gas-cooled loop facility to be installed in PRTR have 

fuel assemblies for the first loading Q? PRTR wa~ started dur Lrod g t.he m0nt.h. 
been coqleted in rough draft fom. 

Six swaged four-rod cluster fuel elaeT;Sis, 18 incbea long, consisting of 
1.6 w/o enriched U02 in a 0.035-incb wall 304 stsinlees steel cladding, have 
been discharged from IlER Loop 1 a?t.er an irradiation peri,ad of five months. 
There was no visible cladding damage or rod dAstorzion. 

l?abri?at.icm of swaged UO 

Two Zircaloy rods containing a loose-packed Pu02-UO2 powder mixture were 
irradiated at HCR. 
no jacket distortion occurred and the core was easily removable. 

Using electron microscope techniques, voids have been found at the grain 
boundaries in irradiated U02, indicating either trapping @f gasee during 
fabrication or migration of fiseion gases. 

A central cavity developed and columnar grains formed, but 

Mixed PuO2 and U02 powders sintered at 1600 C for four hours showed complete 
solid solution on x-ray analysis. 
prior chemical procedures appears unnecessary. 

Formation of mixed crystal U02-Pu02 Ida 

I2406 I8 
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Strong bonds have been obtained on injection casting of aluminum (Pu-Al stand-in) 
into Zircaloy tubing. 
can be eliminated by use of a different outgaesing procedure. 

It is hoped that porosity in the aluminum due to hydrogen 

A four-rod PU-A1 cluster was discharged from Loop 3 of the KEFi after several 
months operatian at a power cf 60 ku/ft> in 200 C coolaat.. 
good condition upon visual examim,%ion in the reactor bash. 

The clugter was in 

Thermocouples located in the coolmf-flow spaces, in a seven-rod cluster fuel 
assembly show a significant, but not alarming, temperature variation of approx- 
imately f 20 C from the bulk exit mt3er ten;Ferat.ure ~2f 225 C, when operating 
in-reactor at projected MPR heat.-generat,ion rates 

The first KEB size NPR seven-rod cluster fuel elemeats have completed irradiation 
in KER LOOP 1. 
appear to be unaffected externally. 

Kter exposure of 120~ MMD/T in 270 c c3019nt, the element-s 

Ex -reactor hydraulic experimxts with NPR -t,vpe elemeats indicate that the 
pressure drop penalty due tc the use of wire wrag as flow &'promoters in 
seven-rod cluster fuel elements is muck less +-hac wdl Frevfouely believed. 

High-temperature irradiation testing of potential new graphites for the NPR is 
being accelerated in the M!El and ETR. C%e new type appears similar to Kendall 
coke (a0 longer available:, wkf232 skQwed ?.he Least con?.raction on high-temperature 
irradiation. 

A high-temperature graphite irradis+.ion eqerfmeLt has been desised and is 
being constructed for insertion in the L-48 shim red in the MPRe 

Swelling has been observed in urani-an metal, ex-reac%zr, though bombardment 
with xenon ions. 
parameters of the swelling phenaenot. 

The possibili+y exfets o? meaningful ex-resctsr study of the 

Rupture tests of pre-deferxed cm-ex-Lmdea 2ir:Lcy-clad u-parLum fuel in 300 C 
water (conducted in both au+,DeiaueE a~3 big3 gresewe cut -of-reaet.or locps) 
show generally promising failure charsct.erfetizs, wi%5 oLy Plight Ewellieg 
and blistering at the jacket pre-deiecf in me. tc tw~ bao=cr-.e exposure. Beta 
heat -treated rods per3mned mare fawra3l.y thn as -exr,xde8 material in the 
loop tests. 

The fact that excessively frangible bcsds in AlSf canned Eanford slugs have 
been found to fail on sudden application of heat Fs being used a8 a basis for 
the development of a simple nondestructive test of bond quality. 

A Zircaloy-2 clad thin wall uranium tube has been fabricated by a direct cast- 
ing technique. 

2. ChemLcsl Research and Development 

Controlled extraction of neptunium in the Wex EA Column by addition of nitrous 
acid to the solvent (HAX stream) was shewn tv7 be technically feasible' 
Although laboratory studies to dezfrze the most iawrable operating conditions 

I2w3 I9 
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for this approach indicated near-quantitative neptunium recovery in the HA 
Column should be possible, they also indicated that close control would be 
necessary. In the first three ays of plant operation, neptunium losses in 
the aqueous waste stream (HAW) were below the analytical detection limit. 
Preceding these plant tests, a third plant extraction of neptunium was very 
successful with 762 grams recovered. 

Laboratory work to develop an anion exchange flowsheet for accomplishing 
purification of the Purex neptunium product was completed. The basic process 
used was demonstrated successfully in the plant in purification of the mater- 
ial recovered at the end of the December run period. 

Preliminary laboratory experiments show that su3stantial fractions (> 45 per 
cent) of the radioisotopes, As 76, P-32, m-56, CU-64 and Zn 65, in reactor 
effluent water can be removed from solu%ion by passing the hot effluent water 
through a bed of aluminum turnings. There is evidence that greater removal 
is possible by this system such that more than 90 per cent of the AS-76 and 
P-32 may be removed. 
sive range of experimental conditions. 

Studies of tne system are continuing over a more exten- 

Installation of a new pneumatic charge-discharge facility at t.he ICE Reactor, 
use of high density linear polykhene earyiers, and modified counter arrange- 
ment has reduced the time needed to get samples for activation analysis from 
the reactor to the counter to seven minutes average. 
ment of half-lives as low as two minutes; a mjsr inprovement over the former 
minimum half-life of 30 minutes. 

This permits measure- 

ExperFraental measurements of the rat.e of fission product volatilization from 
heated uranium indicate a considerable variation among various isotores in the 
fraction volatilized in a given length ol the. In tests oq ll-gram irrad- 
iated bare uranium cylinders, cooled 1 ts 3 days and held at 1200 C furnace 
temperature, preliminary analytical results indicst.e essentially all the 
iodine and tellurium is released in 80 nir;u+es. 
at about 0.025 per cent per minute. 
less uniform. 

Cesium volatilized steadily 
Strontium acd PuthenFun! releases were 

An 8-inch by l0-foot radiant heat expe~ime~tal spray calciner was put in 
operation during the month and is tc! be used to extend the work on fixation 
of Purex waste. 
Laboratories to perform scouting c&Lci.mtiorza CE synthetic Purex IWW in a 
small fluid bed calciner to aid the desi@ ~f proposed larger scaie experi- 
ments at Hanford. 

Also, arrangements have been coqleted for Apgonne National 

Installation of the fission product isolation and packaging prototype was 
begun on January 9. 
per cent complete. 
this unit to the isolation of fission products other than cesium. 

Shop fabrication of equipmen% items is approximately 70 
Studies are being undertaken to evaluate application of 

Installation of the HasteUoy-F pilot plant, di610lver has been completed, 
first Niflex dis6OlUtiO11 of 304-L stainlese steel required additional nitric 
acid addition to five stainless steel sclutfon coneenlmtions comparable to 
those from laboratory tests. 

The 

EquIpn-5 opera-tion was excellent. 
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The experimental study of the use of anion exchange to accomplish purification 
and concentration of plutonium in mex 1BP laas been concluded. 
indicate that a process consisting of a sfigle cycle at anion exchange coupled 
to a single solvent extraction cycle such as Purex HA-HS-m Cycle should be 
capable of producing routinely a 50 g Pu/liter product well wlthln present plu- 
tonium purity specifications. A single cycle of anion exchange designed to 
operate in remote equipment could thus replace the lBS, 2A, and 2B solvent 
extraction columns and the unshielded anion exchmige contactor presently in 
use in the Pura Plant. 

The results 

3. Physics and Instrument Research and Development 

The study of .temperature effects ori t.he neuxrori ecozoq of pre3en.t reactors 
made significant progress with the beginning of a set of experiments to deter- 
mine the change in the effect of wa%er on reactivity as the graphite tempera- 
ture changes. 

Cluster element experiments in th.e PCTR far t.he New Production Reactor program 
were completed and the data is currertly being analyzed. The experiments on 
large solid fuels mentioned last mon'h hve csont9mued. 

Bequests for advice on nuclear safe+.y pr?biem have increased in number. 
the month recommendations on nuclear safety were made to all three product 
departaents as well. as to other groups in the Laboratories. 

Duping 

An experiment to correlate our PCllR meacuz-ementa in the nuclear safety field 
with critical mass measurements at OWL has been coqleted, 
analysis of the data indicates no sericus disagreement between the two 
approaches. 

Preliminary 

Nuclear safety experiments designed t~ set limits for the handling of low 
enrichment uranium fuel elements hme cmtiaued bmh here and at ORNL. 

In the Plutonium Recycle Program, ef5or-t was concentzated on techniques for 
correcting for various perturbing effems in PCTR meamrements and significant 
progress was made in these theoretical smdies. 
to many of the probleme of reactor theo-ry has been worked out which pramfses 
to become useful in deciding many questims of interpretation of the results 
of calculations. 

Also, a new general approach 

General Electric received the Annual. Award OL the American Meteorological 
Society for the Application of Me%ec-ralogy in IIidustry. 
in recognition of the excellent work of 6;. R. Elst and associates in the 
Atmospheric Physics Operation. 

The award was made 

The shielded personnel monitoring station (body monitor) was occupied early in 
the month. 
factory. 

Tests of shielding and instrumentation show them to be quite satis- 

An alarm to warn of a nuclear incident. has been designed and a breadboard 
model checked out. 
can be set to alarm at any desired level wi%in a wide range arid can be 
activated by either gamma rays or neutrons. According to present plans the 
gamma-type alarms will be adopted for the project now being prepared by CPD 
for immediate installation of some nuclear incident alarms. 

Two prototype models are being fabricated. The device 

I24062 I 
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Satisfactory progress.was made on the many other projects in the instrument 
field. In the basic data field, work on the scattering cross section of water 
for low energy neutrons was begun. 

The simulation of PRTR control system behavior on the analog computer has 
uncovered some areas related to the transient response of the system which 
will require further attention. 

4. Biology 

Radiostrontium added as insoluble compounds to soil con4,inued to be about one- 
tenth as available to growing plants afker a second cropping of contaminated 
soil as soluble strontium added under sidlar conditions. 

The Cs/k ratio has recently appeared in the literature. 
justification for it is based on the presumed Inverse relationship between 
uptake of cesium and potassium. 
whole plant. 
very markedly less than inverse. 

Again, Fart of the 

We have repeated some of this work using the 
The proportional decrease in cesilun uptake due to potassium was 

Administration of MTA should occur wlthln one kLollp after Pu contamlnstion. 
This is better than repeated doses up to 21 hours. It appears that only 1% 
of orally administered MTA is absorbed. 

5. ProgrammFng 

Further alternate methods for head-end treatment of non-production fuels were 
studied. Among these, one of considersble merit comprises a simplified, 
critically safe total dissolution facility. 
of the circulating "spray-tray" type diESOlUtfQn of integral full length fuel 
elements. 
are small enough to assure critical safety fer any of the anticipated low 
enrichment fuels. 
tional head end processing. 

Wis praposal involves the use 

Intermediate solution hold-up vessels in the dissolving circuit 

This proposal afzords majcr simplifications over conven- 

The first portion of a detailed stllqy of FRTR fuel burnout, and isotopic and 
fission product composition was completed and a reps3 issued. 
describes variations in core compcsf+,fon of Pu-Al epike and natura3 U02 
assemblies during irradiation at constmt flux. 
and graphic form. 
scheduling and shielding are shmm. 

This report 

4 

Wta are presented in tabular 
Effects of bum-up rai.~s and resultant, compositions on 

Significant progress was made in an analysis to characterize the economic 
potential of stainless steel cladding. 
replacing 20 mil zirconium with 7 mil stabless steel was calculated using 
the P method. 

The change in thermal utilization when 

The GPR code was then used to calculate attainable exposure 
for p 2 utonium recycle as well as single pass operatiorr. 

IBM 650 calculations to compare the attakaale reactivft.y lifetimes of fuels 
uniformly enriched with U-235 or plut,onium were essentially coqlet,ed. 
study considered reactors of three sizes wing plutonium of four different 
isotopic compositions. 
containing substantial quantities of Pu-240 acd Pu-241 leads to longer 
reactivity limited exposures than U-235 enriched fuels in reactors with good 

The 

It was found t?hat in general plutonium enricherit 
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neutron economies. The converse is true in reactors wit.h poor neutron economies. 

The Litton computer was employed for evaluating Pu-240 self-shielding and 
spectrum shift effects in plutonium-only fuel irradiations. 
conditions used the fuel compositions studied lost both reactivity and specific 
power generation more rapidly thac ?.he fixed-crcss -section, fixed-spectrum 
cases run earlier on the IBM 605 computer. "Phoenix" or long-burning behavior 
is evidently associated with a different initial fuel composition in this ty-pe 
of cycle. 
density are the main requiremerits. 
poorly-known Pu-242 cross section, whlcch also eborrld be self -shielded to some 
extent. 

With the lattice 

Indications are that higher initial 240 content and lower fgel 
Tte results are also sensitive to the 

All major sections of the RBU computer code have been debugged. 
sections, input-output routines, and t.ke crrss-section libram have yet to be 
completed, and this work will require considerable attention from Hanford 
personnel. 

Linking 

Assistance was rendered in the formulation of a pot.entia1 research program for 
uranium oxidation and fission product volatilization studies. Confiultation 
was rendered on a proposed series of guides far the Columbia River emergency 
plans, on possible methods of decantamination of reactor effluent water, and 
on the Radioactive Waste Disposal hearings in Wa,s&ington. 

Technical and Other Services 

Difficulty with the burial of ruthenium-contaminated equipment in the Redox plant 
resulted in wide-spread particulate contaninatian down wind from the burial site 
both inside and outside the 200-W Area. Checks of six involved employees on 
prototype equipment in the new Shielded Fersomel Mmitoring Station indicated no 
significant deposition of rut.henium-106. 

No cases of plutonium deposition in enpicyees were dcteeted during the mmth. 
total number of cases to date is 226. 
which have occurred at Hanford and all depositLori caees which occurred to present 
Hanford employees prior to qloyment at EanImdc 

A review of the exposure experience in 1958 indicated that 4 eqloyees received 
a dose of 3 r or more as compared to 23 eqloyees in 1957. 
dose in 1958 was 3.2 r. 

A final report on the CPD Control Study was iesued. 

Th,e 
This txaL includes all deposition cases 

I 

The maximum whole-body 

Work on a model for guiding the procurement of spare parts for the I?PR was com- 
pleted and a report issued. 

In connection with a request from the Commission, further work is being done on the 
etatistical properties and practical application of invent.ory and B -PID est.fma+,es 
described in HW-56536, '3-PID and Inventorj Esthnates with Minimum Variance." 

Work on two operations research studies and fcur operations analysis prcgrams was 
continued during the month and work was iritiszed on an operations analysis program 
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for the Radiation Protection Operation. 
mathematical assistance on 19 problems was given within EL0 and to other depart- 
ments and operations. 

In addition to this statistical and 

There were 12 authorized projects at month end with total authorized funds of 

$7,024,078. 
PFPP are recorded separately). Two prajec+,s were completed during the month. 
Two new projects are awaiting AEC approval. 
projects are in preparation. 

The total estimated cost of these projects is $7,690,078 (PRTR and 

Project proposals for thirteen new 

t The nmiber of requests from customers for emergency shop service increased sharply 
necessitating a higher than normal overtime level. 
utilized to capacity in providing assistance t.3 the Technical Shops. 
tinued on setting up assistance type conkact6 with offsite shops and the final 
drafts should be completed so that negctiatictns zan be conducted in February. 

Other project shops were 
Work con- 

The use of the 221-B pipe gallery as a Pickling and Autoclaving Facility for 
Zirconium Tubes has been disapproved. 
and work is proceeding toward utilizing the old automative maintenance - heavy 
equipment shop at White Bluffs. 

Alternat.e locations have been investigated 

Design of the Metallurgical Development Facilities - 306 Building (Project CA-764) 
was completed for the building contract” 
February 19. 
fourth bay of the buildhg by October 1, 1959 for ins%allation of the extrusion 
press. 

AEC will isaue the bid invitation about 
The contract provisions will att.eq+, to obtain completion of the 

Construction of the 327 Building Adation (Project- CGH-790) is 25s complete com- 
pared to 23.s scheduled. 
radiation levels, construction costs are exceedkg tbe estimate. 
contract for the building superstructure will. be awarded in April at which time 
the total project cost estimate will be precise and additional funds will be 
requested if‘ necessary. 

Due to cont.am4aat7fon ccmdfsions at the site and high 
The lump sum 

Projects CAH-794, Geological and KydrJlogf.:sl Wella, ard CGH-804, Ceramic Fuels 
Press Enclosure - 325 Building, were coqlct.ed wi,tki~ %he eetimated cost and 
directive completion dates. 
considerable modification and adjus+aeI;% by %be veEdzro 

Start-up wcrk on tbe hydraulic press has involved 

Supporting Functions 

Data Processlng Operation has agreed to iaemll. ow program for accounting for 
offsite commitments made by HLO for materials and sePvlces. First reports are 
to be available in February and should be useful in planning and estimating 
future expenditure rate. 

Project Proposal for the Equipment Starage Area building in 300 Area was approved 
by A6C on January 29. No direcbive to proceed has been received as yet. 

Inventory results of Biology Operation uninstalled eaL,aloged equipment iadicst,e 
good control over equipment and the use of pmper procedures in transferring 
or retirement of equipment. 
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Withholding statements (Form W-2) for 1958 were delivered to employees on 
January 9, 1959. 
$1,234,000. 

Gross wages amounted to $8,652,000. Income tax withheld was 

At month's end, the staff of the Hanford Laboratories Operation totalled 1203 
employees, including 570 exempt and 633 nonexempt employees. There were 485 exempt 
employees possessing technical degrees, including 2716 B.S., 106 M.S., and lo5 Ph.D. 

The Armed Forces Special Weapons Project Training Program for medical officers 
commenced January 6th and is continuing on schedule* 
February 13. 

The program will be completed 

Ph.D. recruiting continues to present moss sericus pmblems with extreme competi- 
tion being encountered for Ph.D. physics csdidates. 
during the month and two acceptances were received, bringing the total acceptances 
for the recruiting year to six. Three offers are current.ly open. 

Experienced BS/MS recruiting and recruithg f3r t.he Technical Graduate Program con- 
tinues to be very favorable. Most serious difficulty is being encountered in the 
employment of new bachelor's candidates in physicsc Spring recruiting commenced on 
January 12 with visits to WSC, Idaho, Gonzags, Oregon State, Portland University, 
Washington and Seattle University and will continue during the coming two months 
with visits to 26 additional schools. 

POUP offers were extended 

Twenty-three graduates are cuprel;tly aseigned %? the Technical Graduate Program 
with three scheduled for placement on Pebruaqy 1. Requests for placement exceed 
Program members available and this will continue until June graduates report for 
assignment. 

Laboratories personnel worked a total of 197,Ob man-hours during the month with no 
disabling injuries. 
been completed with no disabling injuries. 
January was 1.13 as compared with 1.34 dwing I>ecen%etg< 

Since September 1, 1956 a t.csal of 5,475,100 man-hours have 
me nedica.1 treatment frequency for 

There were seven security violations during ",e nonth of ;anwry. 

lvlanebger , 
RANFCRD LpcBoRAToRlEs 

EM Parker:kss 
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REACTOR ANI FUELS RESEARCH AND DEVELOPMENT OPERATION 

TEXKNICAL ACTIVITIES 

A. FISSIONABLE MATERIALS - XI00 PROGRAM 

1. METALLURGY PROGRAM 
4 

Corrosion Studies 

Autoclave Pretreatment of Aluminum Dynamic Corrosion Test Samples. 
corrosion tests now in progress are aimed toward a general evaluation of 
autoclave pretreatment for dynamic corrosion coupons. Samples with and 
without autoclave pretreatment for various times and temperatures were sub- 
jected to dynamic corrosion testing, and the results compared. Reslats 
were also compared with those of samples exposed in the low flow section 
of the autoclave without pretreatment. Neutral, deionized water was used. 

Dynamic 

It is considered significant that autoclave treatment for one day at 300 C 
and one week at 250 C resultsin dynamic corrosion rates cornperable to 
those obtained in the static section, The effect has so far been demon- 
strated for only one month tests. It remains to be demonstrated whether 
the reduction in rates as exposure increases, observed for untreated 
samples, are also observed for pretreated samples. 

The pronounced effect of autoclaving nay result fron an aging of th? 
corrosion product which renders it less solQble. The corrosion product 
is known to be heterogeneous and, in the case of corrosion product from 
dynamic samples, highly porous. The porosity results from E leaching 
action of the continually refreshed water on %he more soluble constitxnts 
of the oxide. In the autoclave treatment, the sample is exposo3 to water 
already saturated in aluminum corrosion product. 
the soluble component of the oxide ages rather than dissolves. The aging 
effect of aluminum oxides and hydrates, producing a marke3 decrease in 
solubility, is well known. This experiment appears to add further eon- 
firmation to the view tht increased oxide dissolution is the principsl 
cause for high corrosion rates noted st high flow rates. 

Logarithmic Corrosion of Al. 
l98X (1.6 Ni, O.l$ Ti, balance 99.99% Al) prepared at ANL was found to 
be 0.8 mil after 10 months at 360 C. 
to show a logarithmic- dependence on the.. 

Ufider thes2 conditions 

The amount of corrosion for a sample of 

The corrosion process cor,tic:i?s 

A more self-consistent picture of aluminmi corrosion in high temperature 
water follows from an analysis of U. R. Evans of the effect of cracks 
in heavy oxide scale. 
dependence on time can reslllt, depending on the type of cracking that, 
ocmrs within an oxide scale. The logarithmic corrosion Froeess, for 

He has shown that linear, para301icJ or logsrithmic 
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example, can be expected when self-healing of small cracks perpendicular 
to the surface occur. 

It is relevant to report that the outstmding feature in the ANL l98X 
structure is the degree and fineness of second phase dispersion in the 
gamma aluminum phase. If it is assumed that the protective element in 
the oxide is a complex Ni-A1 oxide, a spinel for example, a relation 
between degree of second phase dispersion and logarithmic kinetics (self- 
healing of oxide cracks) could be expected. 

Fuel Element Rupture Kinetics. 
determine the rupture characteristics and kinetics of co-extruded 
Zircaloy-2 clad fuel elements in water at 300 C in a static induction 
heated autoclave. 
through the cladding into the core. 
manner. 
its center. 
height of 30 to 50 mils. 
the fracturing of the cladding at the perimeter of the blister. 
exposure results in severe blistering and ripping of the cladding adjacent 
to the original blister. Same of the data are tabulated below. 

Preliminary tests have been conducted to 

Samples were defected with a 25-mil hole drilled 
All the samples failed in the same 

A blister is slowly formed in the cladding wit5 the defect at 
to 1/4" diameter and grows to a The blister is from 1/8" 

The blister then "pops open'' as a result of 
Additions1 

Rupture of Defected Coextruded Elements 
300 C Water - 25-mil Defects 

Exposure Required to 
Sample Condition Fracture Cladding 

U core, 5/8" dia., As extruded 50-100 minutes" 
30-mil clad 

11 Various beta heat 50-100 minutes* 
treating schedules 

U-2$ Zr core, 0.9" dia., 
20-mil clad 

As extruded 300 minutes 

II Beta heat treeted 400 minutes 

Vhe samples were examined at 50 and 100 minutes. Samples with 
decreasing bond strength showed increasing severity of failure, 
indicating a faster rupture rate for the samples of lower bond 
strength. 

An autoclave was equipped with a palladium hydrogen valve which was 
connected to a low pressure gauge. A defected element with a uranium 
core was exposed in this autoclave to water at 300 C. 
of continuous exposure, there was a sudden generation of hydrogen. It 
is believed that this event corresponded with a fracture of the fuel 
element cladding, allowing water to decompose the uranium hydride con- 
tained within the blister at the defect. 

After 45 minutes 
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Hydriding of Zircaloy-2. 
The samples either hydrided completely with destruction of the mechanical 
integrity of the sample, or the sample remained ductile with little or no 
hydrogen pickup. Variable induction times were observed during which no 
reaction was observed followed by sharp drops in the hydrogen pressure of 
the system and rapid hydriding of the sample. The edges of sam~les were 
attacked first, before the surface of the metal. It was nenessary to 
reduce the oxygen content of the apparatus to very low *.ralaes Sefore any 
hydriding c0-d.d be induced. 
than the film formed by etching. 
in dry, oxygen-free hydrogen at 10 psi at tempratures between 350 C and 
450 C. 

Ten atteqts were made to hydride Zircaloy-2. 

Autoclave films offered no more proTection 
Hydriding was observed to be very rapid 

These results all confirm the hypothesis set forth in HW-55460; that is, 
Zircaloy-2 depends on its oxide film for protection against hydrogen. In 
the absence of an oxide film, or if the oxide film has defects, Zr-2 will 
hydride rapidly with complete destruction of the metal. A defect-type 
oxide cznnot form in the presence of 0-xygen or water because the defects 
will be healed. Zr-2 will not hydride in the presence of water or oxyger? 
at temperatures under 500 C. 

Gasless Etching of Zr-2. 
etching process. It was found that the CrO3-HF solution is much 
to rinse out of crevices than standard FDiO3-HF' etch. When the Cr'r:zz- 
centration becomes depleteci at the metal surface or in crevices, hydrogen 
evolution begins with severe pitting of the surface. This gas evo1;ltion 
may be further suppressed by an increase in the (51-03 concentration, but 
if this is done, Cr metal deposits on th? Zr surface. It was fomd that 
if ammonium bifluroide (NH4FoHF) was substituted for the HF' the last two 
problems could be avoided, 

Work continued on the chromic acid-fluoride 

The bath composition was: CrO3 - 150 g/l 

NH4F.W - 53 g/l 

H20 

In this solution gas evolution is greatly suppresse.3 in comparison with 
the standard HNO -HF etch but is not stc-,ped corripletely. The gas evo17,-e3 

less hazardous to handle than the XNOq-Hp solutione It is eqected that 
it will be less corrosive to material; cf ronstrwtion. b~lt swh tests 

have not yet been carried out. 

is He. The pH o a this 3ath is about two, so that thp solution is riuch 

It produce&a smooth, 3right etch on Zr-2. 

Corrosion tests in 400 C steam revealed the following facts: 

1. 

2. Except for crevices, the etchant rinses cleanly in dilute 

3. 

4. 

The Cr03-NHbF.HF etch is hard to rinse out of crevices ani 
severe corrosion in crevices is observed on autoclavfng. 

mo3. 
Corrosion rates taken in 400 C, 1300 psi stem shclwed +,ha+. 
Zr-2 etched in Cr03-NHL.W had normal low corrosion rates. 
Allowable transfer times fyom etch to rime were much lcnger 
than with the HNO3-HF Frc, mess 
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Becsuse of the severe crevice corrosion problem, 
will have limited usefulness for fuel elements. 
have a very real usefulness as a tube etchant. 

the chromic acid etchant 
However, the solution may 

Low Pressure Autoclaving of Zr-2. 
LOO C, 100 psi steam showed weight gains the same as Zr-2 exposed in 400 C, 
1500 psi steam. It was concluded the steam pressure had little effect on 
the corrosion rate or usefulness in testing Zr-2. 

A series of Zr-2 samples exposed to 

After exposure in 400 C, 100 psi steam, the samgles were transferred to 
400 C, 1500 psi steam and continued to show normal low corrosion rates. 

Effect of Electrical Potential on Rinsing of Zr-2. Sixteen assemblies of 
two Zr-2 coupons bolted together to create a crevice were rinsed in aluminum 
nitrate and in nitric acid with both positive and negative potentials 
(e.g., 5 volts) applied during rinsing. The samples were etched in standard 
HNO3-HE' etch and allowed to dry five minutes to create a serious case of 
"acid stsining" unless thoroughly rinsed. 

) 

The samples rinsed with a positive potential in nitric acid showed a marked 
improvement in lack of acid staining. The positive potential probably 
formed a new ZrOg surface under the ccntamination and lifted it off the 
surface. Even in the crevice little acid staining was observed. 

This process shows promise and will be explored further to evaluate its 
usefulness as a Zr-2 metal pretreatment. 

Zirccniun Etching Facility - Materials of Construction. 
of construction are undergoing a test in 6 M HNO3-1M - HF solution at 60 C 
to determine the most suitable materials fo'F pumps, tanks, and heat ex- 
changers. Sanples of Teflon-100X, polypropylene, polyethylene, poly- 
vinylchloride, polyvinylfluoride, graphite 347 and 309 SCb stainless steels 
and Hasteloy F have been evaluated. 
(heat sealable), polyethylene and polyprqylene appeared the most satis- 
faetory materids for tank construction or 1iRing- Presumably materials 
such as Kel-F would also be satisfactory. 

Various materials 

Based on these tests, Teflon-1OCX 

Although graphite appears to be suitable for heat exchanger arid ?'an? parts 
from a corrosion standpoint, it exhi3its a low mechanical strength, and 
hence a metal with a low (10 milli-inches/hr) corrosion rate would be de- 
sirable. As-received 347 and 309 SCb staipless steel corroded st 300 and 
X)O mipy, respectively. As-welded Hasteloy-F corroded at a rate of 200 

mipy. 
steel showed a corrosion rate of about 120 mipy. Heat treatment of the 
309 SCb and the Hasteloy-F lowered the corrosion rates to about 120 and 
90 mipy, respectively, and eliminated most of the localized attack, 

All showed localized attack. A special sample of 347 stainless 

Radiometallurgy Laboratory Studies 

Fax-film replicas were obtained from three uranium specimens which were 
irrsdiated at low temperatures and exposures (HMO-173). 
studies of unirradiated samples were made to relate the effects of 

Metallographic 
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annealing and tensile testing; a sample of uranium of about 0.2 a/o U-235 
burnup was polished and etched and Fax-film replicas were made for electron 
microscopy; studies of the uranium samples for PT-W were continued by 
beginning a cyclical annealing program for selected tensile samples; 
metallographic examination was begun on samples from a short term, high 
temperature, enriched four-rod cluster elements (PT-E-172-A) ; one thorium 
tensile specimen (GW-3-28) was removed from its capsule and examined; a 
temperature monitored uranium swelling test capsule was opened and examined. 
Results and conclusions from these Radiometallurgy Laboratory studies are 
reported in connection with the respective develosment programs. 

High Level Cut-off and Examination Cell (Project CG-682). 
on modification and fabrication of the new high level examination and cut- 

Work continued 

off cell equipment prior to operation of the cell. 
down testing proceeded on the following items of equipment during the month: 

Installation and shake- 

1. Cut-off machine 
2. Model 111 Manipulators 
3. 
4. Cell Exhaust Alarm System 
5. 
6. Cut-off machine filtering system 
7. Cell can racks 
8. 

9. 

Health Monitoring Chambers (now completed) 

Can sealer installaidon and testing (now completed) 

Viewing platform and lighting arrangement for four-foot long 
fuel elements 
Miscellaneous electrical and piping work. 

In addition, establishment of camera lens requirements and photographic 
limitations of the 12-inch square x 18-inch thick lead glass windows was 
completed. 

High Temperature Impact Sample Breaker. 
breaker was completed by the shop during the month. 

Fabrication of an impact sample 

Microhardness Tester. Modification of some of the controls is now being 
carried out by the 327 Building swing shift machinist and the mock-up is 
expected to be complete in early February. 

Density Cell. Sheet metal skirting required for this cell has been in- 
stalled, and the pipefitters are now re-routing the piping to bring all 
valves to the operating face. 
down revisions and is expected to be ready about mid-February. 

The manipulator is undergoing final shake- 

Basic Metallurgy Studies 

Radiation Effects in Fissionable Materials. The design of advanced fuel 
elements depends upon some knowledge of the effects of irradiation on 
significant mechanical and physical properties. 
these data for uranium irradiated to 0.018, 0.031, 0.075, and 0.10 a/o 
burnup is under way. 
burnup were cyclically annealed in vacuum between 400 and 700 C for three 

A program to obtain 

Tensile specimens representing 0.075, and 0.1 a/o 
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cycles (six transformations) during the month. 
a similarly annealed specimen representing 0.31 a/o burnup await tensile 
tests to determine the effects of alpha-beta phase transfo,mation on the 
recovery of irradiation-induced damage. 

These specimens along with 

A series of flat uranium tensile specimens have been irradiated at lov 
temperatures to low exposures in the snout facility at 105-KEr. 
of this test is to find the threshold of detec able neutron damage to 
uranium 
5 x lo-' total atom percent burnup. 
and annealing tests have been performed to determine the amount of dmsge 
induced and the ease of removsl. Significant conclusions are as follows: 
(1) the neutron exposure beyond which a si@ icant change in the herdness 
of uranium occurs is not greater than 5 x lo1% nvt and is pro5ably less 
than one spike cycle or 2.4 x 1016 nvt; (2) practically complete recovery 
in tensile properties, and hardness in the temperature range 200-400 C 
occurs with exposures up to 1 x 1017 nvt, beyond this exposure the amount 
of recovery decreases; (3) the exponent of strain hwdening decreases with 
irradiation from 0.34 in the unirradiated state to approximately 0.20 for 
an exposure of 7 x 1017 nvt; and (4) an increase in hardness and yield 
strength of 11 and 55 percent, respectively, occurs with irradiation to 
7 x 1017 nvt. 

The pqose 

The exposures range from 1015 to lo1& nvt or from '5 x 10-7 to 
Post-irradiation tensile, hardness, 

Radiation Effects in Structural &terials. A series of rcetal representing 
the common metal crystal types was irradiated at Brookhaven, Hanford, and 
the MTR under various exposure conditions. 
nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless steel. 
Post-irradiation measurements of mechanical and physical properties of 
these metals were initiated at KAPL and will be completed at HAP0 to ad- 
vance the theory of neutron dmage to metals. 
made of the six vacuum furnace tubes at 800 C. A three-inch flat tengera- 
ture zone occurs at this temperature. At 100 C the temperature difference 
along the reduced section of a tensile spechen WES less than 1 C, 
furnaces have beer? adjusted to give this temperature control for the first 
isochronal anneal. Electrical resistanze measurements for an mirradiated 
titanium specimen agreed within 0.2 percent with data reported by KAPL for 
the same specimen. 

These metals include copper, 

Temperature traverses were 

All 

Electron and Optical Microscopy. 
cladding and fuel materials is a direct way of detecting radiation damage 
in these materials. 
feasibility of irradiating films of fissionable material, thin enough for 
conducting transmission electron microscopy and diffraction before and 
after reactor irradiation are being conducted. 
studies is to gain fundamental information on the nature of reactor induced 
damage to fissionable material. 

The study of the microstructure of 

Preliminary experiments aimed at deterininir,g th? 

The objective of such 

X-Ray Diffraction Studies. 
a fuel element discloses areas which differ in appearance. Materials 

Visual examination of the AlSi bond layer of 

from these areas have been characterized by x-ray-diffraction, 
lustrous areas were found to be composed of UAl3 and a small amount of 

The aost 
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of another cubic compound with a lattice dimension of 4.14 8. The dullest 
areas were composed of a single cubic compound with a lattice dimension of 
4.17 8. 
and 4.27 8 (UAl3) are known. 
existence of a solid solution of the type U(A1Si)3 in the AlSi bond layer. 

A study of the annealing kinetics associated with the recovery of x-ray 
diffraction line broadening supplies information about radiation damage 
that is complementary to that obtained by an analysis of lattice parameter 
changes. 
flux) was annealed at temperatures up to snd including 600 C at 100 C 
intervals. Total annealing time at each temperature level was 1OC hours. 
A small amount of recovery measured by line width changes occurred during 
annealing ten hours at 100 C. 
ten hours at 600 C. 
produce additional recovery. 
approximately one-half of the original radiation damage. 
being analyzed to determine the nature of the recovery mechanisms.. 
information will assist in characterizing the types of defects that are 
produced in metals during irradiation. 

No pure simple cubic compounds with dimensions between 4.03 w (mi3) 
These results are additional evidence for the 

Molybdenm irradiated to an eqosiure of 1.2 x 10% nvt (fast 

No further recovery occurred until after 
Longer annealing times at this temperature do not 

The data are 
These two distinct recovery processes =move 

This 

Solid State Reactions. 
Zircaloy-2, and Zircaloy-3 are being studied as a function of percent cold 
work, temperature, time, and heat treatment atmosphere. Micrographs of 
25 and 50 percent cold worked zirconium heat treated for 100 minutes in 
helium at six temperatures from 300 to 800 C have been obtained at 100 
and 1000 X. The micrographs confirm the recrystallization temperatures 
estimated from x-ray diffraction work on these samples. 
that x-ray measurements of line width and sharpening are a reliable method 
of determining the recrystallization temperature in cold worked zirconium. 
Micrographs taken at 1000 X showed the presence of more than one +,y-pe of 
inclusion in the zirconium. A needle-like inclusion has tentatively been 
identified (by anodizing) as zirconium hydride. 
estimated to be 10 to 30 parts per million. 
there is a fine dispersion of small particles throughout the grain. 
particles have not been identified. 

Optimum conditions of heat treatment for zirconium, 

It is ccrzluded 

The coccentratioc is 
In addition to the needles, 

These 

In-Reactor Measurements. A knowledge of the errors in temperature 
measurement using thermocouples in a neutron flux is essential for the 
quantitative evaluation of the effects of neutron irradiation on materials 
Because such knowledge is lacking, a program of measuring thermocouple 
stability in-reactor is currently in progress. 
asbestos insulated thermocouple lead wire assemblies charged in KW Reactor 
have received a total of 3412 hours exposure. All the wires show a re- 
sistance between leads of greater than lo7 ohms. Enf readings taken 
through the in-reactor assemblies show no deviation from readings taken 
using only the ex-reactor thermocouple leads. 
stability capsule charged in KW Reactor has received a total of 928 hours 
exposure. 
atmosphere. 
arrest due to melting of the lesd in the capsule. 

The quartz insulated and 

The 300 C thermocouple 

The thermocouples are operating at 300 C in a "gettered" helium 
The thermocouple emf's have been obtained at the thermal 

Indicated arrest 

;I 2 4 0:8 3 2 
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temperatures are as follows: 

Chrome1 -Alumel 328 c 
Iron-Constantan 325 c 
Copper-Constantan 325 c. 

No drift in thermal emf has been noted since insertion of the capsule 
into the reactor. 

New Fuel Element Development 

Cluster Fuel Elements. Three, seven-rod cluster fuel elements operated 
satisfactorily during the past month in the ETR 3x3 loop facility. In- 
dicated specific power is averaging 70 kw/ft with a coolant outlet 
temperature of 280 C. Goal exposure for this irradiation is 1500 MWD/T 
of which 500 MWD/T has been attained. 

The maximum allowed specific power for NPR seven-rod cluster fuel elements 
has been assumed to be limited by channeling and inadequate mixing of the 
coolant around each rod, with consequent high localized water temperature. 
Eight, seven-rod cluster fuel elements made from nstural uranium co- 
extruded in 30 mils of Zircaloy-2 were chz,rge9 int:, th?e KER Loop 3 fscility 
with thermocouples placed into the coolant chsrnnels of the downstrean 
element. The data indicate that coolant channeling is not severe. 

To compare fuel element behavior using different clad thicknesses, four 
seven-rod cluster fuel elements with =-mil cladding and three elemnts 
with 30-mil cladding were charged into the KER Loop 1 facility. In 
this test thermocouples were also positioned in the coolant channels of 
the downstream element to provide additional data on coolant. mixing. 
Again, mixing was acceptable, agreeing with data on the first test des- 
cribed above. Goal exposure for this irradiation is 4500 MWD/T. 

Eight rods from four, four-rod cluster fuel elements discharge2 fro= 
the ECER Loop 2 facility early in November have been examined. 
examined have macrocracks throughout the central core regionc 
scopic examinations show finer cracks throughout the uranium structure 
but none in the cladding or bond region. Examinatiorsby electron 
microscopy show evidence of cracks in the Zircaloy-2 cladding. These 
cracks are fractions of a micron in width and up to 50 microns in length., 
Further examination will continue to detemine the cause of these cracks. 

All rods 
Micro- 

Fuel test KER-1-3, irradiation of a seven-rod cluster, NPR prototype 
fuel element, was completed in January. Exposure was 1200 MWD/T. The 
coolant bulk outlet temperature during the test was 270 C, heat output 
of the test was 12 watts/@. 
Zircsloy-2 clad uranium. 
in dimensions. 

The rods of each cluster are coextruded 
Underwater examination revealed no changes 

Tubular Fuel Elements. 
to operate at 14 watts/@. 
NPR crndidate element is 36” in length, clad with O.O3C” thick Zircalcy-2. 

The KER Loop 4 tubular element tests cont.inae 
Bulk coolant temperature is 230 C. This 
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Fuel for Present Reactors. 
destructive test to identify canned fuel elements having excessively 
frangible bonds (the so-called "brittle-bond" slugs), a simple test 
has been developed. Expansion of the jacket due to sudden application 
of heat results in the fracture of the bond if its cohesive or ad- 
hesive strength is less than the yield strength of the jacket material 
(ca. 4500 psi for #/245 AI. cans). A Fhonograph pickup with amplifier 
a% earphones properly applied identifies susceptible slugs by a suc- 
cession of "pings" in the earphones. Refinement of the test will 
involve screening out extraneous noises and the establishment of satis- 
factory heating procedures. 

In recognition of the need for a aon- 

The aluminum on two charges of C-64 clad I tic E fuel elements was nickel 
plated electrolytically using a Zincate premeatment and modified 
Thompson plating bath. These elements are to be irradiated under 
Production Test IP-207-A-E FP. The objective of this test is to eval- 
uate the effluent water contamination problems associated with the use 
of a nickel plate as a corrosion barrier. Two charges of electroless 
nickel plated fuel elements (plated off-site) also will be charged 
under this production test. The test is to be conducted in C Reactor 
andis tentatively scheduled for charging during the first outage in 
February. 

Work in cold closure is presently directed toward cold closing the 
I & E fuel element by forcing extended rings of internal and external 
jacket material to flow over the end of the element to form an annular 
ring joint. A satisfactory cold pressure weld has been repeatedly 
obtained in a ring joint which simulates the desired method of closure, 
This was obtained by allowing the ring joint interface to expand down 
into a small annular groove, simulating an annular groove in the element 
end below the interface, while the metal simultaneously expanded uz 
through the annular punch. 
element following development of satisfactory tooling fcr sizing th? 
jacket material onto the element inside diameter. 

This closure will be a+,teqted on the I & E 

Component Fabrication. 
for forming the ends of coextruded Zircaloy-2 clad urani-m rods into 
shapes which are desired for assembly into cluster elements. Results 
to date indicate the process is feasible. Different shapes and amounts 
of uranium have been removed from the end face of the rcd in attempts 
to thicken the clad wall in the formed region. The nost suecessfrrl 
attempt has merely maintained the original wsll thickness. The in- 
creased thickness is desired to simplify the elosare problem. 

Hot-heading is being investigated as a process 

A series of coextrusion billets have been prepared for extrusion on 
the 280-ton press in the Plutonium Fabrication laboratory. The billet 
designs and component fabrication were adjusted to determine the in- 
fluence of copper clad thickness and uranium structure on the uranium- 
Zircaloy-2 interface. 
ratio of 10:l. Fabrication of additional billets for coextrusion in 
the equipment being fabricated for use in the 306 Building has been 
partially completed. Components for ten billets have been prepared 
with the exception of the copper jackets and assenbly has begm. 

The billets will be extruded at a reduction 
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Closure and Joining. 
to accurately position them in the process tube is required. 
of accomplishing this is by resistance spot welding. A series of tests 
have been conducted to determine the effects of welding heat and presswe 
on the properties of the fuel element. It was found that the fusion area 
did not extend to a point where uranium contamination of the weld nugget 
occurred and the corrosion rate in the attachment area was nclt affected. 
This method can be used to attach supports to the jacket of NPR fuel 
elements without adversely affecting the quality of the element. 

A method of attaching supports to NPR fuel elements 
One method 

Allied Fuel Studies. 
clad uranium operating with a cladding surface temperature of 250-350 C, 
and a maximum fuel temperature of 450-700 C is of lqortance for Hanford's 
fuel element development work. 
five experimental assemblies with Zircaloy-2 clad coextruded uranium 
fuel rods are being or have been irradiated in the MI% and ETR. 
analysis and density measurements will complete the Radiometallurgy 
examination of GM-3-31, the first of the above fuel rods to be irradiated. 
GEH-3-32, presently undergoing irradiation in the MIX, has approximately 
65 percent of the 3500 MWD/T goal exposure. 
caused the average center uranium temperature to increase from 400 C to 
540 C during the month. GM-3-58, 3-57, and 3-59, all operating in the 
ETR, have approximate exposures of 1200, 875, and 500 MWD/T at average 
uranium temperatures of 550, 750, and 650 C, respectively. Goal ex- 
posure for these capsules is 2100 MWD/T. 
temperatures up to 100 C occur in all these GTR capsules. 

Knowledge of the swelling.behavior of unalloyed 

To provide initial uranium swelling data, 

Burnup 

Changes in reactor conditions 

Fluctuations in central uranium 

Operations Resezrch and Synthesis has performed a statistical analysis 
and correlation on creep rupture date. on Zircaloy-2 in connection with 
a calculation of the constraint of uranium swelling a fuel element 
jacket could offer. A least squares analysis fit of the data was made 
to a recently proposed equation based on the Ludwik exponential stress 
law for predicting creep performance. 
analysis were: 

The nain conclusions of this 

1. 

2. 

3. 

There is no significant difference between the correlation 
of sheet rdaterial tested in the transverse and longitudinal 
direction In the temperature range 150 to 500 C. 

The correlating equations for cold work a23 annealed 
Zircaloy-2 were significantly different, particularly 
in the activation energy for self-diffusion estinates 

.where the cold work estimate was nore than twice that 
of the annealed estimate. 

Time to rupture could not be predicted accurately with 
the equation. 

The study of the various parameters of NPR coextruded Zircaloy-2 clad 
uranium Puel which affect the failure Sehavior of defected fuel specjxens 
is continuing. The shear strength of the Zircaloy-2 to uraniun 5ond in 
coextruded rod specimens as affected by heat treatment has been detemined 
and varies from about 70,000 psi in the "as-extruded" condition dcwn to 
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about 13,000 psi in a diffusion treated oil quenched condition. 

behavior of defected specimens in a 300 C autoclave at 1250 psi during the 
;arly stages of failure depends upon the bond strength. 

the early stage of failure, and the 13,000 psi diffusion treated bond 
displays the least resistance to corrosion. 
specimens in Elmo #4 (ex-reactor high temperature high pressare loop) with 
various types of defects to advanced stages of fail-ue indicates that fuel 
corrosion rates may be about the same as for the “as-extrude3” ar.d beta 
treated air cooled conditions, but the degree of cla2 deformation and the 
potential for plugging of the process tube may be less in the beta t.reater3, 
air cooled (or lower bond strength) condition. 

The 

The 70,000 psi 
as-extruded’’ bond displays the greatest resistance to corrosion during 

DPfect test.ing of fuel 

Metallurgical Development. 
wall uraniun; tube was accomplished. 
1.75” OD, 1.50” ID, by 8” in length. This element component was formed 
by casting molten uranium at 1475 C into a graphite mold containing the 
Zircaloy-2 components, preheated to 950 C, at a gressure of less than 

cast element revealed uniform bonding throughout the length of the element 
with several shrinkage cavities near the element top. Several extrusion 
billets have also been fabricated by casting molten uranium metal directly 
into preheated Zircaloy-2 containers followed by beta heat treatment- 

The cast forming of a Zircaloy-2 clad thin 
The dimensions of this tube were 

mm of Hg. The cooling rate was 20 C per minute. Examination of the 

Facilities and Equipment. The installation of the new electron beam 
vacuum welding unit in 306 Building is approximately 85 percent complete. 
Tests indicate that the pumping rates and the performance of the power 
supply are satisfactory. 

2. REACTOR PROGRAM 

Coolant Systems Development 

X-8001 Alloy Local Attack. 
jackets was observed on fuel elements dischsrged from 3 Reactor. This 
attack is localized groove type pitting somewhat similar to the attack 
first noticed at H Reactor, but several differences were noted between 
this attack and the extensive pitting attack noted on the dovnstream 
piece in the H Reactor. The D attack does not extend over as great a 
surface of the fuel element as did the attack at H; the attack is a 
series of pits occurring in long, thin lines exclusively, indicating 
that mechanical scratches may provide sites for the attack, The most 
severe local attack on elements recently discharged from D Reactor was 
observed on one slug located in the seventh position from the downstream . 
end of the charge. This is in contrast to the H attack, which was always 
most pronounced on the last fuel element in the tube and was never ob- 
served upstream of the #5 pieces from the rear. 
fuel elements from D, a total of 36 pieces show some localized sttack. 

Moderate erosion-corrosion attack of X-8001 

In the five charges of 

Decontamination for NPR. Turco 4447 (Powdered 4503) was investigated 
as a decontaminant for carbon steel. The indications look promising< 
and the corrosion rste appears favorable an carbon steel. 3owever, this 
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solution is acidic and contains fluorides and. chlorides which are 
detrimental to stainless steel and Zircaloy which may be present in 
a carbon steel system. 

Further work with Turco-4512 with the cooperation of the Turco Company 
has produced a modification of this phosphoric acid cleaner which appears 
favorable from the standpoints of both DF and corrosion rate. 
centration in use is a 6$ solution of the T-4512 used at 60 C for 1/2 
hour to one hour. 

The con- 

Additional decontamination studies were completed this month using 
alkaline permanganate, ammonium citrate, and ethylenediaminetetra- 
acetic acid. The decontamination factor was quite high, 1500, but the 
corrosion rates were also relatively high. As yet, no satisfactory 
corrosion inhibitor has been found. 

Corrosion coupons placed in the KER-4 mockup tube during the Turco 4501 
decontamination showed very little penetration due to the decontaminating 
solutions. The average penetrations on precipitated 304 s/s, non- 
precipitated 304 s/~ and ~tellite-6 coupons were 0.036, 0.012, and 
0.076 mil, respectively, while Zircaloy-2 and Zircaloy-3 coupons were 
not affected by the decontaminating solutions. Coupons pre-exposed in 
300 C pH 4.5 and 290 C pH 10 water were effectively cleaned during the 
decontamination. Control coupons which were charged in the mockup tu3e 
after the decontamination are being exposed with coupons which were in 
the mockup tube during the decontamination to determine whether there 
are any long term corrosion effects due to decontamination. 

Precipitated and non-precipitated 304 stainless steel coupons pre-treated 
in the Turco 4501 decontaminating process are corroding with the same 
rates as non pre-treated coupons in 300 C pH 4.5 water after 1200 hours 
exposure. A similar test in 290 C pH 10 water does not indicate any 
effects of the pre-treatment on the corrosioo rate. The total penetra- 
tion after 1200 hours is 0.009 mil in the pH 10 water compared with 
0.04 mil in the pH 4.5 water. 

Non-Uniform Corrosion Studies. The caustic embrittlement test on a 304 
s/s specimen was terminated after 1000 hours and examined for cracking. 
No cracking was found. A sample of A-212 carbon steel was placed mder 
test and will be exposed to a minimum leak rate at 300 C and an initial 
pH of 10.0: No stress cracking has been found on either 304 s/s or A-212 
carbon steel, at 300 C under concentrating caustic conditions. A study of 
Zircaloy-2 fretting corrosion has been under way using a Zr-2 spring wire 
rubbing on a Zr-2 coupon in a 300 C, pH 10.0 (with liOH) environment. 
Examination of the device has not been made at the time this report was 
written. 

Control of Water Purity in Low pH Systems. 
HqPO4 regenerated mixed-bed resin continued to demonstrate advantages over 

Clean-up of the water through 

wf;ter not treated in this fashion. 
maintained by such deionization. 

Lower impurity concentrations were 
A mixed-bed resin regenerated with H3PO4 
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has been used in Loop KER-4 to regulate pH and remove contamination from 
the water. The behavior has beer errLtic. It is apparently difficult 
or impossible to control pH by this method. However, this resin bed has 
removed crud and radioactivity fro3 the water quite efficiently. 

Corrosion of Al-minuzll Under Rest-Transfer Conditions. %e San Jose 1cq 
studying corrosion of aluminan mder high heat fluxes has coEpleterl a 
1000-hour test. 
12, 14, and 16 feetlsec. Control samFles with no heat flux wer~ also 
studied. 
test is being scheduled for this loop to be operated for 2000 hours and 
with better control over the flow through the al-minlm heater sec+ions. 

The ccnditions are 280 C, p3 6, l5O,OOO Btu/hr-ft2, at 

Szmples will be sent to Ranford for data determination. Another 

Raw Water Heat Exchanger Tests. The Dowtherm Lo~p has been operating 
usinn raw Columbia River water as the coolant for a carbon steel keat - 
exchanger. 
was resumed with maximum pipe wall tezperatures of 345 F 

hr-ft2 F. 

Outlet temperature ofthe water is 212 F. Since the test 
the over-all 

heat transfer coefficient has dropped from 510 Btu/hr-ft 9 F to 456 Btu/ 

Descaling Studies. 
carbon steel coupons placed in the effluent line during the Elmo #1 de- 
rusting were so much higher than those predicted by beaker tests. It 
was found that the presence of ferric ion in the de-rusting solution 
greatly accelerates the attack of t.he solution on carbon steel. Coupons 
exposed for one hour at 60 C in de-rust.ing solution (ir,hibited HzSO4) 
with 10, 500, and 10,000 ppm Fe2(SO)+)3 had penetrations of 0.006, 0.028, 
and 0.23 mil, respectively. 

Tests were run to explain why the penetration on 

Rupture Testing. 
elements were rupture tested in 300 C water. 
that have been beta-heat-treated are superior to the as-extraded pieces 
in rupture performance. Several beta-heat-treated pieces have shown no 
more swelling or cladding splitting after increased exposures of two or 
three hours than they did after one hcur's exposure, although the mount 
of uranium attacked had increased. 

Several coextruded Zircaloy-2 jacketed Uranian fuel 
In general, the pieces 

Two beta heat-treated rods tested with pre-defect slits 30 mils wide, 
300 mils deep, and three inches long had only minor damage, slight 
swelling at each end of the slit, after one and two hours' exposure. 
Two corresponding as-extruded pieces exhibited considerable swelling 
at the ends of the slits after one hour, and large amounts of swelling 
and clad splitting progressing away from the slitted ends after two 
hours' exposure. 

A wire wrapped KER-size seven-rod cluster required TOO pounds force to 
remove from the 2.08 " ID Zr-2 tube after one hour's exposure. Two of 
the rods were pre-defected with 25-mil holes 

Eight beta-heat-tretited rods with various Finhole and slitted defects 
were tested for one hour's exposure. 
each exhibited a raised mound about 1/8" diameter. 

Two rods with 25-mil side defects 
Two rods wit.h 

.c 
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25-mil pinholes in the end cap did not show any rupture damage. Two rods 
with slits 30 mils wide, down to the uranium, and three inches long ex- 
hibited small bulging at the ends of the slits. The other two rods which 
had been pre-defected with slits 30 mils wide down to the uranium for the 
full length of the rods, underwent considerable damage at the end caps. 

Rupture Tests on Heated Fuel Elements. An initial test was made with 
power to two of the 0.63" OD co-extruded rods in a seven-rod cluster. 
After three minutes of 25 KU power input, the rods burned in two. Water 
temperature averaged about 500 F. 
was 100 gpm, but post-examination indicates that some of the water could 
have been by-passing the fuel element rods. kcrther tests are scheduled, 
including both tubular fuel elements and rod-cluster types. 

Water flow through the test section 

Thermocouple Tests. 
purpose of these tests is to determine how much hotter the inner flow 
channels of seven-rod clusters become than the outer ones due to the 
unmatched split of water flow and heat generation at the different loca- 
tions. The first test is essentially complete and will be discharged at 
the next outage; the outlet temperature was 200 C; the heat flux was 
about 225,000 Btu/( hr) ( ft2). 
clusters operated at 450,000 Btu/(hr)(ft2) at an outlet temperature of 
225 C. 

Two thermocouple tests are being run in KER. The 

The second test with enriched seven-rod 

The results from the two tests were essentially in agreement and showed 
that the temperature differences were not alarmingly large. It appears 
that the temperature difference is a function of the heat flux. 
experiment was comparable to NPR conditions B50,OOO Btu/(hr)(ft2)_7- 
this test the temperatures varied from 210 C to 250 C, the outlet tempera- 
ture being 225 C. 

The last 
In 

From these tests it is tentatively concluded that temperature mixing may 
be sufficient to make the addition of spiral mixing wires or various rods 
unnecessary from a heat-transfer standpoint. 

Structural Materials Development 

Zircaloy Process Tubing. 
fabrication of ribbed and ribless B-D-F type and NPR type Zircaloy-2 

Development programs to solve problems in the 

process tubes were continued at several sites. 
to proposals for the fabrication of 100 ribbed B-D-F tubes and 70 NPR 
tubes. 
be completed in February. 

Major effort was applied 

Contract negotiations are under way on the B-D-F tubes and should 

Process Tube Design Criteria. The program of creep testing Zircaloy-2 
at Battelle Memorial Institute was expanded by five creep-testing units, 
bringing the total to twenty. Contract negotiations are being initiated 
to provide direct support of this work during FY-60 and 61, An analysis 
of all of the available creep deformation and creep rupture data is being 
prepared for publication. 
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End-closures capable of withstanding 12,000 to 14,000 psi internal pressure 
at 650 F are being sought to permit rupture testing of the NPR tubing. A 
new design has been tested to 14,000 psi at room temperature and elevated 
temperature tests are in progress. 

Nonmetallic Materials Developaent 

Graphite Development. The second phase of testing candidate NPR graphites 
has begun with the arrival of samples from National Carbon Company and 
Speer Carbon Company. 
stocks or small samples that could be prepared on short notice which would 
permit testing of the relative radiation stability of graphites from new 
coke sources at the earliest possible date. Samples typical of the size 
and process to be used for NPR graphite are now srriving. 
4 x 4 x 50-inch extrusions from the National Carbon Company of AGOT pro- 
cessed Socony Vaccum coke and Continental coke. The latter is similar in 
nature to the old Kendall coke which contracted least of the cokes tested 
at high temperature but is no longer available. Samples from Speer Carbon 
Company are also 4 x 4 x 50-inch extrusions; however, samples have been 
provided which typify variations in purification techniques and coke type. 
Graphites from furnace loai 3s purified by means of a chlorine process 
and let down in argon and 1. rogen atmospheres will be compared by mear-s 
of 305 Test Pile purity results. Samples prepared from Sohio Lima coke 
and Texas Lockport coke with additives to improve density will also be 
purity tested and irradiated to determine property changes. 

Kl!R Shim Rod Conversion. 
MTR L-42 position for high temperature irradiation of graphite tests ur- 
gently needed to assist in the selection of NPR graphite, an alternate 
irradiation facility has been designed. This new device consists of a 
sample-bearing shim rod in the L-48 position and is expected to duplicate 
irradiation conditions obtained In the L-42 irradiafion. The modified 
shim rod has been designed to operate with essentially the sa5 reactor 
control characteristics as a regular rod so as to minimize changes in the 
reactor operating conditions. 
this proposed modified shim-rod experiment with personnel of the Phillips 
Petroleum Company, it is expected that this conversion will be accevted 
for operation in the MlQ provided the working assembly meets certain 
qualifying tests. Final approval by the Phillips Petroleum Comgany Safe- 
guards Committee will also be required. 

Earlier samples received were largely froiri electrode 

Included are 

Because of existing conflicts in the use of the 

Based on detailed informal discussions of 

Fabrication of a test head, containing the electrical connecting mechanism, 
has been started, and tests of this device will be made during a future 
MTR outage. 
coupling, which must be greater than 500 pounds, the effective release 
time, and the operation of the connecting mechanism. Construction has 
been started on parts for two shim rods. The target date for charging 
the first experiment into the MI3 is April 1959. 

These will demonstrate the holding capacity of the magnetic 

High Temperature Graphite Irradiation - GM-13. 
oew high temperature graphite irradiation experiment, GEH-13, is nearing 
completion. 

The fabrication of a 

Graphite samples will be irradiated in two corner positiocs, 
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S-5 and N-14, in the Engineering Test Reactor. 
three inches long and 0.426 inch in diameter will be irradiated in each 
experiment to determine property changes resulting from high neutron doses 
at high temperatures. 
sample temperatures in the first experiment, which will be monitored but 
not controlled, are calculated to be 1300 to 1700 C in the high flux 
position and 500 to 800 C in the low flux position. 

Eight cylindrical samples 

Depending upon the amount of gma heat generated, 

Plans now call for charging the first experimental thhble into the ETR 
during February. Data from these tests will provide infomtion helpful 
in the development and selection of inproved graphites for use in high 
temperature reactors. 

Intermediate Temperature Graphite IrraSiation, IP-22. Property changes in 
common graphites resulting from reactor irradiation at 30 C and 400 to 
500 C are quite well known. 
tures are less well known even though large volumes of most graphite re- 
actors operate in this range. 
intermediate temperature irradiation test, is being re-activated after a 
dormant period of many months* 
at a steady rate with loading in a Haford reactor planned for the latter 
part of February. 
containing two standard graphite samples heated by individually controlled 
heaters. Temperature settings of 200, 250, 300, and 350 C are planned for 
the test. 

Radiation effects at the intemediat.e tempera- 

A production test, IP-22A, which is an 

Assembly of the various parts is continuing 

The assembly consists of four sections with each section 

X-Ray Study of Radiation Damage. 
irradiated at 30 C from 0 to 4100 MWD/AT have been Investigated for the 
influence of irradiation on the integrated and peak intensities of the 
(002) x-ray diffraction lines. Through the use of NaCl powder as a 
standard, the relative diffraction intensities were determined from 
powdered graphite samples. 

A series of CSF graphite samples 

Both the integrated intensity and the Feak intensity were found to change 
drastically upon irradiation. 
the peak and integrated intensities were found to decrease rapidly to 
1000 W/AT. 
initial value for unirradiated material. The intensities decreased more 
slowly with irradiation out to the highest exposure in this series of 
samples, 4100 MWDIAT. The integrated intensity was reduced to 10 percezt 
of the initial value after this exposure. This decrease in intensity can 
be attributed to a decrease in the volume of material with sufficient 
crystalline regularity to satisfy the conditions for the diffraction of 
x-rays. In addition, the sensitivity of this parameter to short cold test 
hole irradiations suggests this method as a means of monitoring damage 
from hot test hole irradiations. 

Xn common with other physical properties, 

At that polnt the integrated intensity was 30 percent of the 

Radiation Induced Oxidation of Plastics. By accounting for the diffusion 
and activation of oxygen through polyethylene during gma irradiation, a 
theoretical equation has been developed which accurately predicts the 
degree of oxidation in air. The equation predicts the amount of oxidation 
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product (carbonyl groups) within * 5 percent for the following range of 
conditions studied to date: 

Total dose 5 x 106 to 1 x 108 r 
Dose Rate 1 x 106 to 5 x 106 r/hr 
Sample Thickness 0.001 to 0.025 inch. 

Other experiments are in progress to extend the dose rate range from lo> 
to 107 r/hr. 

Thermal Hydraulics Studies 

Reactor Flow Hazard Studies. Heat transfer experiments were performed 
which Limulated the events to be expected follc?-:ng the rupture of a front 
hydrmlic connector on a charge-discharge tube at C Reactor,’ In these 
experiments the piping rupture was simulated by the instantaneous diversion 
of flow to the drain from a process tube containing an electrically heated 
mockup of a loading of I & E fuel elements. 
indicated the pressures, temperatures, and flows encountered during the 
experiments. 

Fast responding icstrumentation 

The most severe case investigated was under conditions of 1000 Kw initial 
tube power, a 3-1/2-second delay between simulated rupture and start of 
power decay, initial rear header water temperature of lo5 C, and a rear 
header pressure of 10 psig. During this case the reverse flow of water 
back through the tube from the rear header was sufficient to prevent 
temperature on the surface of the fuel elements mockup from exceeding 
550 C. 
surface temperature existed for about fifteen minutes after the simulated 
rupture and occurred toward the rear header end of the tube. 

Two points of interest noted in this case were that the maximum 

It is clear that at very high power levels or very low rear header pressures 
a reactor process tube could not sustain a rxptured frort hydraulic connector 
without severe damage. 
that the limits of power level and rear header pressure at which severe 
damage would result from a ruptured hydraulic connector may be slightly 
beyond the values which are currently encountered at the reactors. 

However, it appears from experbents run to date 

Hydraulic Studies. 
investigation of orientation and pressure drop effczts of vire waps on 
seven-rod cluster fuel elements for the NPR. Preliminary pressure drop 
measurements were conducted for wire wrap pitches of two inches, four 
inches, and ten inches as well as for the non-wrapped seven-rod asseIzbly. 
These preliminary data show a ratio of the pressure drop for the wrapped 
condition to the pressure drop for the non-wrapped condition of about 1.5, 
3.5, and 9.5 for the ten-inch, four-inch, and two-inch pitches, respectively 
The pressure drop for the non-wrapped case was found to be between 10 and 

Considerable data were obtained in the laboratory 

20 percent less than 
concept and accepted 
but slight effect on 
the wire on adJacent 

would be predicted by using the hydraulic radius 
smooth tube friction factors. There is a detectable 
pressure drop with respect to reletive spacing cf 
wrapped rods. 
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The prototype fuel element used in these experiments 
aluminum rods, 0.780 inch OD by 70 inches long, with 

consisted' of seven 
the six outer rods 

wrapped in alternate directions with 0.086 inch OD copper wire. 
pressure drop data were obtained both with and without the effects of 
end fittings. 

The 

Heat Transfer Calculations. 
transient fuel element temperatures ( in particular, surface temperatures) 
under flow interruption conditions in the KER loops. The purpose of this 
analysis was to determine the maximum shutdown time for various cwdftions 
of flow interruption. 
it would take approximately five minutes before boiling would take place 
with no flow through the tube. 

An analysis was completed to determlne 
I - 

It was found that at twenty ho-us after shutdown 

Solutions to the problem of predicting temperature events in present 
Hanford reactors following a complete water loss were attempted on the 
UCLA IBM 709 computer. 
that the cause was smell errors in the preparation of the inputs. 
calculations will be used as a test problem for the new Hanford 709 
machine. 

The solutions were erroneous, and it was believed 
These 

Critical and Two-Phase Flow Experiments. 
made on a device to measure the momentum of steam-water mixtures. Such 
a measurement would aid in the determination of steam quality and the slip 
ratio in flowing mixtures of water and steam. Calibrations have been 
attempted statically with nitrogen gas an8 dynamically with flowing cold 
water. The difference between measured and calculated vtilues at flows u? 
to 100 gpm with cold water have amounted to a niaximum of four percent 
except at the lower flows. 
anical phrts within the device has caused poor results at the lower flows. 

Further calibration tests were 

It was concluded that binding between mech- 

fi test section was designed to study the pressure drop characteristics of 
the steam escape channels in the NPR graphite lettine. 

Miscellaneous. The installation of the 32,000 ampere silicon rectifiers 
and tissociated equipment to provide additional heat generation ca2acity 
in the heat transfer laboratory is approximately 25 percen+, coxplete. 

A project proposal, "Modifications and Additions to the High Pressure 
Heat Transfer Apparatus, 189-~ Building," was prepared and is being 
circulated for approval. 
the capabilities of the existing high pressure apparatus to accomndat? 
the additional heat generation of approximately 4000 KW available under 
Project CG-661, (2) add to the existing apparatus to allow transient type 
experiments to be performed, and (3) provide the additions required to 
allow experimentation with short test sections. 

Proposed modifications are to (1) increase 

Mechanical Equipment Development 

Organic Cooling System Components. 
hours during the month at temperatures between 300 and 350 C using 
terphenyl - biphenyl eutectic mixture as a coolant. 

The MOTS-1 facility operated for 440 

The thermal cycling 
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test section was repaired and tested. 
now be completed in 2-1/2 minutes. 
anical seals in organic coolants, was issued during the month. 

A heating and cooling cycle can 
W-58758, the final report on mech- 

Reactor Technolorn Development 

Shielding Studies. The foils from the first test on ferrophosphorus 
concrete baked at 300 C have been irradiated and are being counted at - 
the present time. 
to measure the gamma attenuation after the 300 C bake. 

The foils from the first test on ordinary concrete baked at 300 C have 
been counted and the data sent to IMB. The foils from the second test 
have been irradiated and are being counted. 
placed in the ordinary concrete slabs, and the slabs are being irradizted. 

Ionization chambers were placed in the test slabs 

The third set of foils was 

The foils from the test on pure iron have been counted and the data sent 
to IBM. An irradiation was made in the E test hole at the 100-F Reactor 
to calibrate the sulfur foils used in fast neutron attenuation measure- 
ment s. 

Fabrication of the test insert for the boron steel thermal shield test 
is 85 percent complete. Ninety percent of the thermocouples have been 
installed. 

All chassis of the 100-channel analyzer have been set up and have been 
observed to operate correctly in their factor-. condition. 
adder and add-storage circuits were bread-boarded, installed temporarily, 
and run for three and one-half days with no adjustments. These circuits, 
using the 5844 computer tube, have much more drift stability than the 
original circuits and are therefore being installed permanently. 

The ORNL 

B. WONS - 3000 PROGRAM 

Research and development in the field of plutonium metallurgy continued in 
support of the Hanford 234-5 Building Operations and weapons developnent 
programs of the University of California Radiation Laboratory (Project Whitney) . 
Details of these activities are reported separately via distribution lists 
appropriate to weapons development work. 

i 2bOE44 
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C. FWiCTOR DEyELOPbhT - 4000 PROGRAM 

1. PLUTONIUM RECYCLE PROGRAM 

Plutonium Fuels Development 

PuOpUOp Irradiation Capsules. Four capsules of Zircaloy-clad, sintered 
K02-UOg mixed crystal oxides in a U02 matrix are awaiting irradiation 
in the MTR. 

High Burnup Al-Pu Alloy Capsule Irradiations. 
TGEH-14-23 through 26) containing Al-1.65 w/o Pu and Al-1-65 Pu alloy cores 
are currently being irradiated in the MTR. 
prior to the initiation of MI33 Cycle 116. 
be irradiated for three cycles and one of each for four cycles, wnich 
correspond to a fractional burnup of plutonium atoms of 80 and 100 percent 
or a total atom burnout of 0.15 and 0.19 a/o, respectively. 
tests are designed to verify and suFplement the earlier GFZ-3-24 test. 

Four Zircaloy-clad capsules 

The specimens were charged 
One capsule of each alloy will 

The capsule 

Al-Pu Alloy, PRTR Clusters for XER Irradiation. A four-rod, Zircaloy- 
c16d cluster (IP 186A) containing M-8 w/o Pu and Al-12 w/o si-8 w/o Pu 
alloy cores was discharged from Loop 3 of the KER facility. 
handled during the ejection operation and is in good condition. 
ments are being made for examination of this cluster in the Radiometallurgy 
Laboratory. 

It was well 
Arrange- 

A second cluster, which is of similar design and which has been at the 
reactor since August 1958, was scheduled (HW-56805) for chsrging into 
Loop 1 of the KER facility during the first quarter of 1959. Word was 
received that the cluster will nct be charged as scheduled. It was in- 
dicated that the next opportunity for testing this element might occur 
about April 1959. 

Thermocouple-Equipped, Prototype PRTR Cluster for KER Irradiation. 
seven-rod cluster with extruded ~1-1.8 w/o Pu alloy cores and Zircaloy-2 

The 

jacketing is being fabricated and will be irradiated in the KER facility 
on an extension of the IP 186~ test. 
being examined. The cladding components have been machined and partially 
welded. 
currently being tested in the Elmo-'7 Loop by Coolant Systems Development. 

The seven-rod cluster with aluminum cores and stainless steel cladding 
will be subjected to fluid flow tests in the near future but is curreritly 
being used as a model to aid in determining the best solution to the 
thermocouple connection problem. 

The cores are completed and are 

The proposed thermocouple connection was designe9 by and is 

PuOp Impregnated Graphite Capsule Irradiations. 
containing graphite which has been impregnated with PuO2 are being pre- 
pared in an effort to investigate the irrsdiation stability of this fuel 
material. 
525 and 780 C. 

Irradiation capsules 

The samples will operate at core temperatures of about 350, 
All of the components for the experiment have been fabricated, 
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, 

and the graphite cores are being impregnated by the Heavy Element Chemistry 

group. 
tion. 

Assembly of the experiment is awaiting completion of the impregna- 

Prototype Al-Pu Alloy PRTR Clusters for FX? Irradiations. 
Zircaloy clad cluster experiments are being fabricated for irradiation 
testing in the 3x3 and 6x9 high pressure-high temperature loops in the 
BXR. 
the 3x3 loop and a 19-rod cluster is being fabricated for irradiation 
testing in the 6x9 loop. 
for the initial plutonium-containing elements for the PRTR. 
will be 47 inches long with an active fuel section of about 35 inches. 

Two a-Pu 

A seven-rod cluster is being fabricated for irradiation testing in 

The cluster design is the same as that anticipated 
Each cluster 

Unsintered PuOp-UOp Powder Irradiation. Uranium dioxide powder enriched 
with 1.0 w/o Pu02 was successfully irradiated in the Ml'R at a calculated 
heat flux of 380,000 Btu/hr-ftz and a core temperature of the order of 
5000 F. A three-rod, Zr-2 clad cluster was employed, two of the rods 
being enriched with Pu02 and the third enriched with 2.44 w/o U-235. 
Original powder density was 5.0 g/cc. 

After irradiation in the GEH-4 facility for one MI3 cycle, visual external 
examination indicates no dimensional changes. Radiometallurgical examin- 
ation revealed a sintered, cored, ceramic compact which was easily removed 
from the tube. The U02 was largely composed of large, columnsr, radially 
oriented grains. The inner surface of the central cavity was glazed, and 
one small central body was observed which apparently had melted. A thin, 
unsintered powder layer persisted adjacent to the cladding. 
containing rods were inadvertently cut during preparation for their return 
from the MTR so that fission gas analysis is not possible. 

Both Pu02- 

Sintered PuO2-UO2 Irradiations. 
comparable in specific power generation to a-1.8, 5, 10, 15, and 20 w/o 
Pu alloys have been prepared at densities of 65 and 90 percent of theoreti- 
cal for irradiation in the KEI. 
tration will be loaded into two Zircaloy capsules for exposure to 25-56 
plutonium atom burnup. 
number assignment. 

Preparation of Mixed Crystal PuO2-U@. Complete solid solutions have been 
formed in physical mixtures of U02-Pu02 sintered for four hours at 1600 C. 
The lattice constant, interplaner distance, and Nelson-Riley value for the 
individual reflections from each diffraction pattern was obtained on the 
IRM 650 cckputer. 
to 50 w/o Pu02 was obtained by extrapolation of lattice constants against 
the Nelson-Riley value. 

Mechanical mixtures of U02-Pu02 which are 

Six pellets simulating each alloy concen- 

The pellets will be canned and autoclaved upon GEH 

A near linear plot of composition lattice spacing up 

The observed and expected lattice function parameters follow: 

UNCLASSIFIED 
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Lattice Parameter 
Composition Extrapolated Vegard' s Rule 

Pu02 593964 8 5.3960 8 
U02 - 50 Pu02 5.4315 5 4327 
u02 - 25 PUO~ 5.4478 5 04515 
u02 - 16 PUO~ 5.4592 5.4568 

uo2 5 4675 5.4682 

The estimated tolerance on all values is 0.0004 8. 

u02 - 10 Pu02 5.4615 5.4615 

Extrusion Program. 
extrusion press has been completed. 
is now proceeding. 
core material rods are now being set up. 
lar cylinders with a nominal 2.5-inch diameter and a length of 10 inches. 
These will be extruded at a 27 to 1 reduction in area per extrusion, re- 
quiring approximately 200 tons. 

Installation of auxiliary equipment on the 280-ton 

Final operating procedures for production of Al-Pu 
Sealing of the hood for hot operation 

Billets are csst as right circu- 

Two cores will be extruded per billet. 

Air Pressure Injection Casting. The density of aluminum, injection cast 
irAto Zr-2 tubing, was not improved when the tubing was heated to 800 C 
in a vacuum of one micron for three hours prior to casting. 
of the gas which causes up to lC$ porosity in the aluminum castings may 
be interstitial hydrogen In the tubing since lubricant would be removed 
by the outgassing treatment, and even a multimolecular layer of adsorbed 
hydrogen on the tube walls could not account for the observed porosity. 
Since the tubing was outgassed in a furnace tube heated by a traveling 
furnace, it is probable thst the interstitial hydrogen was not removed 
because such a system would establish a hydrogen concentration gradient 
between the hot and cold portion of the Zr tubing thus causing the hydrogen 
to diffuse back into the previously outgassed section. 
jection cast aluminum core of low density was submitted for gas analysis 
to identify the gas or gases causing porosity. One smple of the lot of 
tubing which has been used for injection casting contained 32 ppm hydrogen. 
One-hclf of this volume of gas could be responsible for the observed 9 to 
lC$ porosity in the aluminum injected into the Zirczloy tubing. 
facility is being prepared to heat the full length of Zr tubing to 800 C 
in a VGCUUIP of less than one micron. 
reduced to approximately five ppm it may be possible to obtain fuel rods 
of 98$ density similar to castings made in stainless steel tubing. 

The identity 

A sample of an in- 

A 

If the hydrogen content can be 

Al-Zr Bond Strength. 
4000 to 5000 psi, were formed between injection cast aluminum cores and 
properly etched Zr tubing. 
capable of reducing the OD of 0.030 inch wall Zr tubing from 0.003 to 
0.006 inch while the aluminum was contracting, during and after solidi- 
f icat 1 on. 

Al-Zr bonding layers, with tensile strength of 

Metallurgical bonds of this nature were 
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Corrosion of Al-Pu' Alloys. 
has been installed in a hood for cxrosion testing of bare and clad, 
defected plutonium alloys. Due to temperature control probleFs, no 
quantitative results have been obtained to date. However, aluminum- 
plutonium alloys containing 12 w/o silicon hsve been shown to be far 
superior to aluminum-plutonium alloys frm a corrosicn standpoint and 
appear to have useful corrosion resistance in 350 ir water. For aluminum 
alloys containing up to 13 w/o plutonium (the highest percent tested) 
the corrosion resistance improves with increasing plutonium content, but 
the improvement does not appear to be useful at 350 degrees. 
sensitivity of these alloys to work has also been established. 

A high pressure, high temperature autoclave 

The corrosion 

Collapsing Tests on Zircaloy-2 Tubing. The PRTR fuel elements will re- 
quire a gap between the Zircaloy end caps and the core to allow for the 
difference in thermal expansion between zirconium and aluminum. To 
determine the strength of various lengths of unsupported 0.030" wall 
Zircaloy tubing, capsules containing gaps of 1/8" to 2" were tested 
under increasing pressures at 400 C. 
series. 

Table I gives the resfits of this 

Table I 

Unsupported Length 

3/8" 
1/2" 

3/4If 
2" 

Collapsing Pressure psig 

2500 
2500 
2300* 
2300 
2200 
a75 
1700 

*I?oticesble indentation, but not collaysed. 

Fuel Element Warp Test. 
tubes were loaded with pure aluminum rods and welded at both ends. 
ametral clearance between the Al cores and the Zircaloy tubes was more 
than 0.004 inch. 
and 130 psig for 72 hours. 
developed a two-inch bow or permanent set. 
occur in the PKITR, serious fuel element operating and handling limitations 
would result. It was discovered that the warp might have occurred because 
the tubes had previously been cold worked by swaging and that stress relief 
could have taken place. 
rested at a slight angle in the autoclave which may have caused them to 
distort. 
will be the case in the l9-rod cluster. In view of these faets, a more 
thorough experiment was instigated. 

Two l/2-inch diameter by eight-foot long 'Zircaloy 
Di- 

The loaded tubes were exposed in an autoclave at 430 C 
At the end of this exposure the rods had 

If this situation should 

Also, the tubes were supported on the bottom and 

Another factor is that the tubes were not bound in a bundle as 

Twelve full length rods and tubes are being fabricated to investigat,e 
the wzrp problem, if one exists, 2nd at the sane time furnish infornation 

124DVi8 
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on a number of other questions. Points of interest are as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

The possibility of a warp problem will be investigated. 
The rods and tubes as assembled will be fully annealed. 
They will be hung from the tops and exposed in an auto- 
clave at 400 C and 1500 pig for '('2 hours. 

Information will be obtained on the problem of inserting 
an eight-foot Al rod into a Zircaloy tube which has one 
end closed with a maxhnum diametral clearance of only 
0.003 to 0.004 inch between the rod and tube. Problems 
arise because of variations in the inside diameter and 
ovality of the Zircaloy tubing. By selecting rods and 
tubes, and vibrating the tubes, it was possible to assemble 
a rod and tube which had a maximum of 0.005 inch clearance 
and a minimum clearance of 0.0025 inch. It is questioneble, 
however, that with the difficulties experienced thus far 
this assembly method will be satisfactory. 

It will be attempted to determine whether the end cleerance 
necessary for differential thermal expension between the 
fuel rod and tube must be distributed at each end, or if it 
can be at one end only. Two tubes will be heated in the 
autoclave to determine the effect of no end clearance. 

The end closure welding techniques will be tested on full 
length elements. 

It will be determined whether or not the Zjrcaloy tubes and 
wires can be cleaned and etched prior to wrapping and auto- 
claving. 
handled very carefully in order to prevent contamination 
of the surfaces with resulting autoclave failures. 

After etching, the components will have to be 

The performance of the Zircaloy wire wraps upon heating to 
400 C will be demonstrated. 

If the tubes do not distort after this test, they will be 
cold worked by swaging to simulate a sizing operation and 
exposed again in the autoclave. This will furnish infor- 
mation on the effects of sizing the tube onto the core if 
this becomes necessary. 

Welding Development. Experiments are being directed toward making the 
first closure on the PRP Zr canned fuel elements in a portable purge 
chamber using argon. Ten weld specimens were welded in this manner, 
after etching and autoclaving the heat affected and weld zone showed no 
corrosion product present. 

Cluster Design Engineering. 
fuel element rods is being studied. 

The problem of autoclaving wire wrapped 
hro difficulties are found when 

attempting to etch and autoclave a wire wrapped rod. The first is the 
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inability of the etch solution to penetrate between the contact point 
of rod and wire. This leaves a small helical line on rod and wire 
which remains unetched. 
be coLted with white breakaway corrosion oxide. 
arises when acid stain is created in the crevice formed on each side 

of the junction of wire and rod. The acid cannot be removed by normal 
rinsing techniques. One 12" Zircaloy dummy fuel rod whizn had one 
pitch length of wire wrap attached was etched using ultrasonics in the 
etch solution, the Al(N03)3 solution and i_n. the first rinse water. 
After the standard autoclave test of 72 hours in 400 C s%eam at 1500 psi 
pressure, the rod and wire were free of white breakaway corrosion product. 
There was only a very 2i.a outline of tn acid stain at one end of the rod. 

Unetched Zircaloy when autoclaved tends to 
The second problem 

A drilling fixture has been completed which will drF11 a hcle in the 
bottom end cap of a welded fuel elemect tube. 
the holes in the sane place and space then the reqJired %-'I apart. 
will also align and space the second pinhole in the center rod end cap. 

This fixture will align 
It 

U02 Fuel Development 

PRTR Fuel Elements. 
PRTR was initiated during the month. 

Fabrication of sweged cllister fuel elenrents for the 
Five hundred pounds of U02 were 

prepared for swaging by crushing sintered U02 biscuits. 
was screened to -x) + 100 mesh, and decontaminated from iron introduced 
during crushing by passage through a magnetic separator. 
vacuum outgassed at 700 C before loading into tubes for swaging. After 
outgassing, the powder was loaded into Zircaloy-2 tubes and tke assemblies 
were swaged from 0.75" OD to 0.566" OD. 
to about 8696 k 1$ of the theoretical density. 
this swaging, which provides positive control of rate of rotstion ad 

feed of fuel rods. 
rods by removing operator variables. Swaged rods were cut to length, 
counterbored and closed by welding end caps in the ends. 
tests of swaged rods included visual inspection, leak testing, radio- 
graphic examination of the welds, eddy current, and dye penetrant exam- 
ination of the cladding, and autoclaving. Assembly of rods into fuel 
elements will begin next month. Initial fabrication efforts have been 
used to define limits for process steps and accept.ance criteria. 
examples, the use of an outgas hole in the end caps was adopted to im- 
prove the quality of welds, and the final swaged diameter was increased 
from 0.563 to 0.566 to allow for metal removal by buffing ad etching. 

The crushed U02 

The U02 was 

The swaging compacted the powder 
A feed device was used for 

Use of this device has increased the yield of swaged 

Quality control 

As 

Fabrication Development. 
is to a large extent dependent on the nature of the powder. 
of preparing UOg for swaged fuel elements were campared. 
original ball-milled PWR grade U02 powder, the highest swaged densities 
were obtained from U02 powders prepared by isostatic pressing, sintering, 
and crushing, or by isostatic pressing, granulating and sintering of 
loose powder containing 0.1 percent Ti02. 
packed into 0.750" OD x 0.030" thick Zircaloy tubes and swaged to a final 
diameter of 0.563". 
of the theoretical density of U02. 

The UOg density obtained by swaging in Zircaloy 
Seven methods 

Fron the 

U02 powders were ur,iformly 

The densities were 86.3 and 85.9 percent, resTectively, 
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A technique was developed whereby 45-pound lots of bcll-milled U02 powder 
c-ntaining no binder are isostatically pressed into a billet approximately 
three inches in diameter and two feet long. 
sintered in a four-inch ID hydrogen tube furnace. 
prepared by more conventional methods of cold die pressing can be sintered 
at one time in the same furnace. 
for incorporation into swaged PRTR fuel elements. 
such as arc-fused UOg, and other techniques, such as hot swaging, are also 
being investigated to optimize this fabriclztion process. 

A difficulty in mechanized welding of Zircaloy-2 was the initiation of an 
hrc in a pure helium atmosphere. 
en insulating sleeve around the tungsten electrode to restrict the high 
frequency arc to the end of the tungsten tip. 
starting is obtcined for low as well as high weld currents. 

The resulting billet can be 
Only 25 pounds of U02 

U02 prepared in this nanner is crushed 
Other types of Fawder, 

I 

This has been eliminated by the use of 

Reproducible, instat ilrc 

six-18" long, four-rod cluster fuel elements containing 1.6 w/o enriched 
U02 swaged to a density range of 84-89 percent of theoretical in 0.036" 
wall 304 stainless steel were discharged from KER Loop 1 after a five- 
month irradiation cycle. 
in the discharge basin showed no fuel rod distortjon, swelling, or cor- 
rosion as a result of the irradiation. 
the thesis that rod warping will not be a major problem in the PRTR 
19-rod cluster swaged U02 fuel element. 

Visual examination of the 0.625" diameter rods 

These preliminary results support 

The Radiometallurgy examination of an irrkdiuted three-rod cluster of 
Zircaloy-clad, swaged U02 (1.6 w/o U-235) has shown: 
crystal growth occupying as much as one-third of the fuel dkmeter, 
(2) the formstion of sausage-shaped voids which are Lligned in rings 
around the fuel center and in the recrystallized trea, (3) that the U02 
outside of the recrystallized area hzs sintered with the exception of a 
thin powder layer at the UO2-Zircaloy interface, and (4) that luge ir- 
regular cracks run radially from the fuel center to the outer edge of 
the sintered UOg. 
basis of ex-reactor crystal growth studies (cf. Basic Studies). 

(1) extensive U02 

These observations conform to predictions made on the 

Basic S%udies. 
direct way of detecting radiztion damage. 
(1) metallographic examination of polished and etched surfaces, and 
(2) fractographic studies. 

The study of the microstructure of sintered U02 is a 
Two techniques are being used: 

The microscopic study of irradiated U02 has required development of 
specimen preparation procedures suitable for electron microscope appli- 
cation. A satisfactory method has been established. The presence of 
small voids at grain boundaries on a fracture surface of U02 after a 
burnup of only 0.004 a/o at approximately 100 C has been corroborsted by 
similar voids located at grain boundaries on polished and etched surfaces. 
Since such holes are not detected in unirradiated U02, they must arise 
from: 
(2) generation and migration of fission gases, or (3) a combinztion of (1) 
and (2). Examination of material irradieted to higher burnups should show 
trends in the irradiation behavior of U02. 

(1) migration of gases trapped during the fabrication processes, 
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Dendritic crystals of U02 resulting from high temperature irradiation of 
U02 powders have been found to be similar to dendrites grown frm the 
vapor phase in ex-reactor experiments. 
material were observed at the outer, cooler ends of large, radially 
oriented columnar grains. 
that the columnar grains in irradiated U02 are pro3ably not formed fro5 
the melt, as was popularly assumed, and that higher heat fluxes can 
generally be achieved in U02 f'uel elements without exceeding core 
temperature limits. 

The dendrites in the irradiated 

These findings constitute further evidence 

Facilities. 
U02 has been in continuous operation for two months without any unexpected 
incidents. A liquid argon gas manifold for the manual purge gas supply 
to the furnace was installed and will supplement the existing heliun 
purge supply. This addition was made necessary by the current shortage 
of helium. 

The pusher-type hydrogen atacsphere furnace for sintering 

A special hood was fabricated and installed in the basement of the 325 
Building in which to load and compact UO, powder into Zircaloy-2 tubes 
prior to swaging. The hood eliminates the health hazard caused by U02 
dust during loading of the tubes. 

Installation and acceptance testing of the 300-ton automatic tabletting 
press is nearly complete. 

Structural Materials Development 

Zircaloy Jacket Tubinq. 
tubing (approx. eight feet long) produced by the Thermatool process at 
New Rochelle Tool Company for acceptance testing have been examhed and 
were found to be generally satisfactory. Condition of the weld and the 
exterior surface of tube and rib were satisfactory. The inside surface 
under some of the welds showed evidence of sufficient contarcinafion to 
have an adverse effect on corrosion resistance. 
should be minimized but is not of prime importance since the imide of 
the tube will not be exposed in use to the corrosive enviroment. 

The first full-length samples of ribbed Zircaloy 

Qinion is that this 

Samples of the 2.998" ID tubes have not yet been received. 
has not been able to weld the 0.085" ribs because of overheating in this 
small section. 
achieved with material of O.ll5" height but the rib was distorted to such 
an extent that it would not pass tl-mughthe machine on succeeding welds. 

Success was achieved with 0.135" ribs. 
accepted as a limitation of the machine. 
these ribs to size to achieve the lower rib height required for narrower 
annuli. 
operation have been limited by distortion of the tube. 

The vendor 

Rib of 0.100'' height proved no better. A weld was 

It appears that this must be 
It will be necessary to machine 

Attempts to upset the rib to smaller dimension in the welding 

Tooling is now being fabricated with which to return to round conditior. 
those 1.802" diameter tubing samples which distorted in the welding 
operation. 
to expand and sink the tubing as needed. 

This consists of a series of plugs and drawing dies with which 
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The proposal of the New Rochelle Tool Company to ad&pt the mahine to a 
spiral rib configuration is now undergoing cost scrutiny by AEC purchasing. 
Resolution of this factor will expedite finalization of the contract modi- 
fication. Work can then begin on alteration of the machine. 

Modification No. 4 to contract DDR-29 has been approved at HAPO and 
forwarded to NYOO-AEC. This modification will extend the work at Nuclear 
Metals, Inc., on the development of an extruded ribbed jacket tube. 
Dimeters have been changed on all tubes and the wall thickness increased 
to 0.060". These tubes will be used for the PRTR Mark XI-c fuel element. I 

Wolverine Tube Company has completed the fabrication of the 0.680-inch ID 
x 0.035-inch wall Zircaloy tubing to be used for swaged UOg fuel elements 
for the PRTFt. 
accepted and shipped to HAPO. Non-destructive testing, eddy current, dye 
penetrant, Vidigage and radiography of this tubing have revealed that 
about 30$ of the tubes exhibit light to moderate galling on the inside 
surface. Samples of each type of indicated defect are being thoroughly 
characterized by metallographic methods and the severity of each type of 
defect will be determined through swaging operations. Fabricating tech- 
niques were altered to reduce or eliminate these defects. Pressed-in 
copper inclusions and small cracks found on the inside surface of a few 
tubes in an earlier lot were not found in this tubing. Considerable care 
and effort is being expended by the fabricator to produce completely 
satisfactory tubing. 

Of the 2280 lengths completed, 1337 lengths have been 

Of the 2280 lengths of 0.505-inch ID x 0.030-inch wall, Zircaloy tubing 
for the AI.-Pu fuel elements, 575 lengths have been accepted by inspection 
and shipped to HAPO. Preliminary non-destructive testing indicates that 
this tubing is of excellent quality. Absence of galling is attributed to 
a difference in fabricating technique compared with the methods employed 
for the 0.680-inch diameter tubing, above. 

Zircaloy Process Tubing. 
tubes furnished by Chase Brass and Copper is continuing. 
reports on the majority of the tubing indicate that marked improvements 
in concentricity and surface quality were obtained. 
was performed on 45 extrusions followed by v~cuum annealing the portion of 
the tube to be tapered. Problems associated with distortion during vacuum 
annealing have been solved. Tapering was accomplished in a single pass on 
two tubes. 
design of the tools, but the inside surface appeared to be smooth. 

Examination of the extrusions for PRTR process 
Preliminary 

Rockrite tube reducing 

Severe die pick-up on the outside surface necessitated re- 

Samples of various flange designs were tested for strength and examined 
for integrity. A modified design incorporating a threaded and welded 
flange is being prepared for test. 
pressure than the tube wall; failure occurred at a point well removed 
from the flange. Sections of process tubes fabricated by cold working 
40$ followed by vacuum annealing were tested under pressure at 300 C. 
Failure occurred at a nominal pressure of 4x)O psi (approxjmztely four 
times the expected working pressure) and a circumferential fiber stress of 
46,000 psi. 

All flanges tested withstood a higher 
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Radiometallurw Laboratory Studies 

Examination of a PuO2-UO2 powder, three-rod cluster fuel element (Gm-4-28) 
continued. 
prevented rare gas analyses. 
satisfactory metallographic etches of irradihted U02, and suitable replicas 
were obtained from 88 and 98 percent of theoretical density U02 specimens 
which were irradiated to 1000 MWD/T (IP-149-D); collection of rare gas 
from one of the three-rod clusters (a-4-33) was prevented by uncovering 
a 0.060-inch hole during the usual facing operation; and metallography 
studies of an unruptured U02 powder fuel element (GEH-4-30) were completed. 
Results and conclusions from the above studies are reported in detail in 
connection with the respective development programs. 

Two of the rods were penetrated by a hacksaw at the MIlR which 
Procedures were developed for producing 

Thermal Hydraulics Studies 

The calculations of the flow decay after power failure to the primary 
coolant pump in the PRTR (reported in EU-51767 Rev) were revised to account 
for the various design changes in the reactor since the original calcula- 
tions were performed. 
the pump flywheels should provide for sufficient pumping to prevent steam 
formation within the primary coolant loop. 
the pump by-pass line should be opened at some time between 45 
seconds and five minutes after power loss. 
the pumping power as supplied by the flywheels is necessary for ackquate 
flow while after five minutes the pumps act as EL resistance and hinder the 
flow by free convection. 

It was found that for the present reactor design 

It was also calculated that 

During the first 43 seconds 

Refinement of the calculated water loss rates from the PRTR was started. 
The revision of these calculations for the final hazards report has been 
necessitated as a result of changes in the primzry coolant system. Four 
cases will be considered; a complete parting of a main lbinch header, a 
failure in the side of a lbinch header with a flow area equivaler,t to 
that of a 14-inch pipe, a top jumper break, and a bottom jumper break. 
Using these water loss rates, Battelle will calculate the fuel temperature 
transients. 

Installation of the electrically heated mockup of the Mark XI-b fuel ele- 
ment was continued. 
of providing an electrical insulation between the electrically heated part 
of the test section and the rest of the apparatus. 

An attempt was made to find a satisfactory method 

The original proposal for flange insulation was flame spraying of the 
flange face with an oxide coating and then application of Markal DA-8 
paint (a waterproof paint capable of withstanding high temperatures). 
This method has proved unsatisfactory in that when the flexitallic gaskets 
are compressed to the required torque loading, the small stainless steel 
portion of the gasket breaks the oxide coating and thus causes a direct 
short between the flanges. 
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The following schemes have also been tried but have proven unsatisfactory: 
rounding the edges of the tongue, applying an oxide coat, and painting 
with Markal DA-8; applying a woven glass cloth to one face of the gasket; 
wrapping the entire gasket with woven glass cloth; and applying Mcrkal DA-8 
paint to the face of each flange. 

It appears that an acceptable seal and sufficient electrical insulation 
can be provided by attaching a thin asbestos gasket to one face of the 
gasket. 

Mechanical Equipment Development 

Design Test PR-1 - Discharge Operation Mockup. The discharge cask of the 
charge-discharge machine will contain a shroud to direct a flow of air to 
cool the fuel element. The shroud is constructed in two movable pieces 
which are moved apart for the raising of the fuel element into the dis- 

chzrge cask, and then are closed around the fuel element. 
the shroud is being constructed to insure that the expected swinging 
motion of the bottom end of the fuel element will not int.erfere with the 
closing of the shroud. 

A mockup of 

Design Test PR-10 - Primary Loop Mockup. 
assembled and cold performance tests run. 
total developed head of 294 feet at a flow of 4200 gpm. 
pump discharge check valve was received. 

The first primary pump was 
The tests results showed a 

The eight-inch 

Design Test PR-13 - Injection Pump Test. 
discharge injection pump continued. 
during a total of 203 operating hours. 

Testing of the 15 gpm, 1200 psi 
No difficulty has been experienced 

Design Test PR-20 - Calandria Characteristics. 
run using one and two dump valves. 

Additional dump tests were 
Work w2s almost completed on vdve 

synchronization to provide for the instantaneous opening of two, three, 
or four valves. 

Design Test PR-24 - Shroud Tube Bellows. 
Product Cmpany for the six-inch central process tube were received and 
testing started. 
test; however, the helium leak rate at room tempercture was not within 
specifications. 
the bellows were heated to 500 F. 

The bellows from the Masters 

The bellows were not damaged in a 14,000-cycle flexure 

This leak rate decreased to 0.4 cubic foot per hour when 
Corrosion tests are now being conducted. 

Design Test PR-40 - Shim Control Mockup. 
being redesigned to prevent the control rod from falling out of the re- 
actor in the event that the supporting bead chain breaks. 
are currently being developed, the floating rod and the powered lead screw. 

The approach under investigation to obtain a floating rod is to flame 
spray the poison material on a buoyant material, such as "Fomsil". 

The shim control assembly is 

hro new designs 
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Design Test PR-50 - Reactor Piping Seal Testing. Thermal cycling of 
Process Tube Assembly "A", containing prototype seals, was completed 
with a total of 2500 temperature cycles from 200 to 580 F at a pressure 
of lgo0 psi. 
which showed signs of leakage during this test period. 
of the seals after disassembly revealed no signs of damge. 

The nozzle to process tube seal was the only water seal 
Visual inspection 

The fully prototype nozzles were received. 
on Elmo-7 early in February. 
tube, will be called Process Tube Assembly "C" and will be subjected to 
thermal cycle testing. 
seals . 

One nozzle will be installed 
This unit, utilizing a three-foot. Zircaloy 

The assembly will contain all of the process tube 

Flat type copper gaskets with an asbestos filler have been used for the 
outlet gas seals located at the centering flange and between the flanged 
end of the Zircaloy process tube and the ring flange. 
are under way to utilize this type of gasket instead of "0" rings. 

Design changes 

Design Test PR-51 - Reactor Piping Structural Integrity. 
of a medium length outlet jumper with considerable bends has been completed 
after 51,200 cycles of one-half inch deflection at an internal pressure of 
1500 psi. No leakage, distortion of the jumper, or loosening of the 
Parker fittings were observed. The installation of the heating loop for 
testing jumpers at elevated temperatures is 85 percent complete. 

Flexure testing 

Fabrication of the thermal barrier for the lower face mockup was resumed. 
A full scale drawing of the bsrrier was made to check the barrier layout. 

Design Test PR-52 - Process Tube Thermal Cycling and Pressure Testing. The 
full size process tube and shroud tube assembly was installed in the process 
tube test pit and connected to Phase I of the Single Tube Prototype Mockup. 
Hydrostatic testing was completed and testing at PRTR operating conditions 
will start shortly. 

Design Test PR-70 - Helium Compressor Test. 
to detect a ruptured compressor diaphraepl indicated that the change in 
gas conductivity might be used. This change is caused by oil contmination 
of the gas after the disphragm ruptures. 

The investigation of methods 

Single Tube Prototype Mockup. 
during the month. 
1100 psi, and 124 gpm. 
system) was.completed. 
phase started at the Byron Jackson Pump Company plant on January 27. 
testing in their laboratory is continuing. 

Phase I of the mockup was operated 60 hours 
The maximum operating conditions reached were 485 F, 

The final acceptance test (temperature control 
Hot loop tests on the prototype pump for this 

Seal 

Construction of Phase XI continued. 
was installed. Preparations were made for the installation of the eight- 
inch prbary pump discharge check valve. 

The 14-inch primary loop gate valve 
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Inconel "X" Supercritical Pressure Mockup. 
completed and start-up tests were begun. 
rather than employing molten lead as the heat source, because the lead 
would cause stress cracks in the Inconel "X". 

Fabrication of the mockup was 
The mockup is electrically heated 

Zirconium Tube Burst Tests. 
and temperatures of 650 F. 
results to date, was issued during the month. 

Testing continued at pressures of 2500 psi 
HW-586x1, describing the test program and 

Reactor Technology Development 

All scheduled testing on resistance temperature detectors and i.3~ trans- 
mitters was completed. Final reports on the design tests are in prepara- 
tion. Operational checks will be continued on surviving units as full 
scale mockup facilities are completed. A paper on resis7ance temperature 
detectors was forwarded for possible presentation at the Fifth Nuclear 
Congress. 

A study of containment systems was completed. 
in an attempt to discover a scheme or system equal to, and cheaper than, 
the system currently planned for-the PJpIi. *-.It was concluded that the 
most applicable alternate approach is that of improving the ability of 
the fuel element jackets to contain fission products by the addition of 
back-up Codling system( 8) .* 5 report summa~leirtg 
t ion. 

Design Development 

The study was initiated 

stu& is in prepara- 
s. 

Brc 

e" 
-- 

Phase I PRTR Construction Status. 
imately 70% completed versus 81.s scheduled. 
of the 0-0 slab in the containment vessel was poured. 
siding and roof decking on the storage basin was started and is approxi- 
mately 25$ completed. 
made. 

The Phase I PRTR contractor is approx- 
The five-foot thick section 

The installation of 

The last pour on the ion exchange vault has been 

Phase IX PRTR Construction Status. 
completed versus 66% scheduled. The brine pit was relocated in order to 
provide a clear area for future building extension. The drain lines on 
the east side of the building, in the vicinity of the load-out facility, 
were revised in order to make provisions for the new stack design. 

The Phase XI PRTR contractor is 59.5$ 

Phase XI-A PRTR Construction Status. The Phase XI-A PRTR contractor is 
estimated to be 25% completed versus 2% scheduled. 
for the river pump structure. 

Excavation was started 

Design Analysis Studies. 
tainment vessel for the PRTR has been prepared in rough draft form. The 
study compares the probabilities of containment vessel failure during an 
incident with the probabilities of inoperation of various backup systems. 

A preliminary study of alternatives to a con- 

Calculation of reactor power as a function of time after a scram wi&h 
normal coolant conditions has been completed. Comparison of the power 

I 2 0 8 5 1 available for dissipation to the primary coolant of PRTR with that 
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obtained for the NPD reactor shows the former to be lower in the range 
from 0.8 second to 35 seconds after scram, due to the more rapid drop 
in fission power in the PRTR. The initial design of the primary coolant 
system, based on the NPD data, is therefore shown to be sufficiently 
conservative. A report describing this work will be issued. 

An investigation of the effect of H20 contamination of the primary coolant 
on resctivity and the neutron spectrum has been completed. 
that this has relatively little effect on reactivity out to concentrations 
of the order of X) mol percent H20. 
spectrum is such that the fraction of neutrons in the epithermal part of 
the spectrum is significantly reduced and may have to be taken into account 
in certain experiments. 
preparation. 

It was found 

However, the effect on the neutron 

Report HU-58893, presenting this study, is in 

A calculation of the radiation intensity at the location of the dump valve, 
to determine whether Teflon valve seats will have sufficient life, was 
completed. Results indicated that the dose rate on the valve seats is not 
expected to exceed 50 r/hr. Since the break-even point for the use of 
Teflon at this location is about 100 r/hr, it was found to be acceptable. 

Reactor Flow Systems. 
Company during a cold test of the first PRTR pump showed about 13 percent 
higher discharge pressure at design flow than was previously anticipated - 
294 feet versus 260 feet. plrmp motor horsepower requirements are corres- 
pondingly increased from 295 to about 320 h.p. at design conditions. Pump 
efficiency was found to be higher than anticipated, with a maximum of about 
88 percent. 

Heat-capacity data developed by Byron Jackson 

The pump manufacturer has recammended that the condition of pmq bearings 
and the adequacy of lubrication be monitored by use of thennocouples placed 
in wells drilled alongside the bearing cases. 

Permission was granted the Phase I11 contractor to furnish boiler feed 
pumps with flanged rather than welded discharge connections for reasons 
of cost and delivery schedule. However, leakage collection shrouds will 
be provided at each of these connections. 

Reactor Core Cmponents. 
disclosed that it would be necessary to carry the fuel temperature re- 
activity transient in moderator level control. This transient is of the 
order of 12 mk for certain loadings, once the primary coolant is at. oper- 
ating temperature and the reactor at low power. Twelve mk corresponds to 
approximately 20 inches of moderator level. 
level control without possible moderator boiling, it was necessary to revise 
the calandria top drain system. 
orifices were lowered by 2-3/4 inches to increase the range of moderator 
level over which the system was operative. An additional top drain header 
and set of orifices (of identical design to the original) were added at an 
elevation 13 inches below the upper header. The outlet lines from these 
two headers run concentrically through the calandria down to an elevation 
a few inches above the bottom of the calandria. 

Continued analysis of PRTR reactivity transients 

To provide this degree of 

The original top drain header and outlet 

858 
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In addition, the moderator inlet plenum at the bottom of the ctilandria was 
divided into two plenums, an inner (roughly circular) and an outer annular 
plenum. The outer plenum is fed moderator by the original inlet system. 
The center plenum is fed by an additional line passing through the bottom 
shield. The flow to the two plenums will be edjustable by throttle valves. 
Control of the distribution of the inlee, wa%r between the ce3%er of the 
calandria and the outer regions will be useful in eliminsting any moderator 
hot spots which may form. 

-. 

Instrumentation and Control. 
tection system have been issue3 and reviewed. 
detect heavy water leaks in the calandria or process tube by monitoring 
the dew point of the dry gzs surrounding esch process tube and that of the 
bulk inlet and outlet gas. 

Comment prints oc the PRTR gtis moisture de- 
This system is 3esigned to 

The flow monitor system has been revised to provide better control over by- 
pLissing of monitors. 
use of special, non-standard plugs fitting the by-pass jacks. Auxilibry 
contects in the by-pass jack light the appropriate lamp in the 8rjLpci_n_t 
flow monitor display panel and actuate a comon alarm annunciator zLzirm, 
whenever B monitor is by-passed. 

Individual monitors can now be by-passed only by the 

The design of the effluent activity nonitor systen; is being revise3 to 
increase its reliability end to provide better corkrol for total contaic- 
nent of the reactor building. High reliability equipment similer to reactor 
nxlear ssfety systerc equipment will be used in the systez, and tvc channels 
will be provided. 
initiate total containment. 

Coincident tripping of both charcels will be reqtlired tc 

Fuel Element Examinatior. Facility. 
the facility were moved from the cast iron wall to the concrete shielding 

The ventilation ir,lets md outlets from 

walls to reduce radiation leakage into the experimental cell. 

Bid packages on the primary manipulator were sent to prospective bidders. 
The bid opening date is February 16. 

The designs of both the prototype wide angle viewer and combination viewer- 
profilameter are Gpproaching completion. 
viewers h6s been started. 

Fabricatior! of compcnents of the 

Plutonium Fabrication Pilot Plant 

Construction is 65.$ complete. 

Phase 11 Construction. 
72$ scheduled. 
month, and roof construction is progressing well. 

Project design is 87$ complete. 

Phase I1 construction is 6@ complete comphred tc 
The last major structural concrete pour was made during the 

The contractor dropped behind schedule several days this month because of 
inability to pour concrete in sub-freezing weather. The lost ground should 
be partially regained during February. .. - 3- 
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Phase 111 Design. 
equipment groups 4 and 5. 

Preliminary schedules were drawn up covering Zesign for 

Procurement. 
weeks during the month; liaison efforts to improve scheduling of these 

Three key purchase orders went behind schedule two to four 

orders are in progress 
Three requisitions estimated at a total of $28,000 are awaiting action. 
Requisitions for the rolling mill, the extrusion press, 2nd the oxide 
sintering furnaces remsin to be submitted. 

Purchase orders totsling $708,000 have beer. plaaed. 

BASIC SWELLING STUDIES PROGRAM 

Irradiation Program. 
temperature irrsdiations will be the first to be assembled. 
the temperature controllers has been postponed until the latter psirt of 
February. 

The swelling behavior capsules for controlled 
Delivery of 

- 

A study of methods of preparation of high purity uranium is being conducted 
to supply the enriched uranium metal necessary for the in-reactor and ex- 
reactor swelling experiments. 
weighing about one pound this month. 

A consolidation melt produced mother ingot 

Simulated Swelling Exp eriments. 
the laboratow by the introduction of xenon gas into uranium at elevated 

Uranium swelling has been simulated in 

temperatures." Design was completed this month for a simple apparatus for 
the introduction of inert gas in a modified bell jar. Four units will be 
built. 
used for investigation of the mobility of xenon in ursnium. 

These units are necessary since the original apparatus is now being 

Mechanisms and Theory. 
physical means for studying certain aspects of swelling, namely, the ntnnber 

Optical and electron microscopy afford a direct 
-- -- 
and size of pores in uranium. Accordingly, various specimens of irrsdiated 
uranium differing in burnup, irradiation temperatures, and post-irra5iation 
annealing history have been examined. 
in size and location. 
structural changes, little correlation between microstructure and Fore 
location is possible on specimens studied to date. 
to this conclusion is a recently studied specimen of Zircaloy-2 clad, co- 
extruded uranium irradiated to a burnup of about 0.2 a/o at a core tempera- 
ture sufficient to show some microstructure which resembles that of un- 
irradiated beta heat treated uranium. 
quite randomly, but superimposed on this type of distribution is a tendency 
for many pores to fall on grain boundaries and to be aligned on crystallo- 
graphic planes, such as twin boundaries. On the basis of a purely qualitative 
estimate of the distribution of pore sizes, this specimen differs from prev- 
iously examined specimens in one other respect: 
near the periphery of the element rather than near the axis. 
conaition is related to the thermal history of the core (possible trans- 
formation during irradiation). 

Pores found in such specimens vsry 
As a consequence of the radihtion induced micro- 

A possible exception 

In this specimen pores are distributed 

largest pores are present. 
Perhaps this 
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In order to establish the effect of flux intensity and degree of burnup 
at three specific irradiation temperatures, six capsules containing un- 
restrained, precharacterized uranium spechens immersed in NaK have been 
prepared and shipped to the MTR for irradiation. Post-irradiation mea- 
surements will include density, dimensions, microstructure, hardness acd 
x-ray diffraction line breadth chmges, 

The rate of diffusion of fission gas into pores determines the presslure in 
the pores as a function of time and temperature. 
mobility of xenon in uranium is now being studied. The mobilities of argon, 
krypton, and xenon in silver have been determined; however, attengts to 
measure the mobility of rare gases in uranim by the same methods were not 
successful. A new method utilizing glow discharge to continuously intro- 
duce xenon into one side of a hot uranium disc is now being studied. The 
rate of xenon evolution from the far side of the disc will then be meastrred 
to determine the mobility of the gas in uranium. Activation analysis, used 
in previous experiments to measure minute quantities of krypton and xenon, 
requires reactor irradiation of the gzs sam?les. In addition to keir?g 
cumbersome, this method of analysis risks loss of samples through handling. 
It may be possible to use a modified helium leak detector to dete,mine the 
amount of xenon evolved. 
will be measured, using a standard helium ieak detector, to determine the 
feasibility of this method. 

For this reason the 

The rate of helim penetration throllrgh uranium 

The effects of xenon gas introduced into unirrediated uranium using a glow 
discharge upon the physical and mechanical properties of uranium will be 
determined. 
sensitive to the presence of gas filled pores and microcracks. 
emphasis will be placed upon room temperature and elevated temperature 
tensile tests. 
about the dispersion of the gas filled pores. 

Selected physical and mechanical tests are planned which are 
Initially, 

It is anticipated that these tests will yield information 

3. GAS COOLED PoiwER REACTOR PROGRAM 

Graphite Studies 

PRTR Pressurized Gas-Cooled Loop Facility. 
the design criteria text for the gas loop have been completed. 
comment issues of the first four sections have been issued, with issuznee 
of the final five sections scheduled for February 1. 

Rough drafts of all sections of 
Final 

The facility will be designed for studies of the chemical and physical 
behavior of reactor materials under conditions likely to exist in advacced 
gas-cooled reactors and particularly for in-reactor studies of the C02- 
graphite reaction. In addition, the loop will be designed to accommcdate 
the irradiation testing of fissionable m;terials having up to 500 Ku heat 
generetion. The in-reactor test section of the loop will be located ir. 
channel 1946 of the PRTR. Gas blowers, heaters, coolers, gas analysis, 
control snd make-up facilities will be located in E cell of the PRTR build- 
ing. 
conditions: 

Design of the loop will be based on the following maximum operating 
pressure, 500 psig; outlet test section gas temperature, 1100 F; 
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gas flow rate, lgi,OOO 1% C02/hr. Stu2ies of the C02-graphite reaction 
require the maintenance of an initially supplied gas volume within the 
loop for extended periods of time and measurement of changes in gas 
composition with time. Because of leakage considerations, welded 
rather than flanged construction will 3e used wherever possible and the 
number of valves in the loop will be kept to a minimm. 
loop components in prefabricated, tested sabassemblies will reduce the 
time required for loop installation in the PRTR building. 
schedule calls for completion of the loop by Jue 18, 19&. 

Procuring the 

The present 

All funds authorized for the gas loop project have been released, with 
authorization to spend $175,000 during FY-1959 

A study was msde of the effect on the project of increasing design 
tempemture of the loop to l5CO F. 
was estimated, resulting from changing a major portion of the loop to 
inconel and from the mare stringent safety requirements at the higher 
temperature. 

Coatings for Graphite. 
for graphite has been completed. 
tried for the protection of graphite in an oxidizing atmosphere. 
present, the most promising material for use in nuclear reactors appears 
to be silicon carbide. 
gmphite is being actively pursued by National Carbon Company, Minnesota 
Mining and Manufacturing, snd Carborundlm Company. 

An inxeased cost of $175,000 

A general survey of the literature on coatings 
MEiny different materials have been 

At 

The development of silicon carbide coatings for 

Graphite samples coated with silicon carbide have been received from 
National Carbon Company. 
the BET adsorption method, it was found that at 10-5 mm pressure and 
300 C an oily material was evolved from the sample. 
applications of vacuum and heat, the surface stabilized. 
conclusions have been formed as'to the character of this material.. 
However, the literature indicates that silicon carbide coa+,ings can be 
applied using a "resin" binder. 

During the measurement of surface area by 

After repeated 
No definite 

Contact was established with the Minnesota Mining and Manufacturing 
Company during the month, and samples of different types of graphite 
were shipped to them for coating. 
Company will send Hanford some coated samples of the graphite type they 
prefer to use. 

Minnesota Mining and Manufacturing 

Information was received from Hawker Siddeley Nuclear Power Corqany, Ltd&, 
that samples of impermeable graphite produced by them would be shipped 
to Hanford some time in March. 

Graphite Pore Size Distribution. 
distribution of graphite samples has been written which gives a brief 

A method for measurenent of pore size 

treatise of the theory involved, operating procedure, and methcd of 
computation. 
is long and tedious requiring one to two man days. 

The method of computation of the pore size distribution 
In order to gain 

Gb2 
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D. 

greater efficiency and economy, representatives of Data Processing 
Operation are investigating the feasibility of programming the problem 
for the IBM 709 computer. It is anticipsted that computer computation 
will gretitly reduce the time required for data reduction and analysis. 

Microwave Glow Discharge Studies. 
is enhanced by rehctor radiations. 
hancement is due to the production of oxygen atoms or activated molecules 
followed by rapid oxidation of the graphite. The use of a microwave glow 
discharge appears to be a convenient way to sbulate in the laboratory the 
effects of reactor radiations. Recent discussions with personnel who have 
had experience with microwave glow discharges at the Aberdeen Proving 
Ground and the National Bureau of Standards resulted in suggestions on 
cell design and experimental techniques for experiments planned at Hanford. 
Oxidation resistant graphites and coated graphites will 3e tested in 
candidate reactor coolants. 

The reaction rate of gases with graphite . 
In the C02-graphite system, this en- 

CUSTOMER WORK 

Radiometallurgical Examinations 

IP-132-C Depleted I & E Pieces 2079 C (m-256). 
uranium slugs were received for sectioning and delivery to Analytical Chemistry 
for U-235 burnup analyses. 
One wafer and one set of dissolver solution samples have been delivered to 
Anal yt icsll Chemi s t ry . 

Prepsration of Samples for Project C-791 (RM-267). 
(approximstely 1/4" x 1/4" x 2") were sectioned from two I & E fuel elements 
for shipment to ORNL. 
of fission product release in connection with Project C-791. 

Four 0.2 a/o U-235 depleted 

The sectioning of all four elements was completed. 

Nineteen uranium bars 

These bsrs will be melted to determine the quantity 

Metallography Lsboratories 

Samples processed during the month: 

Total samples processed: 197 

Photographs: 

Micrographs 271 
46 Macrographs - 

Total 317 

Manager, Reactor and F6dls Research 
and Development Operation 
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PHYSICS AND INSTRUMENT FESEARCH AND DEXELOPMENT OPE3ATION 

MONTHLY REPORT 

JANUARY 1959 

FISSIONABU MATERIAIS - 2900 PROGRAM 

Nuclear Safety in the Fuels Preparation Department 

At the reqwst. cf FPD, a review was made of a design (proposed by the BationaJ 
Lead Campany of Fernald, Ohic 
enriched fuel (0.95 percent 435). me shipping container consists of 200 
tubes made of 12 gauge (0.109-inch thick wall) steel. 
array af this fuel (1.34-inch diameter solid, or 1.37-inch O.D. x 0.48-inch 
I.D. I and E fuel elements) was determined to be subcritical, any array cf 
the prcpased shipping containers containing the 0.95 percent uranium will 
be safe. 

or a fuel element shipping container for 

Since an infinite 

REACTOR 

STUDIES RELATED TO PRESENT PRODUCTION KEACTORS 

Latt.ice Neutron Temperature Study 

Experiments to obtain indirect information on the lattice neutron tempera- 
tures have been conducted up ta a graphite temperature of 6400 C. The ex- 

periments have determined the ratio of the thermal fission cross sections cf 
Pu239 to $35 up to 500" C; the rat.io of' the fission erose sectiime of $39 
to these cf $35 vfth &inch diameter foils murLted in the center of an 
8-inch nawral uanium slug in a dry process tube up to a temperature of 500" C; 
and the? same ratfo when the slw is in a water cooled proaess tube aril the 
graphite temxrature Wac extended t2 640° C. 
enable the data taken far one slug in a coLruar, to be extended tc a fuil c~lmri of 
slugs. 

Blocking Effect of Ccolant 

The blceking effect of a coolant annulus as a fuaction of graphite moderator 
temperature, which is the only difference between the wet and dry temperature 
coefficients of 
perature 

This measurement has been completed fora single column of 8-inch slugs in 
a thermal column with a graphite temperature of 400° C. 
tained from manganese fcils. 

Cadmium ratios are being taken tr.: 

, is being measured for lattice cells having similar tern- 

The data are ob- 

Thermal Neutron Flux in a Medium with a Temperature Discontinuity 

A comprehensive paper is now being written which presents the analytical 
and numercial results of the investigation to date of $he . -_ temperature . .. diz- -p on- 

t 
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tinuity problem. 
across a plane interface in infinite geometry. Further investigations have 
begun of more complicated infinite geometries and formal analytic solutions 
have been found for (a) a slab of width w at temperature T bounded on either 

ture TI swcunded by 6 meam at temper6ture T2. 
flux in these t-go cases resenble the sofuticlz of the plans geometry problem, 
wfth the exponential spatid dependence of the plane problem replaced by 
hyprbolic cosine and B~ssel functions in %he apsmpriate geomtries. 
the coefficients in the series solutions, iMch were constants in the plane 
case, are compliesaed fbetfcns of slab thickness w cr cy2inder radius R. 

!The paper will thus ccnsider only the case of a discontinuity 

side by media at temperature T2, and (b) a cylinder of ra dik us R at tempera- 
The expressions for the 

However, 

Neutron Energy Spectrum in the Vicinity of a Boundary with a Temperature 
Mscontinilfty 

The experiments data taken in the course of this wwk has been submitted 
for inclusion in the Oetcber-Decem3er 1958 Quarterly Report. 
rate of a l/v-absorber is shown near a temperature discontinuity for graphite 
temperatures ranging from 108* K to 6663 K. 

The reaction 

The procedures being used to fit these data were discussed last month. 
the past month it has been shorn that. the sla@ng down distribution fits an 
expression which is quadratic in the space variable, rather than linear, as 
had been assumed for calculations performed previmaly. A quadratic depen- 
dence is expected since the fuel loading of the PCTR is essentially cylindri- 
eal. In view of this result new and simpler solsltions to two the& group 
equatione have been obtained. 
recomputed using the new solutions. 

In 

The them83 ceutron reaction rates are now being 

Instrumentation 

At the request cf IPD, a member of our staff attended a second conference 
brftli the management of -0, Incorporated, ana their representative in this 
area. The purpose cf the meeting was to discuss an addendum to EPSCO's pra- 
posal to pro3ect CGI-802, High-speed Scanning System. 

A simple computer fm the pwse of demonstrating thme of magnetic cores 
fop data storage and handling is being fabricated. Most ei.rcslftry has been 
developed using transistors. 
idea, and each emplete circuit is built ontc a printed circuit board. 
circuit boards are in the process of be_ing fabricated at the present. 
they are completed, the basic units of the computer will be assembled and fur- 
ther circuitry .will be designed. 

The circuits have been designed along the module 
These 

When 

The investigation of new neutron detectors continued with emphaeis on solid 
state devices and fission detectors. A search was started on new solid state 
devices. 

Lattice Measuremerta for 1.92-inch and 2.5-inch Fuel ElemntE 

A detailed series of extraslation length measurements on an exp3nential 
assembly with a lattice spacia of 8-3/@ inches has been com-pleted. The expn- 
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ential assembly was charged with 1.92-inch diameter solid, natural uranium 
fuel elements. 
nearly linearly with graphite reflector thickness for reflector thicknesses 
up to six inches. 
inches with air coolant. 
started in an attempt to understand the reflector effect. 
such calculations would make it possible to re-evaluate all previous mall 
pile measurements. 

Material buckling measurements for '2.5-inch diameter solid, natural Urani1m 
fuel elements have been started. 
each exponential assembly used in this series. 

The data indicate that the extrapolation length increases 

The average front-rear extrapolation length is about 1.05 
A homogeneous two-region calculation has been 

If successful, 

Extrapolation lengths will be measured for 

PCTR Measurements of k0 and f for Selected Cluster Elements 

Analysis is continuing of the data obtained in the PCTR measurement of k, 
and f for a l0-1/2-inch graphite lattice fueled with a seven-rod cluster of 
0.925-inch diameter natural uranium rods. 

Some multiplying factors have been calculated to correct the activities of 
copper foils for the nonflatness of response of the ?-inch crystal over the 
area of the foils. It was found that the correction factor is, within practi- 
cal limits, independent of the shape of the activity over the foil area. This 
fact will greatly ease the calculation of the factors and contribute to the 
accuracy of the results. 

Coordinated Theoretical-Experimental. Reactor Physics Developent 

Integral reactor experiments and various activation experiments form t-he 
basis for checking theoretical formulations of reactor parsmeters. 
fore, some time has been spent reviewing the scope of the methods, and 
their precision, used in measuring and calculating these parameters. An 
existing machine code (IPD Survey Code) has been used to calculate some 
parameters to compare wPth experiment. The review has pointed out areas 
in which additional experiments, or increased precision, are needed. These 
needs are being considered. 
ment of a new code for our use in the analysis and planning of experiments. 

There- 

Additional work Kill be devoted to the develop- 

A 650 OM'?ICODE program to correct the exponential pile data for the effect 
of the aluminum content has been written and is in operation. 
able HAP0 exponential pile data for solid, natura2 uranium rods in dry 
square graphite lattices are being processed by this program, as 650 operat- 
ing time permits. 

The avail- 

Analysis has begun of the data already obtained. 

mpR Lattice Measurements 

A cost estimate of the NPR high-temperature mockup facility has been re- 
ceived from (=EO and submitted to IPD for consideration. The estimate is 
$85O,OOO if constructed in 300 Area, or $4'jO,O00 if constructed in 189-~ 
utilizing existing facilities for housing, power, and high pressure water 
system. This estimate does not include fuel or neutron sources. Methads 
for reducing the cost are under consideration. 



Cross-coolant tubes are not included because of the small amount of water in- 
valved relative to the water already in the process tubes. 

Full Sfze PCTR 

The prodect p~oposal for the new PelR has been ccmpleted and is currently 
circulating for the required G-E appravals. 
in support of the scope design will begin ira February 1959. 

It is planned that physics work 

Intercalibration of Graphite Purity 

Purity measurements have beer completed on the graphite bars obtained from 
France and the United Kengdon far an intercalibration of graphite purity 
indices. 
to facPlita5e interpretation of the purity measurements on eacp graphite bar 
in terms sf the effective absorption cross section per carbon nucleus. Tests 
were also Blade on two bars cf American graphite which had been tested concur- 
rently Kfth the bars sent to the United Kingdom in 1958. 

New calibration data we= obtained for the Word Test Reactcr 

An evaluation of the results is now in progress. 

New Production Reactor Nuclear Safety 

At the request of the Process Design Operaticn (IPD) a study was begun cn 
the nuclear safety in the storage and handling of BPR fuels in the discharge 
and storage basins. 
outside diameter and tube-in-tube -1 elements (outer tube: 
2.46" O.D. and inner tube: 0.52" I.D. x 1.43" O.D.). 
ments of the rods are 0.94 percent U235 and 1.50 percent U2350 The maxfrmm 
reactivity ef the 0.94 percent $35 fuel on irradiation is being considered 
as equfvdent to unirradiated 0.98 perceat e35 f'uel. 
cf the 1.50 peraent U*35 fuel is being considered to be that of the unfrradiated 
fuel of tUs enrichment. 

The fuels under study are solid rods of 0.664-inch 
1.85" I.D. x 

The initial enrich- 

The maxim reactivity 

At the preaen? time, the 650 sfmuPatzr for the 709 apera+,es satisfacturily 
with OMNICaaE program but, with one miner exception, it. Laa rot been success- 

pr@grams fall in this unsuccessful categcry. 

A 709 verafcn of the prcgpan; for processfng expclnential pile data is &sa 
being written. Instructions have been writ,sen for the first fsar of the ffve 
parfs; hwever, these repTesent przbatly less than half of the total instrw- 
tions 

ful With 650 ~PO-~S ~qzPfrfa = 80-80 plwbmrd. The 650 P-3 and VALPROD 
Wmk on this problem eontimes. 

Radfatfoc Damae to Graphite 

A6 & start on the sedy cf radiation damage to psphite, a method fs befcg 
develcqed fcr measwfng the energy loss of electrons in thin layers of mater- 
ials. The tecbnlrJJe was suggested by an energy mnitcring device described 
at a recent aceeleratar conference. Our recectly com-pleted capacitor-dfvider 
voltage measuring system makes possible a precise energy calibration cf the 

* device and hen-e its use for energy neasurernents. 
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STUDIFS RELATED TO SEPARATIONS PLANTS 

Critical Hazard Specifications 

Nuclear Safety in Ranford Laboratories Operation 

At the request of the Fuel Fabrication Developrent Operation (Fuels Development 
Operation) a review wits made of the temporary faels storage facility in the 
southwest end of the 306 Building. 
of shelves on 18-inch centers. 
these shelves as well as on the floor in front of the shelves. The Etcrage 
area on the floor is a fenced-off area about 30 inches wide and greater than 
iC feet long. 
the building through which fuels are transported. 
transporting vehicle can pass very close to the array of fuel in the storage 
facility. 

Tne fCiiowfng criteria have been established for the safe handling and storage 
of fuel in this area. 

This storage section consists of a cabinet 
Fuels of various enrichment are stored GC 

The storage facility is located near the large door entrance to 
Therefore, the fuel on the 

Stcrage Limits on Shelves.--The maxim safe limit per shelf of fuels whose en- 
richment is 6 2.0 percent U235 is 100 pounds uranium. For highly enriched U235 
alloy fuels, the maximum safe limit per shelf is 100 grams of contained $35 pro- 
vided no other fuel whose enrichment is greater thaa natural uranium is on t??e 
same shelf. 

Stcrage Limits on Floor.--The maximum allowable storage limit on the floor is 
20 pounds uranium 
is 1.6 percent U23y 

The maxinun allowable storage limit on the floor is 14 pounds uranium per 
square foot Gf floor space when the maximum enrichment is 2.0 percent @35. 

Limits on Fuel in Transit.--If the e enrichment of the fuel in transit 
is 1.6 percent $35, it is always safe at a distarice of 15.0 feet fmni the 
fenced-off area arsund the floor storage. 
the fuel in transit. may approach 3.0 feet of the fenced-off area. Needlees 
to say the fuel in transit must be in a configuration that is safe by itself. 

For fuels of 2.0 percent $35 enrichment, the fuel in transit can pass tbe fenced- 
off area provided that the maximum floor area density cfthe fuel in transit and 
on the floor is no greater than 14 pounds uranium per square footof floor space. 

A+, the request of the Experimentd Reactors Operation (Nuclear Physics Research 
Operation) a study was made cf the nuclear safety in the storage cf TI3 fuel. 
This fuel is made up of $35-A1 discs. The discs have an O.D. of 1.95 inches 
and an I.D. of 0.60 inch. The thiclmess is 0.075 inch. Each disc contains 
2.23 grams of U235. 
of safe storage conditions for this material. 

Where there is no moderation whatsoever (no water, mod, carbcn, etc.) BE in- 
finite slab 3.6 inches thick is safe. 

For conditions where $he exclusior? of moderatcr cannot be guaranteed, the fol- 

lowing criteria should be used. 

(a) 

r square foot of floor space when the maximum enrichmnf 

When there is no water on the flaor, 

The fpllowing criteria can be used in the determinstfm 
-. 

An infinite array 1.5 inches thick is safe. 
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determined that such anmay is safe with a maximum of nine pieces, provided 
there is no danger of water flooding or of obtaining moderation by sow 
other method. 

Power Fuels Processing 

A new scheme for processing power fuels has been suggested by a member of 
the Programming Operation (HLO). 
dent, to a large extent, on nuclear safety. 
tray, spray t.ype dissolver in which only part of the fuel is immersed in aeid. 
The height cf the tray determines the maximum solution height. 
height is greater than that of the tray. 
is then to determine conditions for criticality when only part of the fuel core 
volume contains moderator. Where there is no moderator at 831, no uranium fuel 
enrichment below 5.0 percent $35 can be made critical in any amount. 
the enrichment is 5.0 percent $35 the maximum safe core height (moderatcr 
and fuel) is 2.9 inches. 
is allowed above this height. 
the maximum fuel height allowable when the moderator height is less than the 
maxfmum safe kieight for a moderated infinite slab and the fuel above the 
solution is covered by just a film of acid or water. 

The practicslity of this scheme is depen- 
Basiealy, it involves a single 

The fuel 
The critical mass physic6 problem 

Where 

Therefore, no fuel (moderated or unmoderated) 
The physics problem that must be solved is 

The same type physics problem must be solved for the interaction between 
two slabs when the height of the wat.er reflector between the two slabs is 
less than the slab height. These problems require a theoretical study as 
well as an experimental one. 
facility fcr its inception. 

The experimental study requires a critical mss 

Plutonium Critical Mass Laboratory 

The Project Proposal for the Critical Mass Iaboratory (Project CG-731, Re- 
vision No. 3), HW-58618, received aJJ. of the necessary approvals in HLO and 
in HAP0 and was transmitted to HOO-AEC for consideration. 
quests funds for construction of Stage I of the laboratory. 

This propdl re- 

Technical. liaison was continued in support of the design work for the Plu- 
tonium Critical Mass Laboratory. The detailed design is now 91% complete; 
it is only 5s behind the schedule which calls for completion by February 24, 
19 59 

Emriments for Ruclear Safety hecifications 

Expanential Measurements with 1.25s Enriched Urarrlum 

Buckling measurements were continued with the l.25$ enriched uranium in 
water derated heterogeneous systems. 
in O.D., with a 0.5OO-inch I.D. and 9.50 inches in length. 
consisted cf six cjf these elements psitione3 in an alumfnum tube of 1.420 
inches in 0.1). with a 0.028-ineh wall thickness. In the "wet measurements" 
an aluminum t.ube of 0.492-inzh O.D. and 0.020-inch wall thickness, which con- 
tained water, was inserted in the central core cf the fuel elements; the cen- 
tral cope was empty in t.he "dzy measupenients." 
msasured are listed below. 

The fuel elements were 1.336 inches 
Each fuel column 

me bucklings which were 
The estimated number (N,) of fuel tubes for 
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criticality in cylindrical geometry is also given. 
culated from the measured bucklings under the assumption of full water tamp- 
ing. 

These values were cal- 

Separation Estimated Critical 

in Inches 

Between Rods Condition NO. of 45-inch 
of Fuel Tubes 

(Hexagonal Fuel Rod H20/U Buckling (Cylindrical eo- 
Lattice Pattern) Core (by volume) (10-6 cm-2) metry) 

2.0 Wet 1.69 994 112.7 

2.1 Wet 1.98 5089 106.6 

2.2 Wet 2.29 4871 104.5 

2.4 Wet 2.95 3755 129.0 

2.0 Dry 1-56 4966 119.4 

The smallest critical number of 104.4 fuel rods occurs at an H20/U volume 
ratio of about 2.25. 
accommodate a rod separation of 1.85 inches in order to determine the mad- 

A lattice framework is currently being fabricated to - bucklingo 

A comparison of these measurements with previous results, in which the fuel 
elements contained minor indentations at each end for canning purposes, 
disclosed no discernible differences in the bucuings. 

Measurement of & for a Enriched UF4-Paraffin Mixture 

Experiments were completed for determining 
paraffin mixture which was received from Oak Ridge in December. 
operation of the PCW vas utilized in these measurements. The "green blocks" 
were positioned in the PCTR core forming a parallelopiped with nominal dimen- 
sions of 24 x 24 x 30 inches; the dimensions of the removable test section 
were 6 x 6 x 12 inches, which provided for a 9-inch thick buffer region. 
Both borated polyethylene and copper sheets were used to poison the "green 
blocks" to a multiplication constant of unity for insertion in the core. 
the absence of this poison the above parallelopiped, which contained about 
18 Kg of $35, would have been supercriticsl when graphite reflected. The 
total amount of neutron absorber used in the core loading was equivalent to 
that of about 500 lbs. of copper. 

of the 2$ enriched W4- 
m-shift 

In 

Experiments were done to determine the effect on k, of changing the external 
reactor loading and of varying the amount of poison in the buffer region; 
also, two different methods were used for poisoning the test section. In 
one case the poison was distributed "homogeneously" by wrapping borated ply- 
ethylene sheets around the individual blocks composing the test section; 
in the second case the poison was distributed only Over the outer surface of 
the removable test section, or at the boundary with the buffer region. 

The aaalysis of the experimental results is underway; utilizing the current 
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data from this experiment a preliminary value of 
an estimated error being of the order of f 0.02. 
the paraffin has been given as 2.00 4 0.02$, and the H/U235 atomic ratio 
of the mixture is 195. 

may be given as 1.21 with 
The uranium enrichment of 

Criticality Calculations for Correlating Theory with Experimental Data 

A theoretical study of the critieslity parameters for homogeneous systems 
of plutonfum dioxide or plutonium nitrate in water has begun. 
of the study is to develop an age theory formulation for such systems so that 
the criticality parameters of homogeneous systems of plutonium in moderatcrs 
Of reduced hydrogen density can be estimated (i. e., plutonium in organic 
solution moderator). 

The purpose 

Status of Critical Mass Experiments for E-Metal Dissolver 

The most recent bta on the criticality experiments for the E-Metal Dissolver 
were received by phone on January 23. 

Dr. Callihan reported that 'j'I.00 of the 0.95 percent enriched I and E fuel 
elements had been placed in the mock-up of the Hanford dissolver without 
reaching criticality. 
37,317 lbs., or about 18.7 tons. 

All of the uranium on hand was used which amounted to 

The multiplication of the final loading was about three. 
multiplication curve was consistent with, and similar to, that which was ob- 
tained previously when about 12 tons of uranium were used in the random array. 

The shape of the 

The H20/U volume ratio was reported to vary throughout the dissolver as 
follows : 

Height of Loading 

7.5 inches 
15-7 
23.0 
30.0 
37.0 
53.0 

H20/U (by Volume) 

0.95 
1.02 
1.00 

1-09 
1.03 
1.04 

The HzO/U volume ratio of' the initial experiment with the random arrays 
was given as 1.11. 

From the available data it was not possible to determine definitely whether 
criticality could have been reached had mre uranium been available. 
data may be used, however, to determine 811 upper limit for the critical 
buckling of t e I and E fuel elements in the random array. 

ther work is planned with the fuel elements in random arrays. 

This 

6 1500 x 10% cm-2 for the H20/U volume ratio of the experiment. No fur- 
This value is 

The critical mass of a uniform axray in cylindrical geometry was previously 
measured as about 5 tons for an HzO/U volume ratio of 1.69. 
volume ratio typical of the most recent loading in the random array (1.04), 

At the H20/U 



the critical mss even for the uniform array is calculated from theory to be 
about 9 tons for spherical geometry. 
calculated critical mass is a rapidly varying function of the volume ratio. 
We do not recommend that the nuclear safety of the dissolver be based on the 
fact that in the Oak Ridge experiments the bulk loading density of the f'ud 
elements was high. 
uniform may at a low H~O/U volume ratio, a further increase in the critical 
mass limit, other than what has already been given, is not justified at this 
time. Unfortunately, the critical mass measurement for the uniform array at 
the H20/U volume ratio of 1.U will not be made for about a month; this work 
is being further delayed. 
the large reflector tank which was being used in these experiments for other 
important critical mss work. 

At this low H;?O/U volume ratio the 

Therefore, in the absence of experimental data on the 

The Oak Ridge work schedule calls for the use of 

Neutron Age Measurements 

The reduction and initial ana3ysis of the final set of nus has been completed. 
Data taken with foils which were damaged by melting have been studied to de- 
termine when the barnage occurred, and an individual history of each foil pre- 
pared. 
determine the activity induced by thermal neutrons alone. 

The irradiations made with bare indium foils have been analyzed to 

The final activities have been averaged at each position, and their intend 
consistency studied. 
due to counting statistics alone, of about 1 percent. 
of successive determinations at the same position has proved to be of the order 
of 2 percent. 
17 percent of the measurements were lost beyond recovery. 
to experimental mishaps in the remaining runs averaged about 5 percent. 

%st of the data were obtained with standard deviations, 
The observed scatter 

In the run which was most severely affected by foil damage, 
!&e attrition due 

Mass Spectrometer for plutonium Analyses 

Efforts to fabricate successfully a kovar-to-glass seal for the source vacuum 
interlock are continuing in the Glass Shop. 
is being altered to conform to the final design. 

The electronic instrumentation 

Critical &ss Theom 

Attempts at adequate numerical evaluation of the solutions of the pile 
kinetic equations with linear time variation of' reactivity, as given by Trip- 
lett, HW-32346, have been unsuccessful to date. 
possible geometries and f'uel concentrations of interest to Critical Wss 
Physics lead to cancellation in the exrponents of certain-fadors involved and 
result in uncertainty in the value of the multiplication. versus time. 
effort to circumvent this difficulty, a sirtlple FtlRTRAN program is being mitten 
to integrate the equations directly. 

The parameters describing 

In an 

A re-examination of the reactor physics of the detection of potential chain 
reacting systems by neutron monitoring has also begun. The solution of the 
pile kinetic equatfom above will be applicable to this problem as well. 
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CROSS SEZTION PROGW 

Slow Neutron Scattering Cross Sections 

The three-axis spectrometer at105-KE was out of service from December 22, 1958, 
to January 13, 1959, because of operational problems. 
traced to faulty installation of the milling machine dividing head which con- 
trols rotation of the crystal about the third axis. 
dividing head has never been satisfactory since the conscruction of the spec- 
troneter on Project CG-672. When mounted as originally installed. excessive 
torque is required to rotate it. Because of tMs condition, the drive motor 
burned out and had to be replaced. 
vice, at least temporarily, by not tight-ening the mounting bolts for the 
dividing head, but it is not known how lcng this expedient will suffice. 

These problems were 

The operation of this 

The spectrometer has been returned to ser- 

The new boron neutron beam monitor has been placed in senrice.. A slow deteri- 
oration in pulse height was observed initially, but repeated refillings of the 
chamber have steadily iaproved the stability. 

Some progress has been made on the study of the scattering of 0.1 ev neutrons 
from water. 
from 4' to 76' in 2 increments. 
ward angles and strongl 
factor of ten between 4 
have been made at loo, 20°, 30°, 450, and 600. 
much more slowly with angle than the elastic peak, and predominates at the 
larger scattering angles. 

The anpar distribution of the elastic group has been measured 
This group is fairly sharply defined at for- 

Energy analyses of the scattered neutrons 
peaked in the forward direction. 
and 76'. 

It drops by a 'd 
The inelastic component varies 

Slow Neutron Fission Cross Sections 

A new absolute BF 

is being studied. 

The new aluminum fission chamber for the PU*~ and Pu241 cross-section measure- 
ments has been completed. Foils of Pu241 have been prepared, and their weights 
determined by alpha counting. These have been installed in the new chamber, 
which is now ready for use. 

chamber has been completed, but shows only slight improve- 
ment over its pre a ecessor. The effect of changing the operating conditions 

Subthreshold Fission 

The planned e 

the chamber and its weight redetermined by alpha counting in Analytical Labora- 
tories. Thfs new measurement gave an americium weight three times as large 
as the origi-y reported figure. The source of the error in the original 
alpha assay could not be determined. The new weight value gives a cross-sec- 
tion normalization consistent with that obtained using an earlier americium 
sample. 

The analysis of the ~m241 fission cross section has been completed, 
energy fission cross section extrapolates t3 a 2200 m/s value of' 3.15 barns 
with an uncertainty of abmt 30 percent. 

rimental program on the low energy fission cross sections of 
Am241 and T?$3 "$ has been completed. The americium foil has been removed frcm 

The low 

This result agrees with the accepted 
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value obtained for thermal neutrons. 
and 0.579 ev are fitted to within the precision of the data of a few per- 
cent by single level resonance formulae. 
pointing result since it would be expected that large interference effects 
would exist because of the restriction of fission efit channels so far below 
threshold. 
tical methods of calculation of interference effecta. The level width ob- 
tained for the first two resonances was (41 2 4) mv which agrees with values 
published from total cross-section results. 

The two lowest resonances at 0.307.ev 

This is a very strange and disap- 

It had been hoped that these data could be used to compare theore- 

The comparison of the average fission widths obtained from the low energy 
resonances with the predictions based on the fast neutron fission threshold 
have been reported. Some evidence that the small widths obtained for M$37 
are a local fluctuation in the distribution was obtained by measurements of 
effective fission cross section in filtered pile neutron spectra. 
measurements indicated that the average fission width of Np237 in the region 
of lo00 ev may be 100 times as large as the value obtained near thermal. ener- 
gies. 

Foils of 99.75 percent pure Pu240 have been prepared and measurements are 
being initiated to mprove the low energy fissioa results on this nucleus 

Foils of uranium samples enriched in U234 and in $36 are being prepared by 
Analytical Laboratories for subthreshold fission measurements. 

These 

concurrent with Pu2 f; fission cross-section measurements. 

Fast Neutron Spectra 

Several improvements in instrumentation have been completed. 
generator for the beam sweeping system is in operation, and appears to 
be very satisfactory. 
to-peak, together with a synchronous time mark pulse once per cycle. 
struction has been completed on an oscilloscope for observing the target 
burst, to aid in aligning the chopped beam. A new detector assembly has 
been installed. 

The new RF 

It provides seeping voltages from 3 kv to 35 kv peak- 
Con- 

A new chronotron circuit has been built, using high-transconductance tetrodes 
(W. E. 4364) instead of secondary-emission pentodes (EFP-60). In contrast 
to the old circuit, which suffered severe shift in channel width at large 
duty cycles, the new circuit has a duty-cycle dependence too small to measure 
by the technique currently in use. 

Shielding Measurements 

Further work on the NFR shielding measurements has given results significantly 
different from those reported previously. 
clock and resolving time are suspected. 
tion has been measured, but this change is too smaU to account for the ob- 
served discrepancies. 

Systematic errors in the dyzer 
A ?-percent shift in energy calibra- 
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Correlation of Data on Heavy Water Moderated Cluster Lattices 

In order to determine the effects of the moderatcr-containiq cans on measured 
values of kat it was decided to duplicate, via calculations, the steps used 
in a ETR measurement. These calculations will determine the mass of copper, 
b, necessary to poison the central test cell to a multiplication factor of 
unity. 
The fractional difference between the two values is directly related to the 
error in the measured & cawed by the cans. 
fectly matched spectrum, so that the only effects found will be those due to 
the cans. 

M, will be determined wfth and witbut the containing cans in the core. 

The calculations assume a per- 

The three-group cross sections used were adjusted so that the calculated h1s 
for the txo (air-and %O-cooled) eight-inch cells agreed with measured values 
to within 1 mk (1 x 10-3 in b). 
calculated at the seven- and &be-inch spacings. 
seven-inch spacing were within 2 mk of the measured values for both coolants. 
In the nine-inch lattice, the calculated and experimental values of & were 
1.074 and 1.097 for %O coolant and 1.088 and 1.U7 for air coolant, respec- 
tively. 
was reproduced to within 56. It is felt that tLis de-e of correlation is 
sufficient for investigating the smaU can effects. 

Using these same cross sections, was 
The calculated values at the 

Thus, the change in k, in going from the eight- to nine-inch lattice 

As was mentioned in the last monthly repart, the buffer fuel rods must be 
represented by an annular ring of multiplying material in order to we the 
VALPROD program on the IBM-650. The adequacy of any buffer model may be 
checked by noting the fact that k, for any group of cells in a perfectly 
matched spectrum is identical to that for any of the cells taken singly. 
culations were run for the "siqercell" consisting of one fuel column and its 
six nearest neighbors (buffers), without any containing can inserted. Using 
the best buffer model found, values of k 
higher than those for the corresponding 3ngle cell cases. Calculations for 
the buffers alone yielded similar results. 

Cal- 

ranged from 6 mk lower to 7.5 mk 

km was also determined for the "supercell" and buffers alone w5th the contain- 
ing cans inserted. 
determined for the single cell and buffer only cases. 
yet been analyzed or intercompared. 

The amounts of copper necessary to poison to k, = 1 were 
These results have not 

PCTR Experiments 

Calculations have been campleted which estimate the variation of t5e epithermal 
multiplication factor of Pu-A1 fuel as a function of exposure. 
tions were made under the following assumptions: Constant ower output per 
unit volume per unit nux, no self-shiel~ng in ~r239, pu24fl ~~242.42. Self- 
shielding in Pu240 was imluded. 

These calcula- 

Error estimates on an experimental program to measure the calculated variation 
indicate that the epithe 

2pu of 6, 20, and 40$ Pu2ean be resalved. Details of tM+ experimental, pr2- -11 

multiplication factors of Pu-A1 fuel containing 

1'1 ti 0 8 8 2 
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gram are under consideration. 
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Theoretical Physics Studies Related to the Plutonium Recycle Program 

Since an estimate of the adjoint flux is needed in choosing variational trial 
funct.ions, its physical interpretation has been studied. For a subcritical 
system, it was shown that the adjoint flux at a point is the response of a 
neutron detector whose sensitivity is given by the adjoint somcs, when a unit 
neutron source is ictmduced at the specified point. By taking a critical 
system as a limiting case, it was shown that the various adjoint functions 
ccrrespcrnding to different possible detectors will ccalesce (except fer their 
relative amplit.udes) as the reactor becames critical, and agree with the 
iterated fission probability interpretation. 

A general discussion of the analyeis of multidimensional systems by means of 
variational principles has been written for the quarterly report. 
the derivation of diffusion theory given in the previous monthly reprt, the 
following applications of the general method have been made: 

Besides 

Ihe tw-dimensional, one-group diffusion equation has been reduced to 
a pair of coupled one-dimnsional equations, in which the caefficients 
are obtained by weighting the material constants by the square of the 
flux associated with the other variable. 
version of current flux-synthesis methods for analyzing two-dimensioml 
reactors. 

The result is an improved 

The few-group equations have been derived frcm the space- axxi energy- 
dependent diffusion equation. The resulting group constants are weighted 
by the product of the flux and its adjoint, and reduce to the usual flux- 
weighted constants only for the case of negligible absorption and leak- 

age * 

The thermal group equations for a two-temperature system have been de- 
rived by using a superposition of maxwellian fluxes as a trial function. 
The resulting tm-group equations are equivalent to the set previously 
derived on intuitive grounds when the average energy at which neutrms 
are produced or absorbed coincides with the equilibrium energy of the 
neutron groups . 

Instrumentstion 

Purchase specifications for the profilometer have been written for all of 
the glass optical elements. 
and a work order issued to Tech Shops for fabrication. 
ing unit design was also completed. 
at Tech Shops. 

The warp measuring section design was completed 

The diameter measur- 
Fabrication cost estimates are being made 

A purchase specification was written for the purchase of a Coleman Digitizer 
after a literature search of the available shaft position encoders had been 
made. 
digitizer should be ready for demonstration by the middle of Mrch--baming 
purchase difficulties. 

The automatic printout system for the PRTR Profilometer using this 
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The design drawings for the wide-angle viewer are complete except for possible 
revisions arising from the comments of those who revPew the drawings. 

Lattice Parameter Measurements 

Fabrication of the graphite for the PCTR core is about 76 complete. 
tion of stainless steel components is in progress. 

Fabrica- 

Control Rod Measurements 

The control rod has been made and shipped to Hanford by Oak Ridge. 
work on the method for interpretation of this experiment wlll be done in the 
next two months. 

Additimal 

Dcppler Coefficient Studies 

Yarfatfcn in the Doppler Coefficient with Surface-to-Mass Ratio 

The design and procurement have begun for a mockup of the apparatus to be used 
in these studies. 

Theoretical ETR Studies 

Work on the small source theory analysis of the GCR cmtrol rod problem has 
continued. 
simple case of an infinite, uniform array of similar fuel rods. 
requfred are similar to those necessary for the analysis of the actual problem 
but the complexity is greatly reduced since no off-site sums occur. 
equation thus serves as a critical condition rather than a four by four 
determinant. 

The derived criticality coriaition is being examined for the very 
The methds 

A single 

As a sidelight, an analfiical expression has been obtained for the slowing 
dmn flux as a function cf position in a lattice cell. 
the near spatial independence of this quantity. 

It shows very clearly 

Test Reactor Operations 

Operation of the Pclli continued routinely during the first two weeks of the 
month. 
Critical mass measurements were completed on the 2-percent enriched uranium 
fluoride in paraffin blocks. 

There were two unscheduled shutdowns, both'due to electronic failure. 

The reactor was down for the last two weeks of the month for a scheduled 
maintenance outage. 
comes up flush against the fixed face. 
removed and improvements were made to prevent this in the future. 
Building Additfcn has made it possible to remove a large amount of the experi- 
mental equipmen3 stored in the Reactor Room. 

The moving face track was leveled so that the face again 
Play in the control rod actuators was 

The 305-B 

This program was started. 

During the enriched UF4 in paraffin expertmenti, a radiation hazard was dis- 
covered. SmaJl amounts of shcrt-lived figsion product were found to be escay- 
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ing from the blocks. 
sample filters. Tellurium, Iotline, and Cesium isotopes were also found. 
Assault masks were worn while the hazard was being investigated. 
hve been issued to inprove the ventilation of the Reactor Room. 

Rubidium-88 was the principal isotope identified on air 

Work orders 

Experiments for the Lattice Neutron Temperature Study were conducted during the 
nionth. 

There were four unscheduled TlTR sl=utdcwns, all due to electronic failure, in 
the log level amplifier (Ch. 3). 
this trcuble. 

Effcrts are being =de to locate and correct 

The TlTR fuel piece out-of-reactor storage requirements were reviewed and re- 
vised for nuclear safety in fully water moderated condition. 
cabinet was desigped and ordered. The small number in excess of the reactor 
loactlng cannot be hazardous. 

A special s%orage 

BIOLOGY AID MEDICINE - 6000 PROGRAM 

Atmospheric Physics 

Upon the recomendatioc of the Camnittee on Awards and with the approval of 
the Council of the American Meteorchgical Society, the Society's annual Award 
for O&standing Contributions to Meteorology by a Corporation was presented 
to the General Electric Cc3lpany's Hanford Atomic Pmducts Operation on Jmuary 
29, 1959. The citation accompanying the award was as follows: 

. . "for early recognition of the importance of meteorological 
phenomena in the operation of nuclear energy facilities and for 
bold and imaginative action by the Companyos Hanford Atomic Pmducts 
Operation in developing a continuing meteorologicsl program uniquely 
adapted to the nuclear energy industry. 
work in micrc- and meso-meteorology, this program has contributed 
imporkntly to the clarification of atmospheric exchange and trans- 
port processes and to the proper inccrporation of this knowledge 
into the solution of the multi-disciplined prDblems of airborne 
wastes. At the same time this program has provided a unique ex- 
ample of the passibilities for specialized weather services to a 
single industry and the incorpsration of these services int.0 the 
managerial and functional organization of that industry. I' 

Through advanced research 

A novel method for measuring deposition of airborne materials on a snow sur- 
face was tested in the field. One of the greatest difficulties encountered 
in the measurement of deposited materials is in obtaining truly representa- 
tive samples under natural field conditions. Vegetation and ground samples 
are unsuitable for the fluorescent pigment tracer system and attempts to 
substitute catch pans, gummed paper, etc., leads to highly abnormal sur- 
faces ana ncnrepreseritative sampling. 

With fresh, undisturbed snow, it is very easy to obtain a representative 
sample, however, since a suitable area cf the snow may be removed without 
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disturbing the sample deposited on its surface. 
water-pigment solution filtered, and the particles retained on the filter. 
The results are, of course, applicable to deposition on snow only, but the 
sensitivity and accuracy of this technique probably far exceeds that possible 
for any other natural surface. 

The snow is then melted, the 

Comparisons of average airborne concentrations and deposited amounts were made 
at same 30 points, all contained in a 200-m polar gird. 

The measurements were made quite readily. 
wind velocity prevented definitive results from this single experiment. 
ation of this system for future testing of deposition hypothesis is planned. 

However, a very low and variable 
Exploit- 

The acquisition of materials and supplies fcr the dispersion experiments sche- 
duled for this summer proceeded on or ahead of schedule. 
approved the loan of fifteen towers and shipment of this equipment from their 
Sacramento depot was authorized. 

The Si& Corps 

plans for the analyses of data were continued. 

DOSIMETRP 

The Shielded Personnel Wnitoring Station (body monitor) was completed and 
occupied. 

Background in the iron roam of the Station was measured after the flooring 
had been put down, lights and intercom installed, and the interior painted. 
No change was detectable from the background before these steps were started. 
Integral backgrounds measured in different parts of the room differed by 18$ 
at the most. A background spectrum measured in the room was the same, wfthin 
experimental error, as one taken earlier in a four-inch lead shield. 

A 256-channe1. pulse analyzer and a 9-3/8-inch diameter by binch thick NaI 
crystal were received for use in the Station. 
Resolution of the crystal with a 14-inch photomultiplier tube was about 13$ 
which is good for a large crystal. Use of a 2-inch lucite light-pipe gave 
no improvement in resolution. 

Six subjects exposed to Ru106 were examined in the Station about two weeks 
after the exposure. 
ferent energy bands--one around 0.51 Mev, the other around 1.05 Mev. 
energy band offers more sensitivity but suffers from interference by Cs137. 
sults were 

The analyzer works satisfactorily. 

Measurements were made with the large crystal in two dif- 
The low- 

Re- 

nyc as determined in 

Subject No. 0.5l-*v band 1.05 -Mev band 

1 
2 

3 
4 
5 
6 

* Standard Ykviations 
12kO88b. 

523 
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. Subjects 5 and 6, where agreement is the poorest, drink a lot of milk. 
of agreement is due to the uncertainty in their ~~137 content. 

The lack 

A subject exposed to fuel slug dust was examined and no unusual radioactivity 
found. 

Pulse spectra pro ucad in a large plastic scintillator were masued for Ba 133 
('2.66 MeV) and Cogo (1.17 and 1.33 ev). The ccuntdng rate froa a subject wxdd 
be increased at the Compton peak by a factor of 2, io, and 15, respectively, by 
1 pc of these sources. 
auxiliary personnel monitor. 

This eo'mter is being staaed far poss'ble use as an 

The experiment designed to check the dfszrepaney between x-ray counting an3 
alpha counting for plutsnium must be repeated. 
to3 small deposition of plutorfum. 

The first attcmpt result.ed in 

The operaticn of the positive icn Van de Graaff was mmved considerably and 
is satisfactory fop most wwk but. not for the best time-of-flight wctrk. 
latter application requires much better thsn average performance. 

The 

The neutrons/gm-sec and the average energy of the neutrons emitted from pluton- 
ium chicride were measured with the double-mollerator system to assist in planning 
protestfan measures in separations plants. 

MeasureIllents of the averege neutron energy from small and from large neutron 
sources of the same bind were completed with the double moderator. 
measurable differences. 
The difference is greater for PuBe sources than it is for RaBe sources. 

There are 
The average energy fram the smaUer source is higher. 

Studies aimed at imprwlng low-dose pencil ion chamber techniques have reached 
the point where the performance of selected pencils is about adequate. 
problem that now appears to Be most important is that on insertion of the pencil 
into the reading device, there is a momentary reading in the wrong&ectix. 
This reading appears to be the same from one time to the next far a given pencil 
but is different fcr different pencils. 

The 

A general theory wae constructed for dealing with problems of radiation &si- 
metry. 
usually used in dosimetry. 
derived so that the nature of the approximations becomes evident. 
gives the usW quantitative results  fro^ the approximations. 
been made to use the rigorous expressions quantitatively. 
shown to incorporate the transport theory of radiation so quantitative work can 
be done. 
quite easily. 
chamber theory. On the latter topic, the theory shows that the delta-ray ef- 
fect does not vanish in the limit of smll cavity size. 
have not been able to establish this point. 

Formulae c.~ be derived from the general. theory for the approximations 
!l!he rigorously correct expressions caa also be 

The theory 
NQ attempt has 

The theory can be 

The rigorous expressions can be manipulated at a qualitative level 
This develops deeper understanding of such things as cavity 

Ad hoc cavity theories 

INSTRUMENTATION 

Some investigation work is being carried Gut to determir;e the efficiencies c;f 

various light pipes. 
ation. 

Alpha and beta-gamma probea are being fabricated fcr evalu- 
The dimensions of these probes are as fcll3ws: 
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1. 
2. 

3. 

One is three inches and the other is 12 inches in length. 
Each probe has a 5-nun diameter. 
The diameter of the rod being used is 4 nun. 

The probes are a scintillaticn type employing ZnS and bfoplastic for alpha and 
beta-garma detection, respectively. Tests drew made show that these probes 
work very efficiently. 

An estimate of' the cost of providing Redox uith some area monitors is being pre- 
pared. 
beta-gamma scintillation monitm, (2) a system using a central high voltage md 
central. amplifier but xfth four inputs from area monitcrs (A recorder is to be 
central to the system also), (3) a G-M beta-gamma monitor fnst.ead of the scinti- 
llation mcnitor, and (4) change cf present high-level alpha mordtcr tc a dual 
channel alpha air rnonitar. 

This estimate covers the use of (1) three aipha air monitors and one 

All of the radic telemetering network data station equipment was delivered and 
is being calibrated. nsT4 representatives of the manufacturer (The Instrument 
Laboratory, Inc.) are pPesectiy at HAP0 to ecrrect minor wiring errcrs and to 
install the data staticn erxlcrsures at the five locatims not requiring wind 
generator power. 

An experimental dose-rate integrator which employs a battery-operated miniature 
motor t=r turn a disk was fabricated and tested. 
motor varied frDm 42 to -2$. 
100 hours. 

The errar introduced by the 
The battery life of the instrument is greater than 

One scintillation-type nuclear incident alarm was designed and two will be 
fabricated. The device employs a scintillation detector, low-gain transistor 
amplifier and a relay-type meter, presettable to any relay-close point. from 
1 to 20 pa. The transistor amplifier (2 transistors in a balanced circuit) 
need only be used for very low "alarm levels" euch as 1.0 to 10.0 mr/hr. 
alarm levels over 10 mr/hr, the phot&ibe and crystal detector drive the relay 
meter directly. 
one mr/hr tc two r/hr giving an excellent dyramic range. The "breadboard" 
laboratory assembly proved to be extremely stable. 
ployed depends upon the "alarm" point requirements with NaI being used for 
"Alarm" levels below approximately 100 m/hr and inexpensive terphenyl in 
plyvinyltoluene used above 100 mr/hr. 
either "fast" or slow by proper crystal and moderator selection. 
neutron sensitive crystals are somewhat. gamma sensitive. 
able neutron "alarm" levels are from 50 mrem/hr to 5 rem/hr. 
different "alarm" points, both gamma and neutron, the basic instrument is un- 
changed. 
are all that is necessary. 

For 

Any "alarm" pint can be accommodated with this device frcm 

The crystal detector em- 

Neutron alarming my be accommodated, 
However, the 

The estimated avafl- 
For all of the 

The use of two "sensitivity" controls and a proper crystal selection 

Work on the cGmbined scintillation transistorized alpha-beta-gamma hand and 
shoe counter is progressing satisfactorily. 
Only the shoe probes remain to be assembled. Complete system "de-bugging" 
has started with this expected to require very little time since the basic 
compcnents were tested aft.er their original fabrication. 

Fabrication is now 5 go$ complete. 

This unit will be F+ 

ready for operation by March 1, 1959. 

IZk0288 



B -20 m-59099 

The alpha scintillation transistorized hand counter has cow been in continuous 
operation for one year and @ne month in the 329 Bldg., -ex, and 234-5 Bldg. 
wfth cc maintenance, repair, or adjustment work necessary. In fact, it hasn't 
even been necessary to adJust the calibration or sensitivity controls in this 
time. The unit has performed much better than could have possibly been 
imagined. It still, reliably, detects and indicates above "warning level" 
which is 500 d/m in less than 15 secmds. In fact, tlie instrumeat will ixiddeate 
abcut t-wice warning level for a 250 d/m ~~239 alph source distribut,ed over a 4" 
x 8" area in 15 seconds. Thfs original "sensitivity" has keen retained fcr the 
one year and one month Gperathg period wfth nc adjustm%s. The imtrument is 
befig ordered for 234-5 Bldg. (12 units) and fcr the PR'JIR project (4 units). 
It can replase the old four-fold alpha hand counters which average $100 per 
month maintenance coats each. 

WASHINGTON DESIGNATED PRBGFM 

The transistorized magnetic sweer circuit has been perfected, and construction 
of the final circuit has been started in the Electronics Shop. 

The long-term temperature-sensitive drift in the ion accelerating potential has 
been reduced to &G acceptakle rate of less than one part in 2000 per day, by 
replacing the deposit-ed-carbon resistors in the high voltage regulator and con- 
trol circuit wit.h precision wire-wound resistws. 

A new electron 
has a gain of 1% a factor of 10 to 16 greater than the original multiplier. 
The relative pulse-height. distribution from the new multiplier, however, daes 
not differ significantly *om the old one, and under typical operating csntti- 
tions only 10 percent of the incident ions are counted. 
unsatisfactory, and further investigation is necessary. 

tiplier has been installed in the ion counting system. It 

This perfornance is 

Work continued on the choice of wide-band amplifiers and the design of a pdse- 
height discriminator far the ion counting system. 

CUSTOMER WORK 

Analog Computing 

For the PRTR, the xenon poisoning equations have been simulated successf-Uy 
on the GEDA. Studies were made of the build-up and decay of xenon in the 
PRTR at power levels of 10 MW, 30 MW, and 70 Mw. Studies were also made CJ~ 

xenon concentration when the reactor was taken up to fiU power at various 
time intervals after scram. 

The *O-He system was studied using an analogous spring-mass system. 
pose of this study is to determine the tmnsient response of the water level 
to changes in the gas pressure differentid.. Bcth step forces and sinuscidally 
varyfng forces were applied. 
mined by hand and also on the DDA. 
Future studies of this type should use more refined and exact equations. 
Present results indicate that changes in the contrcjl valves may be necessary. 

The pur- 

These response characteristics have been deter- 
There is excellent correlation of results. 

A problem has been accepfed from FTD to determine the impedance 8s a funetfor, 
of frequency and parallel resistance for a suggested testing coil system. It 
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is expected that this problem will be completed in Febnuuy. 

The computer has essentially been out of service for the majority of the month. 
It was shut down on January 6 for replacement of bad contacts on the patch 
bay. 

After aJ1 horn defective contacts had been replaced, it was discovered that 
all the electronic multipliers were out of tolera,xice in accuracy and could not 
be calibrated. At the present time, only two of the multipliers are in satis- 
factory operating condition. The troubles wlth the remaining multipliers have 
not been resolved. 

Both stabilizers are also giving trouble. 
seems to be cperating satisfactorily for the time being. 
still in progress on the other. 

One of these had been repaired and 
Trouble-shooting ie 

We hope to have it in operating condition 
within the next few days. .. 

The electrical department has been contacted and asked for an estimate for 
installation of a positive ground system for the computer. 
no word from them as yet. A good ground is a necessity for an analog computer 
and we do not understand why it was not installed at the time of installation. 

We have received 

A new power line installation will be necessary to sup-ply the additional analog 
computing equipment which we anticipate receiving later this year. 
line will be required to handle approximately 75 amperes of ll7 volt, 60 cycle, 
AC power. 

This power 

Steps have been taken toward having an instrument technician assigned to full 
time work on the computer and supporting equipnent. 
necessary to rnaintain the equipment efficiently and to keep out-of-service 
time at a minimum. 
ing a point where this can be justified. 

It is felt that this is 

The amount of maintenance on the computer is rapidly reach- 

The specifications for a new computer have been completed and the pwckiase 
requisitions written. 

Weather Forecasting and Meteorology Senrice 

'Mx? of Forecast 

&Hour Production 
24-Hour General 
Special 

Number &de 

93 
62 
121 

$ Reliability 

80.8 
85.3 
93.4 

In spite of a cold wave early in the month, generally mild temperatures there- 
after enabled January to become the 9th straight month of above-nom tempera- 
ture. Precipitation totaling 2.05 inches was nearly 23 times the monthly 
normal and was the second greatest amount of record for January. 
inch total of January 1953 stands as the 47-year record high for January. 

The 2.lb- 

Instrumentation 

The alpha scintillation transistorized AC-operated poppy loud speaker outyzrt 
UO VAC-operated device for "station" monitoring work has performed satisfac- 
torily except where the gamma background where the probe is being used is 

1 2 6 c (veater than 200 to 300 mr/hr, This "level" of gamma background does cause some 

D 
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additiclnal background counts above the usual level of background of less than 
two c/m, 
are apparent where alpha counting is desired, this is not considered a problem. 

Since there are very few places on the plant where such gamma levels 

On the zinc sulfide particle counter, a new source deposited on quartz glass 
was tested. Due to the poor optical properties of the scarce, the signai %D 

noise ratio was paor as compared with the scurce deposited on the perifery Ic-f 
5, flat ask with a hole in the center. 
WP learned that the only difference betweeo the new and the old source was tht 
the new one had been coated with flexible (collodion). 
chemiet.s revealed that the flexible type collollion contains castar oil which 
probably causes tnese scintillations. The scurce was flamed again t3 remwe 
the collodion and sprayed only with krylon. 
tillations. 

Originally the glass source scintilhted. 

A conference with sone 

This eliminated most of the szin- 

Final evaluation was completed on the portable, scintillation dose-rate meters. 

Evaluation tests are being conducted on linear amplifiers, alpha, AC-operated 
poppy, and a commercial remote-area mol=itoring system. 

Changes were recornended in the batteryBF3 univibrator circuit. 
give an instrument that has linear response. 

These Kill 

Optical 

Shop sketches were prepared outlining the modifications of the slit camera at 
the 105-C fuel examination facility. 
either normal shots or for taking rolled out pictures of the surface of fuel 
elements. 

The modifications pravide for taking 

Fabrication of this modified unit is fifty percent complete. 

An informal report was written describing a profile microscope which ms built 
in the Optical Shop for measuring scratch depths. 
nique to the 45-power underwater microscope at the 105-C fuel exaninatginn faei- 
lity is being studied. 

Application of this tech- 

The routine Optical Shop work Included the fabrication of six glass bearings, 
two lead glass windows, the lighting head for a knox Borescope, eight bzre- 
scope lenses, two objective lens mounts, and several light pipes. Three 
micrascope obdectives and a theodolite were serviced. Work continued on tbe 
fabrication of 14 glass bearings, on the conversion of a Redox crane perisxpe, 
and on modifications to the log-C slit camera. 

Manager 
Physics and 

6Lz- 
Instrument Research 

and Development 
HANEQRD LABORATORIES OPERATION 

PF Gastmcs 

IZk.039 I 
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Chemical Research and Development 

RESEARCH AMD ENGINEERING 

FISSIONABLE MAWIAL - 2000 PROGRAM 

IRRADIATION PROCESSES 

Uranium Oxidation and Fission Product Volatilization 

The project proposal fcr the conversion of 292-T Building tc a test facility for 
uranium oxidation and fission product release studies was completed. Estimated 
cost of the project is $75,000. 
complete eight mynths after project apgrcvai. 

It was estimated that construction could be 

Small scale experimental measuremerits on the rate of fissicn product volatilization 
from heated uranium were continued. 
measure the fraction of various isotopes vola’ilized aE a fbetion of time and to 
determine the activity associated with psrticleslpitted. The specimexis, eleven- 
gram bare uranium cylinders irradiated tc 2 x 10 nvt ard cooled 1 to 3 days, were 
oxidized in air at a furnace temperature of 1200 C. Preliminary analytical results 
indicate that time at temperature is an impcr+&n? variable in the amount of fission 
products volatilized. 
released in 80 minutes. 
cent per minute. Strontium and ruthenium behave2 arLcnaiously, averaging about 
0.15 per cent released for all cases tested. 

The principal aim of these studies was to 

Essentially 100 per cenf of both icdine and tellurium was 
Cesium volatilized linearly at a rate of about 0.025 per 

Decontamination of Reactor Componects 

Removal of radioactive contamination from fissicn prcduct-uranium dioxide contaminated 
carbon and stainless steel coupons by several. cleacing procedures was studied. 
contaminated samples were prepared by exposing prescaled carbon steel (Type A246) 
and stainless steel (Type 304-L) coupons together with irradiated uranium wire to 
pH 10 water at 195C in a stirred autoclave. 
is a two-step process involving alkaline pt.assium permanganate followed by dibasic 
ammonium citrate-tetrasodium Versene solutim (bcth solutions at 95C). Gross gamma 
decontamination factors from 2,000 to 3,000 were o5tained. Corroaicn of the carbon 
steel was undesirably severe. In procedures mdifi9d to reduce corrosion of carbon 
steel (reduced temperature and increased p9: is she second step) decontaaination 
factors lower by factors of about 10 were obtained. 
ferrous ammonium sulfate-sulfamic acid solution was used in the second step. 
contamination factors in excess of 1,000 were obtained; corrosion of carbon steel, 
although less than with ammonium citrate-Versene, was still undesirably severe. 

!The 

The cieaaing procedure studied most 

In arzother modification, 
De- 

Several other procedures involving potassium permanganate, bromine, ammonium 
persulfate, and hydrogen peroxide ic sodium carboriate-bicarbonate solutions were 
tried. Gross gamma decontamination factcrs of 50 or less were obtained. 
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Analytical Services 

Regular reporting of GaT2 and Zn69 in the Coiumbia River and drir,king water will 
start February 1. 
hydroxide slurry. 
diammonium phosphate slurry. 

IBM may soon be rcutiLely calculating gamma enerm spectra. 

ations Research & Synthesis Component, natrix equatiorzs vere calculated for a ten- 
component system and submitted to Data Processing. 
analyzer samples agreed well with manual values. 

Galiium is purified by exher extracticn and "256"-counted as a 
Zinc is Fwified by ior excharige and "256"-counted as the 

Recovezies of bo%h exceed 85 per cent. 

In cooperation with Oper- 

Its results on fcur 256-channel 
Perfect agreemerit is anticipated. 

Adaptation of a copper spark spectrographic naethcd permi+,s determination of aluminum 
in deionized vaterin the 0.025 ppm to 2 ppm racqe with a preckion of f 5 per cent 
at. the 95 per cent coLfidence level. 
as an iuternal standard is mounted directly CL & pair GI copper dectrodes, dried, 
and subjected to spark excitaticn. 
triplicate analyses, needed precisfor. whs met. 

An aliqmt of tbe ~&xc~le with gallium added 

By using the lioe pair, Al 3961:Ga 4033, and 

A molecular leak and inlet system was fabricate2 ar?d ir,st&Lleci cc the general mass 
spectrometer to perm...t routine analysis of 100 tc 530 micrm pressure gas samples. 
Recent water samples from in-pile locps had insufficient gas pressure, even affer 
laboratory compressfoc, for analysis on the (ncmal) viscous leak incorporated in 
the general mass spectrometer. 
method of building an extensive vaxum system h;.c;kus fcr +ke nzlecular ion resonance 
mass spectrometer. 

The new insthllation circweated an alternate 

The thermal mass spectrcmeter, routinely applied tc high mass assay, was successfully 
used to determine the isotopic ratio of litkiixn con?ained i: flux used to weld fuel 
elements. High mass techniques were ueed %e mount 10 mq of smple from aqueous 
solution. Three lithium compounds (LiI, LisQ acd LiC1) were azaiyzed to evaluate 
the precision of the methcd. Mole rat.ios obtained at the 95 per cent confidence 
level on assumed natural materials were withisz thz paclishej. limits of mher sites. 

The flexibility of activation analysie was eqanded 5;; rsducfng tc seven minutes, 
the average time needed to get samples from the rcactcr oo the couiter. 
activation products of half lives as low as a?ou', tvc miliutes may be assayed. 
relatively short time lapse is due tc three cmditeons. First, the 100-K3 pneumatic 
charge-discharge facility is now in cperaticn. 
the high density linear polyethylene pclymer exudes c.dy ~;.,e Rad, xmstly beta, after 
a ten-minute exposure. Finally, nearby cou?i+,in equipmeit has been arrmged. To 
demonstrate, aluminum (half-life of product A12' is 2.27 mimtes) was used even 
though its < 0.2 barn cross section is Far. It is likely that about 50 elemsnts 
in amounts above 0.00001 to 1 microgram, depending upon the elemnt, may be assayed 
by activation analysis using the 100-KE reactor. 

Thus, 
The 

SercxYCy, MarlexR rabbits are used -- 

SEPARATION PROCESSES 

Anion Exchange Prccessing of Purex UP 

Recent results indicate the efficiency of reIowa1 cf fiesior, pr0duct.s in the wash 
cycle decreases as the feed rste of th2 wash sclutl~r is Iixreaserl. For example, 



c-3 

identical volumes of 7.2 M.HN03. 0.01 M HF wash produced zirconium-niobium decon- 
tamination factors of 1.6~ 
rat.es of 5.4, 10.1, and 14.8 ml/(min)(cm2), respectively. 

105, 2.4 LO4, and 1,8 x lo4 when they were fed at 

Similarly, more efficient remval of fission prod~t~s can be obtained by increasing 
the fluoride concentration ir: the wash solution. At a wash flcw rate of 10.1 
ml/(min)(cm2), 10 column volumes of 7.2 M HMO?, Q.i M HF followed by 6 column 
volumes of 7.2 M HNO3 yielded a zirconium-nio6ium deFo tamination factor of 

volumes of 7.2 $ HNO3, 0.01M HF' follcwed by 6 colm volumes of 7.2 M H1PO3. The 
gain in fission product. decobmination is somewhat offs&x by the grezter elution 
of plutonium which occurs with a high fluoride wash. Uric cf a high fluoride wash 
would therefore require that the loadirg cycle be temioat5d at a lower average 
plutonium loading or that a "tailicgs" cclumr. be prcvidsd tz reccver plutonium from 
the wash cycle effluent. 

3.7 x lo4, some&at greater than the value of 2.4 x 10 E obtained with 30 column 

The experimenbl study of the use of aicn exchange tcj scccmplisk purification and 
concentration of plutonium in Pupex 1BP has teen ccnsluded. The results indicate 
that a process consisting of a single cycle cf cion exekmge coqled to a single 
solvent extraction cycle such as the Purex €54 - fis - LE cycle should be capable cf 
routinely producing a 50 g Pu/l product w~ll withic presect plutonium purity apeci- 
fications. A single cycle of anion exchasge desi=& tc. cprate in remote equip- 
ment could, therefore, replace the lBS, 2A, ami El3 wlverit extracticn cclumns and 
the unshielded anicn exchange cont.actor prese~tly ic. VE~ fr. the Purex plan+,. 

Electrolytic Uranium(IV) 

Construction of a pilot unit to electrolytically Frcpa-e tetravalent uranium has 
been initiated. The tetravalent uranium is gctectially useful as ari alternate 
plutonium reductant in lieu of ferrous irsr. in solvent extr&ction partitioning 
columns. Successful substitution will reduce the cation cmtent of the wastes and 
thus potentially reduce the comzlexi-ty of fisF;or. prchct recovery processes 
and/or alternate waste processing prceesses. 
engineering investigation of ths prczees ad fc8r groduc*,ion cf phct test quan%ities 
of product. 

The -g;lct glmt will be used for 

Tritium Processes 

Studies have been initiated and directe8 towards *rsrfLg the technology associated 
with tritium recovery. 

To date, experiments have been performed cn the dissclution of lithium-aluminum 
alloy by mercury as a means of liberating the contained gases. When the mercury 
was refluxed over the clad core, centers of corrcs-lon occurred spontaneously and 
the whole slug became attacked. This approach is tf prcmise since it offers the 
possibility of removing the lithium as a fbuftl, frcm which the mercury may be 
recovered for re-use by distillation. 

Efforts to separate hydrcgen isotopes have utilized th difference in their adsorptien 
characteristics with respect to palladium Zlack. Under isothermal cuoditions, the 



c-4 aW-59099 : 

equilibrium vapor pressure over the bed is cocsiderahly richer in the heavier isotopes. 
Several approaches to exploit t.his difference may be used: 
palladium may be gartially loaded wi*h the mixture to be separated and the chromato- 
gram then developed by the passage of hydrcger which event.ually displaces, in almost 
pure form, the heavy isotopes from the leading edge of the band; alternately, the 
chromatogram may be developed by heating the partidly loaded colm starting from 
the end first loaded, thus using the hydrogeL present in t.he original sample as 
the displacing medium. 

the bed (column) of 

Both of the above described methods (first exgerimentally verified by E. Glueckauf 
and G. P. Kott, Harwell, U.K.) have been examired using hycbogen-deuterium systems. 
The best enrichment so far obtained was by the self-displacement method. 
experiment a feed gas mixture consisting of H~ - 13 a/o ~2 was recovered as 88 a/o 
D2-H2 in high yield. 

Considerable difficulty has been encountered in tke trestmcrt cf the palladium black 
both with respect to its initial activation and the sub~equert, preservation of its 
adsorption capacity. 
ment of palladium supported on asbeetos or alumina. 

In this 

Some success has followed a cyclic cxidaticn-reduction treat- 

Analytical Services 

In response to questions about the use and aecwacy r,f the coulometric uranium 
analysis method on completely quadrivalent urafiiwi rc,sultir;g from hydrochloric aciO 
dissolution of Al-U alloy, comparativ., aaalyses sh?.r the fcllcwing: 

Ceric Sulfate C oulcme t r i c 
Sample Ti trat icn Ti :rat ion 

1 3.69 g u/1 3.65 g U/1 

2 2.11 2.05 

3 3.18 3.18 

Perchloric acid is necessary to oxidize completely ru+,,'=,eriium ir the analysis test 
well samples. To avcid hazards of that. acid, tests %*ere made of tbe substitution 
of periodic acid in the method. Periodic acid, however, grovel cot to have the 
needed oxidizing power for those samples. 

Nitrate Destruction 

Pilot plant investigation of nitrate destruction by fcrmaldehyde has been concluded 
with a few scouting experimecte to determine the effects of packed tower height, 
methanol concentration in the feed, and the applica3flity of the process to nitrate 
destruction in Darex effluents. 

Increasing the packed toyer height from 2-l/P tc 5 feet itcreased formaldehyde 
utilization by about 10 per cent. 
hyde Zrom l0'per cent (normal) to 20 per cent increased effctive formaldehyde 
utilization by another 5 per cent. 

Increasing the meT.hax1 ccntcnt of the formalde- 
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Batch operations on Darex effluents showed GO signiflcant difference from similar 
operations on synthetic Purex 1WW. 
could be reduced to near zero with an overall fclrmaldehyde utilization efficiency 
of about 1.8-1.9 mols nitrate per mol of formaldehyde. 

The free acid ir. solutions of either composition 

Based on these observations it is believed that. this prcleess can be used for any 
application where it is desirable to reduce nitric acid concentration. It is 
particularly attractive when it is also undesirable to neutralize excess acid 
with caustic. 

Fixation of Purex Waste 

Some additional experiments have been run to complete t.he previously.reported study 
of the effect of calcination and sclution variables on fission product volatiliza- 
tion and leaching. 
High Level Waste, Part I - Evaluation and Cal-baticn Volatility +d Leachability," 
by G. B. Barton, is being issued describhg this wcrk. 

A formal report, EW-57686, "Shdies for the Storage of Pupex 

Radiant Heat Spray Calcination 

The eight-inch by ten-foot radiant heat spray celsiner was put in operation during 
the month. 
was found to work well. The first run with simulated waste solution had to be 
terminated due to calcination of feed scjlution in the atcmizing nozzle, which was 
located within the column. 
outside the column with the end prokuding thrcwki a hcle in the center of the top 
flange. Subsequent operation has revealed leaks ir, the cff-gas system which mast 
be corrected. 

"he electrical resistance heating, the most novel feature of the design, 

This arrangenient has Leer: al5ered by placing the nozzle 

The three-inch column was modified to test introduction of the feed at the bottom 
rather than the top. 
residence time for the largest  drop^ rather thaz a rmnirmun time, as in the usual 
arranganent. Coalescence of the spray drops occx~ei, ad the larger fraction 
either coated the walls or fell back to the bcttcm of the apparatus. 
were discontinued. 
tional feed location) addition of suc~ose (for oelf-ig?iftion) and phosphate gave a 
product with a bulk density of 1.8 g/cc. 
of only 0.06 per cent. 

It was thought tkit, this arrar;gement would provide a maximum 

These studies 
In other experiments in the t.hrec-inch unit (but with conven- 

Analysis showed a residual nitrate content 

Argonne National Laboratories has agreed to perform sccutirzg calcination studies 
on synthetic Purex 1WW in a 6-inch fluid bed waEit5 calcflier. 
planned to provide further data to aid the desiw of gglot plant equipment and 
experiments for the proposed fluid bed unit at Harifcrd. 
expected to start in February. 

These studies are 

AKL experiments are 

NPR Waste Streams 

Study on the disposal of NPR wastes conticued. 
volumes and possible radioactive and chemical scostituenf6 was started. Although 
much of the data is speculative at this time, such E%UQ permits classification of 
the waste streams and assists in the evaluaticr cf propcsed dispcsal methods. 

A tabulation of the streams, possible 

c. . 



m-59099 ( 

300 Area Waste 

Preliminary consideration indicated that 300 Area laboratcry wastes now being 
trucked to the Redox Laboratory cri3 may be aeceFtablc for disposal in the Purex 
boiling tanks providing the salt content is Legligible. Sam~les are being taken 
to characterize these wastes more fully. If they prove acceptBble, thre exists 
the possibility of savings in transportation expenses aKd further savings through 
prolonging the life of the 216-SL crib. 
radiation exposure to the truck driver arid of reducticn in the activity (by about 
100 curies/month) of the material going 50 ground disposal facilities. 

Additional advantages would be reduced 

Observation Wells 

Since the cooling water discharge to the T-Plact swamp was discontinued in 1956 the 
ground water mound beneath that site has receded 25 feet. 
ent developed a strong nort,herly component a8 6. result, affecting the movement of 
ground water contaminants beneath the T-Plant. 
was detected as far north as well 699-Lg-79. 
detectable and radiologically innocuous. 

The ground water gradi- 

Radioact.ive material from that site 
The ccnceLtza2ioLs were barely 

High plutonium concentrations were foucd in mud Eamples from the ditch to which 
cooling water from the 234-5 Buildicg is discharged. 
samples revealed plutonium contamicaticn ranging UF to concentrations above 
1.0 uc/g along the entire length of the itch discharging istc the U-swamp. 
Plutonium concentrations as vest as 
edges of the swamp. 

A test was performed to determine the effeetivemes cr' hiif%-perforated conventional 
monitoring wells for measuring the concentrazioL of radicactive material in the 
ground water. 
and after they were reperforated with the shaped-charge perforator. 
intended to determine to what extent corroded and plugged perforations affected the 
concentration of radioactive material in samples frcm these wells. 
forating, samples were taken immediately after 2 days, after 5 days, and after 14 
days. In none of the wells was an immediate sf-ificmt consentration change de- 
tected, but a significant reduction in radioactive material conceotration took place 
in all of the wells over the period of several days covered by the test. The re- 
duction in concentration ranged from 60 per cent tc 98 psr cert in t.he three wells. 
It is believed that this test may indicate a monitcrinq pcblem in sme older wells 
as a result of inadequate contact between the wells and the adjacent ground water. 

Subsequent special mud 

were foud i~ mud samples from the 

Three monitoring wells iri the 2l6-BY crib area were sampled before 
The test was 

After reper- 

Disposal to Ground 

Laboratory results indicated that Srgo would app-. ear in detectable concentrations 
prior to Cs137 in wells monitoring the Purex ZL6-A-E4 tank farm condensate crib. 
Therefore, future abar;dGnment of this crib will have tc be baed on the appearance 
of SrgO in ground water or on extrapolated 1abwator;r data. 

Laboratory Etudy of resin column decontdmtior of Recuplex CAW waste with respect 
to plutonium was continued. 

- 
An additional colurrn +_est with Permutit. SK at 28 C 
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confirmed the rather poor plutonium removal previously obtained with the resin. 
Column tests with Amberlite IRA 401 resin were not coqlcted but equilibrium 
studies in which the plutonium uptake was de3edced after various contact times 
showed a great similarity between IRA 400 and LRA 401, 

Three additional soil column tests of Purex boilicg tank. condensate waste gave Sr 
breakthrough after 3.5, 4.8, and 4.2 columrz volumes. 
is considered to be in good agreement with the 4.5 column volwe estimate previously 
reported. 

The 4.2 column volume average 

Special Geological Studies 

The Bach Drilling Company completed the CA-794 drilling project with a total of 
4011 feet. Eleven wells were completed as planrid, +,e2 to basalt. The original 
estimated footage was 4000 feet,, the footage aver-mn was fhus about 0.3 per cent. 

A preliminary appraisal of the problems of detel-n;fniog the ptential of damage to 
undergro'und tanks by earthquake was coni2letP;d by Frank New, colisultant to CPD. 
These problems, unique in the field of seisnzclcK;, will require the collection of 
many data. In the field of geology this may requfre additimal regiccal geologic 
studies and perhaps supplemented by geophyslcal seismic studies. The data should 
be integrated with those from special instmentation arid precise level surveys. 

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOYE3?1- 

Neptunium Recovery 

Recovery of Neptunium in Purex 

Data obtained by Sidall and Dukes(') on the kinetics of +,he oxidstion of neptunium(V) 
to neptunium(V1) in the presence of nitrcus acid have been used to calculate nep- 
tunium operating diagrams in the Purex HA colm. 
limiting step in the oxidation process is a-yprcximately fourth order in hydrogen ion, 
zero order in nitrate and in nitrous acic? (fer LL~PGUE acid corzcentrations greater 
than about 5 x 10-5 M) and has a heat cf ac',ivasic,n of about 12 kcal/mole. 
also showed that the-controlling equilibrium car_ be represented by thP equatiori 

Np02+ + 3 H+ + - NO3- \ NTC!~ 2 + 'z 2 

These workers found that the rate 

They 

++ 4. 1 mo- la0 l 

7 2 2 

(1) Siddall, T. H., 
by Nitrous Acid 
at ACS Meeting, 

and Dukes, E e KO, "Kinetks of Gxlhtion of Neptunium(V ) 
in Aquecus Solutions of Nitric Acid," a paper presented 
San Fr8nci~c0, Califcmia, Aprfl, 1.958. 

>- 



and measured equilibrium constants of about 5 x at 50 C 
for this reaction. Thus excess nitrous acid is unfavcrable since it leads to re- 
duction of the extractable neptunium(V1) to the irextractable neptunium(V) according 
to the above equation. 

at 25 C and 6 x 

From these data, conditions most favorable for the recovery of neptunium in the EA 
column are: high acid, high nitrate, elevated temperature, tke minimum aqueous 
phase nitrous acid concentration (e.g., ca. 5 x 10-5 M) necessary to catalyze the 
oxidation reaction, and high retention ts for the a<ueous plzsse ir tb extraction 
sect ion. 

Maintenance of appropriate aqueous phase concentrations of nitrous acid throughout 
the extraction section is complicated by the fac% that nitrous acid is efficiently 
extracted by the organic phase. Thus, if nitrous acid is added to an appropriate 
concentration to the aqueous phase at a given pint il: the colm it will have for 
practical purposes "disappeared" from the aqueous pb.ase in a short section of column. 
For example, calculations indicate that presence of abmt 3 x 10-3 M nitrous acid 
in the aqueous feed (about the level normally present from radiolysTs in the feed) 
will result in only about one-third cf the exhaction section being effective in 
recovering neptunium but none the less can result. ilz recovery of abcut 95 per cent 
of the neptunium. "his presumably accounts fcr the silccessful recovery of neptun- 
ium in the Purex plant during the December run period when the neptunium inventory 
plateaued at a level corresponding to a loss of between five and six per cent to 
the BAW. During this run period nitrous acid was added t.o 0.01 to 0.02 M in the 
feed but probably reverted to the equilibriu level of aboat 0.003 M und.r radio- 
lysis (and, in fact, was found to be about 0.003 - M by cfiemLcal analysis). 

4 Neptunium recovery in the HA column car be improved by adding between 10' 
10-3 M HN02 to the organic feed (HAX). This introduces s-dfficiens nitrous acid 
into The aqueous phase at tk bottom of the extraetior section so that the entire 
extraction section is effective for recovering neptunium. However, under these 
conditions a near "pinch" exists for neptunium at the feed point aid close control 
of flow ratios is necessary. Near-quantitative recc-rery of neptuiium should be 
possible in the HA column by this agproach, however. 

and 

Results of miniature mixer-settler runs made to test the feasibility of recovering 
neptunium through addition of ni+,rous acid +a the HAX are shorn in the accompanying 
table. 
tion in runs in which early samples showed subctstial losses. P,us it is praba3le 
that actual steady-state losses would be considerably greater than shown here except 
in the two runs which yielded low losses. 

It should be noted that no attempt was made tc attain steady-state opera- 
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Temperature, OC 

25 

25 

25 

45 

45 

45 

NEPTLTNIUM RECOVERY IN HA MINI RUNS 

(Synthetic Feeds ) 

M HX02 in HAX 

Nil 0.001 25 

HAW Np Loss, $ - M €IN02 in BAF - 

Nil 

Nil 

0.01 

0.03 

8 

85 

0.001 0.00046 0.25 

0.001 

0.001 

0.0013 

0. c11 

1 

15 

Purification of Neptunium by Anion Exchange 

Experimental work in behalf of development of an asiori exchange flowsheet for 
accomplishing purification of the Purex plact neptunium product has been concluded 
and a sunrmary report is in preparation. 

The recommended flowsheet is essentially that which was used successfully by the 
h-ocess Chemistry Operation, CPD, for pwificaticn of the neptunium recovered in 
the Purex plant at the end of the December niri period. 
ing steps (with Dowex-1, X-4 50-100 mesh,reain). 

It consists of the follow- 

1. 

2. 

3. 

4. 

Loading of neptunium(IV) at ambient temperahre out of feed containing 6 M HNO3, 
ferrous sulfamate, and hydrazine to an average hading of - ca. 25 g Np/l resin 
bed. 

Washing at ambient temperature with 6 M HNO? containing ferrous sulfamate and 
hydrazine to remove plutonium. 
tamination factors of about 2000 with 15 column volumes and 6000 to 7000 with 
20 column volumes of wash. 

Laboraxory resdts indicate plutonium decon- 

Washing at 60 C with 8 M HNO , 0.01 M HF tc rmove fission products and UX1. 
Laboratory data indicatg a z ? rconiumzniobiun? deccntamination factor of 
ca. 70,000 and a UX1 decontamination fac5or of 500 to 1000 with 20 column 
volumes of wash. 
- 

Elution at ambient temperature with 0.35 M HEa03. 
advantageous since it enables the product-tc 'te recovered at a concentratioc 
of ca. 25 g Np/l. 
nepGium would enable significant additional UX1 decortamination to be 
obtained, also. 

Elution in fractions is 

Recycle of perhaps the first five per cent of the eluted 
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Work completed during the month demcnEtrat.ed the fessibi.llty of substituting the 
wre convmient reagent, hydrazine, fcr the sez;ic&rSazide wEch had teen used in 
earlier work and confirmed that Step 2 is indeed necessary if substartial plutonium 
decontamination must be obtained. 
while fission product decontamination is paor in Stap 2. 

Plutonium decoLtamiaation is poor in Step 3 

Target Elemen3 Preparation 

A casting procedure was developed for the preparation of neptunium-aluminum target 
material. The procedure makes we of a five-incf: O.D., io00 em3 capacity, bottom- 
pouring graphite crucible muted above a muLtipl~ rods removable bottcm, graphite 
mold of the same diameter. 
ductively within an evacuated, inverted six-inch diameter quartz envelope. When the 
mcld temperature has reached TOO C (and the melt a5out 850 C ), +,he casting is made e 

Excellent results were obtained usiag %his t.ock&iqus witk s%an,d-in aluminum - 10 w/o 
uranium alloy and a six place mold designed fcr 0.72 inch diaxeter by 4.3 inch long 
rods. With a five imh diameter mold at labs: ten dcuble le~g+,k scds could be c&st 
in a single pour, the equivalent cf PO Savama? River +,=&re+ ekm~t cores (about 
600 cm3 or 1800 grams of alloy). 

In use, ths crucitle and mid ascembly is heated in- 

Target-Core Temperatures 

Expected core temperatces for aluminum-negtuiium *,argeTc k-$re calculated by 
J. Muraoka of Reactor Engineering DeveIcp~ezt (?p:Pa?icEe Fc;. a ty-picsl Savannah 
River core, 0.72-inch in diameter, 4.3-icch long. chi in 0.070-inch thick alum- 
inum, containing 33 w/o neptunium and escsed +x 6. flu of 7.5 x 1013 n/sec,cm*, 
the expected core teEperature is 75 C greatsr tbr. tkat of tke ceoling water. 
these calculations a maximum specific heat gxeratdoaz cf 1.58 x lo4 BW,hr,ft was 
used. 
1000 BTU/(hr)(ft2)(F), and the thermal corductivlty cf alumir?ur. were assumed. 
calculation is alsc applicable to the NpQZ-Al ccs if it is ascumed that the thermal 
cocductivity is that of aluminum. If, Sowever. the the-mi ccnduetivity is only 
five per cent of that of aluminum, the expec+s: 'xre teapraxre irzcreases about 
110 to 185 C greater than the cooling water ternpra5w~. Work f~ behalf of this 
program has been discoLtiaued. 

For 

A water film coefficient of 2000 BTU/(h.r)(f?Z)(F), a corta2t eoeff1Sient of 
This 

Fis siori h-oduc t Recoveq 

Multicurie Cell Investigations 

Analytical results were obtained for tlle aeiC-sF2.F zicc ferrieysrrick cesium recovery 
m which was made in November. Cesium recovery (83 pes cers) is lower than desired 
and can be attributed to a higher than expected cesim ccneerTration. 
covery could dcubtless be improved bythe use of slightly mre precipitant. 

The most recent, batch of 1WW was filtered, acidified to 8 M HN03 (as received acidity 
was only 4.0 M), and passed through a= acicln exchange ccl-$& for negtuniun and plu- 
tonium recoveFy. 
filtration resulted in inmediate glugging of the unix exTkarige cclm and indicates 
that. feed clarific6t.io.p would k\s 7.5 7rc ired for +&= P zeli r1S.y- :;Trl ar.i=.r ?. _- 

Cesium re- 

An attempt to pass the saluticr, thrccgfs ttc eslurnn without prior 

1240904 
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Strontium Recovery 

Cold and tracer level experinents were carrmd out, to firm up the dual pH strontium 
recovery process and to determine the effects cf current high concentration of 
iron (0.5 M) and sulfate (0.75 M). Strcntium loss to %he iron precipitate was 
60 per cenz; however, this was Feduced to 27 asd 15 per cept by dilutqion with an 
equal volume and two volumes of water, respectively. Lcsses it other steps were 
nominal, about two per cent each in rare earz'r, sulfet.e removal, the high pH 
strontium precipitation, and the final nitric ai-icf prcduct isolation steps. The 
final strontium nitrate contained less ',ban 103 FPIL ta~iun; and very liL,tle other 
radioactive contamination. Full-level experiments vi11 %e required to es+&blish 
exact values. 

Zirconium-Niobium Recovery 

An informal document,, m-58370, "CompositicL of' Solils frcn Purex IW," by 
H. H. Van Tuyl, was prepared and sets fcrth c-urently available infornation on 
the zirconium-niobium bearirig solid whkh exists fr; Rcrex 1WW solution. 

A precipitate similar in appearance actd behwior tc the eoiid ir! Purex 1WW sclution 
was observed to form in synthetic 1WW solution. 
primarily of zirconium phosphate and barium sulfate. 
this precipitate (1L per cent) coupled wifh analyses on the plant material, imply 
that the precipitate in the plant 1WW is mcre VP~LZIU~ZO~E tLaz previously thought 
from visual observation aad that plant eamries WFZO prsba3ly non-representative. 

The sclid was found to consist 
The centrifuged volume of 

Characteristics of Annular Anicn Exchange CoLumn 

Experimental studies of the flow characteristics cf tie amlrlar fixed-bed anicn 
exchange column were concluded. The lat,telp studies insluded the use of sodium 
ion as a tracer to determine the channelrag and "hoi*?-back" characteristics of 
the bed in both the presence and absence cr' sulfamate generated gas. Analysis 
of the data collected is in progress. Pr~linimry cc~clunion~ indicate variations 
in flow in the four quadrants of t.k cclm by ~5 m:., as 50 g;r ceat at. effluent- 
to-feed concentration ratios of 0.20. No ei@firmt d9fferxee Xi the quadralzt 
channeling was noted in the presence CJ abser.sr sf gas. 

Fission Product Isolation and Packaaiciz Pro%c.tne 

The shop fabrication of the Fission Prcdwt. Isc;%+,;oa mirl Packaging Prototype is 
approximately 70 per cent complet,e. Mac cf" the, veicels requiring intervessel and 
service piping have been installed GL; %he Sass frwa located in the 321-A Building 
and assembly and piping work have begm. 25 elezrrsmechar~isal componentg are nc.t 
yet completely fabricated. 

"he initial flowsheets developed to reccvcr c~=illtni fra ~lmt waste streams were 
based upon the formtion of cesium zinc ferrocpcid.s frm a neutralized solutioo. 
Later studies showed that cesium could be reccversd BS cesfuzri zinc ferricyanide 
from an meutralized solution. Therefwe, cal0;irsticr; a'id hydzolyzis experiments 
were made to determine if any difference5 exis? ir, the react-ion ratas cf %be ferro 
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and ferricyanides. 
ferrocyanide were assmd to be characteristic of the ferrocyaiide while potassium 
ferricyanide was used as a stand-in for the ferricyanides. 
were reached. 

In these experiments, cesium zinc ferrccyanide and potassium 

'Ee following conclusions 

1. In calcination, the reaction rates of the ferro an3 ferrPcjanides are reasonably 
similar. The ferricyanides are slightly more reactive. 

2. In hydrolysis, the reaction rate of the ferricyanide is abmt twice that for 
the ferrocyanide. 

No adverse processing rates are expected if ferricyanides are used in the 
place of ferrocyanides. 

3. 

ANALYTICAL AND INSTRUMEWTAL CIIENISTRY 

Electroanalysis with the, Tungsten Oxide ElectroSe 

An informal report entitled, "Electroanalytical Studies of the Wgsten Hemipentoxide 
Electrodq" has been issued as document Htl-58406, givilrg the results of a limited 
study of this subject. 
have an unusually high oxygen overvoltage in acid, neutral and alkaline solutions. 
Since there are a number of Redox eystems now cutside the rang?? of plarography 
and coulometery because of the formation of oxygen at ?he c!.ec+xde, a high oxygen 
overvoltage has great potential usefulress, 
and of its polarographic and coulometeric behavior in Varicix media, was made. 
best preparation method for the W205 electrode seems to 58 keating tungsten in either 
air or oxygen for 30 minutes at 485 C. 

The tungsten hemipentoxide electrode has been reported'to 

A etudy cf EYE ta prepare the electrode, 
The 

A bronze c-clore? elsctrcde resulss. 

Polarographic oxidations and reductions were ttsted ili sCfurie acid solutions with 

Fe(II), Fe(III), Cr(III), Cr(VI), Mn(II], Mn(VII), KI03, IcelO3, KBr + Br2, KBrO3, 
NaI + 12, KIO4, Ce(III), and Ce(N). In additior?, t.he Fe(II)2-Pe(III) system was 
further studied in HC1 solutions and several coulcmerrin, CXiiatisTi and reduction 
titrations were tried. 
is generally not capable of performing cxidatfone. Mor. dectFoCe reactions are 
more or less irreversible at. the electrod9, an9 cxidaficri reactions are very slow. 
The only exception is the Fe(I1)-Fe(II1) system in EC1 which gives normal anodic 
and cathodic polarographic curves. 
over platinum in this system, and there is nc evidence ttst i+, rgn be applied 
successfully to coulometry at high posi%ive pctentials. 

The high oxygen overvcitage was cc.rZimeZ, but the electrode 

The W2O5 electrods appaz-5 5c have no advantages 

EQUrPMENT AND MATERIALS 

Pump Development 

A IIAPO designed metering pump employing an Archimedes Screv PAS been built, and 
testing has begun. 
head reservoir and delivers an accurately measured liquid increment from the 
reservoir and each rotation of the screw. Over a 10-fcid variaticn in rotation 
speeds, delivery rates are very reproducible. Prelininary tests indicate that 

Basically, the rotating Archimedes screw dips into a constant 
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screws can be designed to give excellent flow measurement and reproducibility 
(reproduced within f 0.5 per cent). 
tubes of three different diameters. have been tested with results as'indicated 
below: 

To investigate its use for various flow ranges, 

Tube Size Flow Range 

1/4-inch O.D. Tube o to 126 ml/mir 

3/16-inch O.D. Tube 0 to 54 ml/min 

1/16-inch O.D. Tube 0 cy0 4.3 nil/min 

Although models built to date have ken designed for small flows this type metering 
pump can be designed for larger service. 

A small Pogo-stick pump (pneumaticaily aetuar,ed) has been built and is being tested 
for possible use in the Purex Icn Exchange Syitem. The pump has been designed to 
fit a 2-inch diameter hole 4-feet long and tc deliver 2 gal/min against a 25-foot 
head. 

Titanium Fabrication 

Technical assistance was given to the Teckical Shops in the fabrication of a 
titanium tube heat, exchanger to be used ili t,h% Plutxium Conkectration System at 
Purex 

214-5 Powder Lock and Feeder 

A powder lock has been designed, built, arii ''CCI~~'~ tesred for use in 234-5 Operations. 
The lock permits transfer of powder from one zha~~ber tc another but permits very 
little gas leakage. Operation of the lock has ).em ZrauSLe-free when tested using 
lead oxide as a stand-in for plutoniun cxise CT ~ltlt~ium .=Lbicride. The "packing" 
and "bridging" characteristics of lead cxiiie are ccrciZera3ly worse than those for 
the plutonium compounds. 
with plutonium compounds. 

The test wit h~s keet giT:m "JC CPD for "hot" testing 

Corrosion of Continuous Calciner Loop Headers 

Samples taken from the loop header of one of the ,224-U BLSding continuous calciners 
were examined to determine the extent 3f ccrrosici since start-up cf the loop in 
October, 1956. 
amounts of nitric acid and sulfate salts. 
nature was evident; no preferential attack has ocewred. Based on normal wall 
thickness for the pipe concerned, a corrosion rate cf less than 0.5 al/mo was 
estimated. 

The header is exposed tc melten urauyl nitrate coritaining small 
Sam% general corrosion of intergranular 

PROCESS CONTROL DEVELOPMENT 

Assistance to Chenical Processing Department on Precess Control Instrumentation 

A linear polyethylene tube-type gamma-monitar celi is beisg tested on the Redox HCP 
stream. 

i 

The empty cell (background) reading was leas tbn 1 per cent of full cel& 

124Oc101 
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week of service. SubseqAertly, *he background began 
to rise slowly. 
hexone in the HCP stream. The evaluation of tubc type cells is continQing, with 
plans for testing a Teflon cell on the HCP when the backgrouLd of the polyethylene 
cell becomes intolerable. 

This my be due tc softening of the polyet'nylete by the residual 

Tests with the mock-up of the Redox lAFS dual Jet smpler are continuing. The first 
(lower) stage jet delivers sample at the rate of 400 ml per minute, while the second 
jet delivers approximately 100 ml per minute of gas-free samgle. The testing of 
this mock-up is to be concluded with collection of data concerning the amount of 
uranium that may be carried over i~ the vapor disctarge to the vessel vent system. 

1C Column Studies 

A system to monitor the average density c.f the colurrm conteats in the extraction 
cartridge has been desigred and tested. 
sure transducers installed in the cclumn immedlefely abcve ad below the cartridge. 
The two transducers are conriected in such a way as t.0 indic&te the solu$ion den- 
sity directly to fO.O1 g/cc. 
1.20 g/cc., and cat easily be changed to other- rariges. Pfiser induced pressure 
fluctuations from the lower transducer are filsered 3y Q resistance-capacitance 
type filter, analogous to an electrical RC filter. 

The system utilizes twc electrical pres- 

The imtrumerit cwrezitly has 8 range of 0.80 to 

Mametic Flowmet,er Tests 

The Fischer-Porter mgnetdc flowmeter which was uzeh tr. netiswe 100 per cent. UNfl 
'low rates has been tested for pceible use 39 Purex type organic solvents. In 
tests with a simula+,ed HAX stream no indicaticr of flow ms obsenred. It is re- 
ported that. oxygerated organic compounds such as acet.cne ca 5e Eetered by this 
technique. 
paraffin type hydrocarbcns have electzical conductivities too low to allow flow 
measurement by this technique. 

However, the preeexit wark demonstrates that TFP solutians of acidified 

NON-PRODUCTION FUELS REPROCESSING 

Mechanical Processing - 40 Ton Hydraulic Shear Stlilies 

High speed movies have been made to determine shear blade sgeeds and skesritig 
characteristics in the 40-ton unit. These studies have indicated that the 
7-1/2-inch shearing stroke is completed in 1/6 second. 
aFproximately 70-inch/second are obtained. TG crb-ia this tiade movement, hydraulic 
of1 flow rates of as high as 400 gal/min. are required. 

Peak blade velocities of 

Studies made with the shear equipped with a straight moving blade and a semicircular 
stationary blade have indicated that the shear forces reqLired are approximately 10 
per cent greater than the force required when both stationary and moving blades are 
straight. Although slightly greater shear forces are required, the straight- 
semicircular combination is considered the kest yet tested since the tube bundles 
are less disturbed (not fanned-out) during shearing. 
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Life testing has begun with the above-mentioced straight-semicircular blade combination 
using blades fabricated from 420 stainless steel. With shearing conditions adjusted 
to accelerate blade wear, minor blade wear was noted af%r approximately 2000 square 
inches of steel (and stainless steel) had been cut. At tht time the shearing force 
required had increased approximately LO pes cent. 

Feed Preparation 

Sulfex Process. 
h60 WIT and cooled nine months gererally confirmed previously reported results 
with somewhat "colder" material 

Recent sulfex process studies emplcying U02 irradiated to 2. 

Exposure of this material to boiling 4 M, Hs04 resLted in dissolution of the U02 
at a constant rate of 0.02 per ceLt per bur. 
ment indicated a rate of energy absorption cf s. 1.2 x 1017 ev/(n;l)(hr), about 
five-fold higher than with the colder matsrial aced ir ea-lier wrk. 
accelerated dissolution rate as cowred wit3 urirra9iased U02 incicates an apparent 
G value for the grocess of - ca. 76, based cr; &L es%im%ed surface area for the 
irradiated U02 

Further study ofthe inhibiting effect of dissclving ste&iLkss steel in reducing the 
rate of dissolution of the U02 showed that the accelerated U02 dissolution which 
occurs after the stainless steel is ccretu~e", is pzc'tablv d~e t.c reaction of Fe(II1) 
with the U02 a Fe( 111) was idecxLfieCi and fC.l:wed s~c~r~~~ho~am€trically in the 
solutior;. No Fe(II1) forms wkile 
present. 
over the irradiated U02 as over xirradiat5d UCz, 2qlylng that, %he bulk of the Fe(I1) 
oxidation occurred through simple chenLcsl osr_ida%:cn (e .g., b:r atmospheric oxygen) 
and that the rate ms not significaztlg accekrased by rtialadfoc. 

A ferxue sulfate dosimeter meajure- 

The observed 

su="fitien, hee: of solid sta-ess steel is 
With no solid stainless steel pzesez:',, Fe( 11:) formed at comparable rates 

Experiments with cold U02 showeC the rata cf diss2lutiGn tc 3e fairly well 
correlated by the simple eqression, 

Dissolution Rate of U02 (mg l.!/min,ca2) = i0 M I Pe(II1) 

It is of interest to note that this is the s.me rzla?,ionship found for the reaction 
of metallic uranium with solutions of Fe(II1) irz dilute slilfurie acid. 

Some previously reported experimedx have 3%- r5pS'Xd wit3 uranium metal wafers 
of mre accurately kown surface area. These io.ii;ate Cr& rate of diEEOlUtioL by 
boiling 4 M H@O4 to be ~8. 0.02 mg/(mfa)(c~~) vise 0.05 mg/(min)(cm2) previously 

aEd the rate of reduction of ur&ciun(VI) la sulfuric acid solution tG be ?riZ;e% moles/(hr)( cm2) vice 1.1 x 10-5 mcles/(hr](cm2) previously reported. 

Other experiments with cold uranium metal shcwed the =+;e of dissolution in boiling 
4 M HgO4 to be unaffected by the presence of disbclving stainless steel, in marked 
cogtrast to the behavior seen with U02. 

Darex. 
Darex pilot plant unit by the metered addition of 3 M - EC1, 4 

One hundred pounds of stairrlesa steel cl%d UO2 rods were dissolved in the - 
HNO3. The procedure 

12Q0909 
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used permitted an appr0ximat.e determiaatioa cf the heat of dissolution for stainless 
steel. 
figure calculated from The-modynamic data. 

The measured value of 2700 Bt.u/lb. agrees fairly well with the 2300 Btu/lb. 

Studies were made to determine the effect of s';sinlcse st.eo,l ccncentration cn chloride 
removal. 
below were subjected to: 
tion, continuous water addition, and d2lutior. Stsrtisg with a eclutioc 1.2 "E" 
stainless steel, 1.0 M UO ++, 2.7 M Cl', 5.1 M NO3' and 2.3 M H+, firal chloride 
concentration was 0.13 M fDF=21); gt.arting wiTh a soluS,icr: &y 0.12 I'M" stainless 
steel, 2.0 M UO~++, 2.3-~ cl-, 3.1 M ~03- a~id 1.0 ma3, final cbJcriZe concen- 
tration was? 0.0007 M (@ )32OO), i&ic&ting a liquid favorlng chloride-stainless 
steel complex. With-both solutions, the fir;sl free acid cclrcrntration was 0.3 to 
0.4 molar. 

Two solutions of the widely different stAinleso steel ccrmztrations shown 
concentratioa, conthucua 60 per cent ritric acid addi- 

Low carbon Hastelloy F, welded but unhnnealed, hae showti good reaistance to Darex 
solutions. 
in the pilot plant dissolver, corrosion rates cf h mils/m.nth solution and 2 mils/ 
month vapor were measured. 
granular attack. No preferential weld metal at*tsck -5 cbserved. 

After approximately 100 hours ewrure tc a variety of Darex conditions 

The corrosion was geLeral wi?h a slight amount of inter- 

lliflex. 
and experfmental work started. 
steel gave a termind stainless steel ccncer:raficn cf 12.7 grams/liter after 
four hours' operation with a 1M HNO3 - 1 M NEiEF2 soluticc. 
nitric acid was necessary before any furth& diescluticn wculd occur to approach 
the normal laboratory saturaticn of some 22 grans/liTe:* 
excellent. 

Installation of the Hastellcy F diszclver in 3U Building was completed 
The first Niflex diasclut3x cf 304-L stainless 

Addition of more 

Equipzent operation was 

Zirflex. Ammonia removal frcm the dissolver syszem in take Zirflex process has been 
one of the major difficulties in approaching II~~~~~IE'JD diesclution rates of Zircaloy. 
The boil-up rate, air rate, and refluxing ccEdensaC,e t.emperat.1zre a11 affect the 
rate removal of amnia. Air spargkq an3 water bc.il-off bave tee3 effective with 
cold condensate temperatures. By opertiting wish a hoz (85 C) condemate reflux, 
an air rate of 0.4 scfm/square fcot of Zircaloy surface &Ld a calculated boil-up 
rate of 11.7 pounds/(hour)( square foot) of Zircsloy, dissoluticr. of 1/16-inch 
thick oxidized sheets of Zircaloy was complete i~ 2.7 burs. This rate exceeded 
those obtainable with cold condensate aEd apprcwhed the best valuer obtained 
under laboratory conditions. 

h-ocessing of Uranium-Molybdenum AlloxL. 
uranium-3.0 w/o molybdenum alloy by nitric acid contaki atout 6 per cent of the 
uranium. Metathesis of these solids with sodium hydroxi& is readily accomplished 
with small (c0.l per cent) loss of uranium to the supermtant liquid. 
thesis residue is readily soluble in nitric acid. In mica1 run6 the combination 
of dissolver supernatant liquid and dissolved mettithesis residue contained about 
30 per cent of the molybdenum originally present irr the alloy. 

The sclids f"cm?$ ir; the dissolution of 

The meta- 

The solution at 
0.2 to 0.3 M free nitric acid and ca. 1. M iL uraaium can be =de 0.2 fi in 
dichromate &d boiled (plutonium ozdatizn step) witbut precipitatton of 
When plutonium( IV) is present during the dissolving of wanfun-molybdenum 

sodium 
solids. 
alloy 

1240910 
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in nitric acid, the sclids fcrmed ckrry abwt 80 per cent cf the plutonium. 
Metathesis of the solid with sodium hyd-clxl2.e cau De accomplished with negligible 
loss of plutonium to the metathesis superLat.an+ liquia. 

Attempts to prevent solids formtioc du--iLg nPtric acid dissolution of uranium- 
molybdenum alloy by the additioc of Versem (ETEA) havs uct been sxcessful when 
the terminal acidity was low (< 2 M) 
presence of Versene. Sucrose and Zutac acid appear to be mcre effective than 
Versene in preventing solids formation. However, low acid solutions completely 
stable to boiling have not been prcduced with eisher. 

Dissolution rates are redwed in t fie 

Further studies on the dissolution cf uraciuL-nclybderidz alloy fr nitric acid - 
aluminum nitrate - ammonium fluoride were =de. As stated previously, if the 
dissolution is made at boiling temperarue a +,ernh&1 acldity of abwt one mrlar 
can be achieved without appreciable sclids fcrmficn if urarilun concentratioc is 
no greater than 0.4 to 0.5 M, - the F/Mo mc2e mtio is fr$m 15 to 30 and the Al/F 
mle ratio is 0.5 or less. An Al/F mole ratic as hi& as one may L? used if the 
dissolution is made at 80 C (other eclzdfticrts tke E-) or when the dissolution is 
done st boiling if the terminal uaciun! cccceLtrat2cn 2s 0.25 or lfss. 

In all dissolution so far made with citric acid - fl-iccids - aluminum solutions, 
a small amount (ea. 
duced. This solid has not beec chsracterized ba? has ten shown spectrcscopically 
to contain Al, B, Cu, Fe, Mg, Mo, Si, Sn, U, ar,d Zr. W~T, plutoniurc(N) was present 
in the solutiori during ths dissolutim, ahuz 2.2 per cent of tte plutonium was 
carried on the brown solid. 

0.1 w/o of the initial Llcy weigbt) of a brown solid was pro- 

The sclfd is ecluX5 iL Lot 10 - M RNO3. 

Disengaging time studies simulatirg Red.x exwactim cnzEtions were made comparing 
the behavior of a standard Redox femi vrr_tkL fees sc'u*.icns priptired through nisric 
acid - fluoride dissolution of ur6~i~rn-nclySde~1m slhv. Nc serious departure from 
standard Redox feed behavior was observed if the u~h&ium-mclvbdenum feed prepara- 
tion was done in Teflon or staicless steel eqGipz=;t. StaSie emlsions were fond 
with feeds prepared in glass equipment due, FYXL?I~, 50 appreciable silica present. 
Batch extracticc and mini-mixer-settler studies inlicase t%c, plu*ariun caI; be 
satisfactorily extracted fron these fee5 ~~iuTA~o~~ witkout 8 high temperature plu- 
tonium oxidation steg. 
to prevent precipitation of what apgears %c CP a t,lut.orizw~ rcolybdar,e, but it is 
not necessary tc heat the soluticre. 
acidity favor plutonium extraction. 
would materially reduce corrosion ir: the Red?:< cdrlizar. 

Dichromate must. 'te added, as r;o*kd iri a previous repwt, 

AE exTected. iwz'e&'=mg Al/F mol2 ratio and 
Avciling t% hi@ teqcrature oxidatior, s5ep 

Solvent Extraction 

Semiworks Redox Processing of Non-Production Fuels Feeas 
Report - 
January 20, 1959, has been issued summarizing the ctlrrpzitly available results of 
the experimental work perform3 by ORNL in Octc.3er xi! Ncvember, 1958. OFUS1 has 
also agreed to perform a limited nunber of' aa.Yit2cnsl ''ccld'' experiments. 
work is in progress and will prcba3ly 3e ccn~l.e%ed in FeSm2-y. 

A repert, HW-58832, "Trip 
Special Redox Runs at OFUL," by UT. E. MenckI and K. J. Schceider, 

This 

% 
.I 

I 
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Process Control Development 

Combustible Gas Analyzer. 
f@r hydrogen-air mixtures ranging from 0 to 3.5 per cent hvdrcgen. 

The Davis combuetible ges analvzer has been calibrated 
This unit is 

now being installed for use in the prctctype Miflex Cissolver. 

Transient Pressure Measurements. 
produced when metallic sodium reacts with wat.er or nitrfc wid Lave been carried 

Initial teets to ccmpare the fransiest pressures 

- 
out. 
equal with nitric acid or water. 
nitric acid was a3out one-tenth of the tfme ;Ssemsd With water. 

Maximum pressures measured in the vapor pbme abcve the reac5mts were about 
However, the rise timts cf the Fressure wave with 

Boron Monitor. 
tration in the cold solution addition line to a Re&x diesclvcr. Plats call for 
the development an3 use of a neut.rcr absorptismtsr icr %ks dctecticn of boron fran 
0.1 to 2.0 grams per lit-er. A ccctroi circuit will be sapplied t.o stG$ further 
solution addition if the borcn coneenBration falls belcw a predetermined level. 
Successful developmecc and reliable demc9strhtiori cqf t.,F_is m-cifcr will permit 
approximately doubling the Redcx capacity for dissolurticz cf" ezrfched materials. 

Development has started on a conzicucur mc-nitcr for boron concen- 

Volumetric Calibration of a Process Vessel. A fcc line air purge dip tube system 
will be evaluated for Frecise measurcmezt cf liquic? level in a vessel. 
indicate that such 8 system will prcvide an accuracy cf 1 pr cezr or better. The 
read out of the system may be either manual with a p=cis;:R mncmeter or automatic 
with a precision pressure transducer. A manuzl mnemetc read cut should be satis- 
factory for the present applicaticn, aLd thi2 metkc9 wiil be used ic the pilot plant 
test 

Calculations 

Materials of Construction 

A small vessel fabricsted from oL;c-eight itch thick Ha%eLrg F (vacuum melted) 
was exposed to failure in boilirg 1 M €INC3 - 2 M EF. Sclutfsr was changed twice 
a week to avoid excessive accumulsti& of corrc&x prccfuctc. Heat, was supplied 
fromthe outside by a Glas-ccl mafitle. Failure c-,c-ur%.J aftar 1100 k01.r~ of opera- 
tion at which time a pin-hole developed thrccg!: a welZ in the bottom of the vessel. 
General corrosion of the base metai in the vessel arpcars to Lave been considerably 
less than that observed ir short term %es+,s with COUPCES under similar ccnditions. 
The vessel was fabricated from a piece of fcur-inct p!pe m3P, by 5er;ding and weld- 
ing a sheet of metal. 
quenched) before the bottom was welded ene The eLcire vessel was +hec solution 
annealed (2125 F - water queliched) befcre use. 
severe preferential weld =tal attack occurred C,E the battan we13 but little if 
any preferential attack occurred on the seam weld. 

The pipe was solutfcs m~ezled (om hor a: a00 F - Water 

It is iceresting t@ note that 

A program of preparing special welding rod alloys fcr welding Haatelloy F is under 

way. 
weld metal attack in the "as welded" coditior;. Two Erlloys similar to Hastelloy F, 
bcth without niobium and one with nine instead of six pr cent mlydenum have been 
prepared. 
are being corrosion tested under Niflex, Sulfex, and Zirflex conditions. 

The purpose is to find an alloy composition which will not suffer preferential 

Weldments of vacuum melted Hasttelloy F wi%h these Ucys as weld metal 
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Carpenter 20-Cb weldments with Carpent.er 20-Cb weld rr,d suffered preferential weld 
metal attack in Soiling dilute sulfuric acid. 
previously wheri Carpenter 20 was used as the wzidirg rcd. 

Similar results were observed 

Corrosion of 304-L Stainless Steel and Tibnfrun by Chloride-ContaininR Solutions 
Derived from Darex Feeds. 
sed A-55 titanium were exposed to boiling sohtims siailating Redox Gxidizer and 
waste concentrator conditions when processice Darex-derived feeds. Corrosion and 
tendency toward stress cracking in the stbiL63s steal were determioed as a function 
of the chloride content of the solutions. 
was 0.4 M while that in the waste conceLtrator sclutim WBS 0.0 E; chloride concen- 
trationsranged from 0 to 50 grams/liter in the fcmr and from 0 to 36 grams/liter 
in the latter. Samples were exposed for inservaI.5 of 24, 48, 72, and 96 hours; 
solutions were changed after each interval. 
ium were less than 0.1 mil/month. Oversll ccrrrsicn ra5es for 304-L were about 
30 mils/month except at the high chlcridr cczcentzatZons where the rates dropped 
significantly in both solutions. Metallographic evhlafion shows no evidence of 
stress cracking in these samples. 

Samples of stressed 304-L stainless steel and of unstres- 

Free a:ii content in the cxidizer solution 

AL1 corrcsi.cn raL,es observed fGr titan- 

REACTOR DEVELOPMENT - 4000 PROGRAM 

Pyrochemical Processes 

Uranium Behavior. Further studies cf the KC;:-El-Al sy35em at 625 C using zinc 
as a diluent have been undertaker tc det-erunc 1k.e 5fiac? of varyirg AlCl3/KC1 ratio 
on the extent of uranium reducticz. The &:a rez-exble tkLose obtained at 725 C in 
the absence of ziLc in that a maxmm iE tte :~iuctlcn yiPld is observed at an 
AlCl/KCl ratio of abcut 1.15. 
and the magnitude of the "equilibrium cozztaTit, " 

The zhape cf +-x zuve, hcvever, is somewhat different, 

is less by a factor of perhaps five. 
of experiments is the behavior of th~, zia: distri7:uticc which roughly parallels 
that of the uraaium, showing a maximum at +,he  me AlC13/KC1 ratio. 
tion of zinc between the two phases varied -cy a fhctjcs cf 30 ever the range of 
ratios studied. 

AE interesting o'zaervstion from this series 

The distribu- 

Americium Behavior. 
americium in the AlC13-KC1-I" systez at 725 Ce 
ing the equilibrium from both sides, americium was o5semed to behave similar to 
plutonium. A maximum in the distributior coefficierit, (cp{g setal), of 0.08 was 

observed at an AlCl/KCl ratio of a3out uni%y trailhg cff to values of 0.01 to 
0.02 on either side. 

Nine equfli3rsti~r~s wzre m5e tz des;.mir,e the distribution of 
Uziitg tracer americilun and approach- 

c m g salt 

Supportinp; Studies. 
molaJ.) at 800 and 840 C disclosed a strong transmissfca peak at, abaiit 725 ngr wi3h 
evidence of a banded structure at shorzer vave lczgxhz (550, 430, and 370 rg.~). 

Preliminary examimticri c.f tte s~cr,mm cf UCl3 in KCl(O.01 

http://corrcsi.cn
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This spectrum is not typical of the spectra of f'used eslts reported in the literature 
which normally consist of opaque and transparent regiom connected by steep transi- 
tions. 
emission by uranium( 111). 

It is believed that the transmission peak noted above is actually due to 

PRTR Fuels Processing 

The great similarity of the proposed PRTR fuels and fuels which will be discharged 
from other power and propulsion reactors results in much of the experimental work 
already covered in this report under Non-Production Fuels Reprocessing being speci- 
fically applicable also to the PR!FR interim prccessing propm. This is particu- 
larly true on such work as mechanical processisg, feed preparation, and materials 
of construction. 

Plutonium Oxalate Filter 

During the month satisfactory operating techniques have been developed for the 
oxalate disk filter bang tested for possible 234-5 application. Efficiency tests 
have been conducted on 10 filter media and they iridicate that 6 of the media test- 
ed are considered sufficiently efficient (greater than 99.5 per cent of slurry 
initially retained) to warrant additional testing. 
preliminary efficiency testing include: 

Filter media passing the 

1. An aluminum oxide disc. 

2. A sintered stainless steel wire mesh. 

3. Two Dynel cloths of different weaves. 

4. A Dynel felt. 

5. A Polyethylene cloth. 

On the basis of these encouraging initial studies a feasibility document is being 
prepared to assist 234-5 personnel in selecting the filter system to be used in 
the "Hot Button" Prototype. 

PRTR Effluents 

The plans for a 200 foot stack in the PRTR design proqted a recommendation to 
incorporate a stack sampler for particulates and gases is the exhaust air. 
was designed which will provide adequately for sampling dcing anticipated release 
of contanination in the exhaust air. 

Analytical and Instrumental Chemistry 

A probe 

X-Ray Photometry. 
of PRTR fuel cores was demonstrated. 
75 PKV X-rays, a relative precision of less than 0.2 per cent was found for 0.5- 
inch diameter aluminum - 1.8 w/o plutonium rods. 

Application of X-ray photometry to the non-destructive analysis 
Using a 1/16-inch x 1/2-inch aperture and 
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Application of this method to 0.5-inch diameter rGds of plutonium impregnated 
graphite showed an absorption of 75 PKV X-ray equivalent %o 5.93 mils of aluminum 
for each milligram of plutonium per cubic centimeter. 
mated to be no greater than 0.3 mg Pu/cm3 or 0.5 per cent relative on a typical 
piece containing 55 mg ~u/cm3. 

The maximum error was esti- 

Analytical Services. U02, arc-fused between carbori and wolfram electrodes, was 
analyzed for electrode contamination. Carboc was determined within f 50 ppm at 
95 per cent confidence level by igniting in oxygen and absorbing evolved carbon 
dioxide on ascarite. Sensitivity for wolfram was 10 ppm - not lower because of 
dissolution uncertainties. 
wolfram metal. 

Potassium hydroxide fus.iori demnatreted absence of 

BIOLOGY AND MEDICIME - 6000 PROGRAM 

Radionuclides in Reactor Cooling Water 

Surface area measurements by gas adsorption techniques showed ti reduction in surface 
area along the path of flow in the alumilium turniLgs used in stcdies of the removal 
of radioisotopes from reactor effluent water. 
the column was found to be an exponential function of t.he surface area of the 
turnings in the segment. This information is supporticg evidence that greater 
removal is possible by This system than has yet been observed ic the la3oratory 
tests 

Reactor effluent radioisotope ratio measwements of Zn69:Zn69m and zn65:Zn6* gave 
values between 7 and 85 hours a& the average residence time in the reactor tube of 
the parent materid. from the time of enterin uti1 tl;e activated products are 
released. Other isot.cpe ratics kcluding Zrb5 :zr97, Sb122:Sb124, Ce141:CelL3, 
and HF175 :Hf180: Hfl8l are being measured to grsvide fctter information regarding 
residence times of these various chemical e2ener;ts ir: 3e reactor. Such measure- 
ments will aid in elucidating t,he processes responsible for radioisotope formation 
in reactor cooling water. 

Tne amouct removed by a segment of 

Geology and Hydrclogy 

Silt and clay deposits, evidently correlata3le tc ‘uke Palouse eolian deposits 
beneath 200 West Area, were noted at depth. cf 6,kc.u~ 103 feet in wells flacking 
the Cold Creek anticline. These materials fhirt,Z?z define the land surface exist- 
ing prior to erosion and subsequent deposit,fGr of tke fluviatile gravels and 
Touchet sediments. 
additionally that othr uneraded areas zigki-t  fill exist. In 200 West Area this 
stratum effectively disperses and decontamirates wastes dischsrged tc the ground 
above it. 

An originally wide exteLt of tk dewsit is suggested and 

Saturated samples of Touchet scil were subdected tc ceL%rifugal forces of 50) 100, 
150, aad 200 gravities for periods of up to 2 hours. The sscific retention data 
obtained with these tests are in mch better agreement wher& fitted to Terzaghi’s 
gravity drainage equation thaL were similar data obtained a7 higher centrifugal 
forces. 
affected by evaporation, as indicated by mwksd deps?rt.-xe from the extrapolation 
of results from shorter runs. 

The results of two-hour centrifuge tests appskr to he considera3ly 

1240915 
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Development of a suitable large-scale model for studying the movement of liquids 
beneath a crib was continued. 
for measuring meisture content at points acrose the model. 
resistance probes showed some promise but a search fcr more satisfactory methods 
will continue. 

A major problem is the development of an instrument 
Tests of electrical 

Soil Chemistry and Geochemistry 

Laboratory tests were performed to study the remva.1 cf strontium ad rare earths 
from acidic sodium fluoride solutions by phosphorite rock. 
is incorporated in the fluorite (CaF2) that results from this reactior;. 
may have application for decontaminating acidic wastes. 
not available but the preliminary results are not encouraging. 
a column of gypsum also gave discouraging result&. 

Good removal of Cs137 from acidic sclution WEE accomplished by the addition of sodium 
tetraphenylboron and passage of the solutiors through a bed of struvite (MgN4JQ4) or 
of potassium metaphosphate (KP03). This results iL tke formation of ammonium or 
potassium tetraphenylboron with cesium replacing the amcoium or potassium ion. 
The reaction proceeds satisfactorily from pH 1 to 9 &nd in the presence of mlar 
concentrations of sodium, strontium, or aluminum. The resulting compouods float 
and are insoluble in aqueous solutions but can be dissolved in acetone. 

The dissolved material 

Final analytical data are 
The reaction 

A similar test with 

A standard, homsgeneous soil for laboratory scil chemietq work was prepared by 
coxpositing and wet screeuing samples takenduricg the construction of five test 
wells from depths ranging from 40 to 240 feet. 
saturated carbonate, carbonate-free, and calcim-satuzated, carbonate-free soils 
were prepared by chemical treatment cf aliquots of the cornposited soil slurry. 
These soils will permit study of the influence of carbonate minerals on the removal. 
of isotopes from waste solutioas. 
each of the four types of prepared soil; the meamzed values ranged from 10.4 to 
13.0 meq/lOOg. 
resulting from partial destruction of exchange material during the prclonged acid 
leaching required. 

Untreated carbonate, calcium- 

Cation exchange capacities were measured for 

The lower values were detemined fcr carbsmte-free soils, probably 

Ground Waste Investigations 

Laboratory development work continued in an atteqt ta devise a technique for 
performing soil column adsorption experiments under conditions of *ansaturated flow. 
To date no satisfactory method has been fcund. 

Tests were made to measure the influence of strontium ion concentration on radio- 
strontium breakthrough curves. It was previously assumed tht in the concentration 
range used in these tests (less than 1.0 ppm) the effect of strontium concentration 
variation would be negligible. Soil columns were pull with solutiocs containing 
1,000 ppm Mg ion and 1 ppm, 0.1 ppm and 0.002 ppm (tracer level) strontium. Break- 
through was found at 5.4, 7.3, and 7.7 column vclmes, respectively. This degree 
Gf effect in the presence of 1,000 ppm Mg iEs mcre than c8c be explained by simple 
mass action and euggests the presence of some specific scrption sites for Sr. 
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Field Apparatus Development 

A field test of the closed circuit TV camera was attempted; however, a break-in the 
cable sheath allowed water to enter the camera and instrument failure resulted. 
The camera was repaired and waterproofed by using resin "potting" techniques. 

A conductivity detection matrix was devised and assembled to follow the movement 
of dense electrolyte solutions in sand box mGdelij. 

The seismic refraction equipment is being modified t.0 improve stability in order 
to cope with the extreme temperature variations encountered in field cjperations. 

Particle Studies 

Microscopic sizing techniques were used to charast,erize the particle size of "cold" 
uranium abrasive wheel cuttings which pass through two-stage glass wool filters. 
The maximum particle size of the material not retainsd by the filters was 22 
microns and 48 per cent by number was less tha~ o~e micror,. 
99.9 per cent of this material was greater tb~ SUF; IULCPC~I and less than 22 microns 
in diameter. 

On a weight basis, 

Analytical Development 

X-Rq-gamma ray coincidence counting tect;niqws wez@ successfully used to standardize 
solutions of K capture radioisotopes. 
an accuracy estimated to be within one to two per cent. 
to proper evaluation of exposure measuremenss made fcr the Radiation Protection 
Operation. 

CrSl and Zn activities were determined to 
These standards are essential 

Assistance was given to IPD, Equipment Development Operation, in formulating the 
tentative specifications for the development of a silver halide type ruture monitor. 

En,ane.ger, 
ChemfcaL Research & Development 

LP Bupp:WOS:bp 
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BIOLOGY OPERATION 

A. ORGANIZATION AND PERSONhZL 

No significant changes occurred during the month. 

B. TECHhTCAL ACTIVITIES 

FISSIONABLE MATmIALS - 2000 PROGRAM 

BIOLOGICAL MONITORING 

W-S 9099 

Atmospheric Contamination 

Concentrations of 1131 in thyroid &ands of Jack rabbits from the Prosser 
barricade were twice and from other stations about equal to values of 
one year ago. Values were as follow: 

pc/g wet thyroid Trend 
Collection Site Aver age Maxim factor 

Prosser Barricade 
4 Niles SW of Redox 
Wahluke Slope . 

2 10-3 
1 x lo-? 
9 10-4 

Fission products occurred in rabbits in the following ammnts: 

Sample Type 

Feces 

Bone 
Liver 
Muscle 

pc/g wet material 
Average 

1 10-4 
5 x 10-5 
1 x 10-5 
8 x 10-6 

+2 
-2 
- 

Trad 
Factor - 

- 
- 

-2 
-2 

Columbia River Contamination 

Contamination levels of beta emitters in river organisms collected within 
and downstream from the Hanford Reservation were about twice those of one 
year ago for fish and comparab1e.b one year ago for waterfowl. 
were aa follow: 

Values 

~c/g wet wt. Trend 
Sample Typ Location Average Maximum Factor 

Minnows (entire) Hanford 2 x lo-? 3 10-3 -2 
- Whitefish flesh- Ringold 9 x 104 1 10-3 

Diving duck flesh Hanford Reservation 3 x 10-3 5 10-3 
River duck flesh Hanford Reservation 1 x 1 10-3 

UNCL RSS IFIED 
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Effect of Reactor Effluent on Aquatic Organisms 

Monitoring of effluent from the 100-KE reactor continues not according to plan 
because of mechanical difficulties with the pump which supplies the effluent 
saqple to our laboratory. 
at the 2.5 per cent strength) continues greater than in the control. 

Tne mortality of all lots held in dilute effluent (even 

BIOLOGY AIiD MEDICIlX - 6000 PROGRAM 

NXTDOLISN, TOXICITY, ANI) TFddSFER OF RADIOACTIVE MATERIALS 

Strontium 

The resllts from the 20C-ciay animals of tine retention experiment, ana from the 
lb6-day animals of the chronic study with weanling rats, agree well with earlier 
data & continue to follow established trends. 
chronic study have been sacrificed, but samples are waiting equilibrium prior to 
radioactivity me asuremen ts . 
The gastrointestinal absorption of SrP0 orally administered to mature swhe 
essentially ceased within 10 hours after administration, with less than 
10 per cent having been absorbed. 
maximum within an hour after aministration. 

The 200-day animals of the 

Blood levels approached 50 per cent of 

The exponents of the p er finctions for the rate of urinary excretion of 
orally administered Srg in swine four months and two and one-half years old 
were found to be equal, although the percentage of retention by the four-month- 
old swine was more i%an four times that of the mature swine. 

The third of a group of three miniature pigs intravenously injected with 24 Mc 
of Sr%9O died this month, 102 days after adninistration. 
generalized infection, to be expected from its lack of granulocytes. 

A second cropping has been completed on soil previously contaminated with 
Sr9O in both soluble ana insoluble forms, 
no different from the first with the soluble forms of strontium (the nitrate 
and chloride) absorbed approximztely 10-fold more readily than insoluble forms 

(c03, soh, HPO4, F2, ~$4, and  OH)^), 
Cinebar soil and this same general ciifference was also observed with Qhrata 
and Millville soils except that in these soils SrC03 and sr3(PO4)2 were much 

less available than were the other insoluble compounds. It is quite surprising 
that a soil with the lar e exchange capacity of Cinebar soil does not with time 

forces by which the soil particles bind the strontium must be relatively slight. 
Otherwise the equilibrium of ions in solution should be in favor of movement of 
the Sr90 from the low concentration insoluble Sr9O precipitates over to the 
much greater exchange complex of the soil. 

Iodine 

It showed a 

The second cropping is essentially 

This aifference persisted in the acidic 

show movement of the Sr9 8 ion over to the soil complex. It appears that the 

12 

The Cfil (ratio of radioiodine in the thyroid to the quantity fed daily) of 
sheep increased Slightly, a probable manifestation of cola weather. 
exception was the group fed 1,5pc/day which shows some evidence of thyroid 
damage. 
no positive statement can be made on the E/u's in swine.) 

The only 

(Due to electronic difficulties with the swine scintillation detector, 

UNCLASSIFIED 
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Cesium 

J., -3 

Bean plants cultured in nutrient solution containing from 0.05 to 30 meq. 
K/l were tested for their Cs137 coritent after 12 da3-s' growbh in t?e test 
solutions. Cs137 was Fresent in all nutrient solutions Curing the growth 
perioci ana potassium was aauea as the nitrate with total nitrogen baianced 
by adciition of Xd4:.O3. 
from 0.20 pc/g in the Fresence of 30 me?. Fotassium to 0.26 in tine presence 
of C.05 mea. potasshm. Tnis Lifference of ~06 was not significvlt in the light 
of the st,x,card errors (+ 0.CE). A son-ewhat greater cifferer-ce was observed 
in cesium coritent of stezs xitn concentrations of 0.9 and 0.2~~ Cs137/g dq7 
tissue, respectively, in the :iic2est axi loxest potassium concentrztions . 
both stems ancl laves tine values between the extremes are ir&termeuiate ana 
consistent with tqe possibility of 2, verj slight effect of potassium on 
cesium concentration. At t?e lo$;est potassium concentration , tnere was 
zyproximately a 25';; rerhction in cry weight of leaves. 

The Rean concentration of cesium ic leaf tissue varied 

In 

Plutonium 

*erirnents xere completed stuci;-ing the therapeutic effect of intra-eritoneally 
akinisterea IIT?A at dose levels rar@xg from G.005 to 1.5 mPi/kg. ?ne lowest 
Lose level was effective in recicc-ing liver de;,osition to azproximately 50;. of 
the controls 'out had no sknificmt efzect on the skeletal deposition. A 
ciose of C.15 1..2.i/kg recucec; skeletal ueyosition to less than 20:; of controls, 
aci liver cierosltion to less than 10;. of tne ccntrols. 2i&er o.ose levels 
prociuced only s1i:;htly increased tnerareutic effect. Repeated treatment with 
a Cose of 1.5 nit/kg at 1, 5 %y1; 21 h3urs following plutonium injection was 
not suy:erior to a sinzle aose at1 ncur. A close of 6.0 dbJKg au-kiistered 
htrsgastricalIj with calcium gluc:,nate re&ced skelcta.1 de;.osition to 24% 
of the ccntrols am liver cie?osition to 18:j 02 the cmtrols. 
roufhly eqc.iv2Lent to the effect Froduced b2- 0.05 i,i/kg achinistered intra- 
Feritmeally, suggesting that thz absorption of 3TPd may be of the order 

his was 

of 1s. 

Smclusions nacie on data obtained from miniature swine injected over two 
;-ears ago with Pu239-IV citrate or pitrate intravenously (IV), intra- 
trachedly (IT) an:. htragastrkally (13) zre as follow: 

1. The Fercentages of the adninisterea aose retained 15 to 1& xonths after 
plutonim adrinistratim W~S 70 per cent for IV, 0.01 per cent for IT 
and 0.0008 per cent for IG acnkistration, 
aclrinistered Lose retained following I; ana IT auhistration re-- resent 
aoout a 20 to 30 per cent cecrease. (Tiiis may be partially explakea 
by the conparatively low liver retention s3on after auministration 02- 
the intravenous route coriFxed with the other two routes.) 

The rate of urinaq excretion of ~~239 following IV adriir,istration in 
the period from one cay to 6CO uays can be aescribed by a two-power 

function, .tne break being observed betxceen 10 am 30 Gays, as other 

I'hese percentages of tie 

2. 

workers have founa. 
12Q0923 



3. The ammnts of Fu239 excreted in the feces and urine during the first 
40 Gays following IV acmiriistration were similar. 
anount in feces was less tnan that in urine. 

After that time, the 

4. The urinary excretion rates following IT injection increased during the 
first ten uays ana then paralelled that following IG administration. 

Following IT aaministration almost all of the Pu239 administered was 
excreted via the feces. 

5. 

Raaioactive Particles 

Gross examination of mice for pathology after exposure to Ru 

Pu23902 aerosols is continuing. 
exposure to pU23902 retained tvo per cent of the Pu239 deposited. 

Three sheep were exposed to 1131 vapor and three to AgI1jl aerosol. 
both materials the 1131 content of the thyroid attained a maximum value 
at 20 to 30 hours after exposurel, 
da S. 

sofuble in water-and 34 per cent soluble in Ringer's solution at 37 C. 

106, 
2 ana 

Lungs of mice killed 70 weeks after 

For 

Tie biological half-life was about five 
Tests on "insoluble11 &I131 Farticles s:brow them t0 be two per cent 

ikstro int es tind Eaciiat ion In jum 

~n a new experiment, 50 rats are receiving 1.00 pc of ~YO/aay, 50 are receiving 
SOOpc/day, 2nd 50 are being exposed to the same external beta radiation dose 
as the other two groups and will serve as controls for these studies. 
experiment is in the second week of an eight-week exposure period. 
purpose is to deternine the aging effects of repeated. intestinal irradiation. 
Longevity and pathologic canage are to be Kne principal criteria of effects. 

T3is 
Its 

Studies are contincing on the basic mechanism involved in the actions of 
the DXase enzymes in the intestine. These include the effect of pH, time 
ana intrinsic inhibitors. 
is held in check by an ishibitor thought to be protein in nature. 
in'nibition of activity decreases on being stored. 
on this inhibitor is currently being studied, 
to the sensitivity of the gut to radiation. 

Ihmally tie intestine is rich in Blase I which 

The effect of radiation 
The 

The results may be related 

Microbiological Stu dies 

Yeast strains, which by virtue of their low catalase content are unusually 
sensitive to radiation were not protected from X-ray damage by addition of 
catalase to the suspending medium during irradiation. 
with those previously reported indicate that raiiation protection to the cell 
derives from catalase within the membrane but not from catalase exterior to 
the cell. Thus indirect damage as measured here does net seem to originate 
exterior to the cell. 

These results coupled 

Manager 
BIOLOGY OPEEATIOIJ 
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U. Lectures 

a. Papzrs presented at metings 

Leviston, Icaho , 1/17/59 
H.C. Penaleton, It2allout in Ferspective," Iclaho Atate Eaciological Society, 

b. Off-site 3em nars 

L. .). Terr.ple, "iisuktion D:ology at danford," iviarine krps P-eserve, 
Pasco, ..ashington, Jcnuary l-4, 1?59 

IL. 7. Zoster, "FLesezrch ana uevelopr-ent Frograms Associate& with uisposal 
or" iaiioactive Licxic ,iastes. D. Low ma hterxeaiate Level i;este. 
1. 
Cormittee on Atonic &nergy, -.,_.s-:ington, D.G., Jmuary 24, 1559. 

surface biater>iays," SFecid aucoxnittee on Eaiiation of the Joint 

AFSWF Lectures: FF' Hungate, %etabolism of radioisotopes in plants1', 1/12/5 

RC TnOmpson, "iietabolism of radioactive isotopes in 

Fp Xungate, V,ffects of radiation on genetic systems: 
. Chromosomes," 1/26/55'. 

J . J . Javis, ltRadioecology, It 1/26/59 

. animals, 'I 1/12/59 

E . pum cx 101; s 

a. HW Publications 

Willard, D.H. and W.J. Bair, "Behavior of 1131 following its inhalation 3 

Willard, UJ., k.J. Bair, ana LA. Tmple, "Techniques for exposure of 

a vapor and as a particle,I1 ibcunent 5d-58221 (1956) (EXLASSIFJZD). 

mice to aerosols of raaioactive particles," Uocument mi-52368 (1958) (UNC 

.- 

b. Oren literame - None 
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OPERATIONS RESEARCH AND SYNTRESIS OPERATION 
MONTHLY REPORT 

January, 1959 

ORGANIZATION AND PERSONNEL 

There were no changes in personnel during January. 

OPERA’ITONS RESEARCH ACTIVITIES 

Input Output Simulation Model 

Work with Procedures and Computing personnel on the programming of computational 
procedures and the processing of the first set of plant data was continued. 
addition, a series of lectures are being presented to interested plant personnel 
on the use of this general method as a tool in the investigation of causal inter- 
relationships. 

In 

Business Descriptions 

Work continued on the effort to develtjp 8 scientific description of a business. 
In particular, efforts have been directed toward trying to separate those numbers 
used in the control of a business which represent experimental fact from those 
which are theoretical interpretations based on assumptions concerning the be- 
havior of the enterprise. 

OPERATIONS ANALYSIS STUDIES 

NPR Spare Part Procurement 

Work on a model for guiding the procurement of spare parts for the NPR was com- 
pleted during the month and a report issued. 
presented will be provided as required. 

Assistance in utilizing the method 

CPD Control Study 

A final report on this study was issued during January (W-58749, 1-5-59). 

2 Plant Informstion Study 

Due to the availability of Automatic Production Recording equipment belonging 
to the Research andEngineeringqEr8tdon of CPD, effort during the month was 
directed toward the testing and implementation of previous analytical develop- 
ments using this equipment. A detailed test program involving one segment of 
the 2 plant production process is being prepared and incorporated into a pro- 
posal for review by production personnnel. If this test is approved, it will 
provide much valuable information concerning the practical problems involved 
in implementing the control principles previously developed. 
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FPD Process Control and Experinentstion 

Statistical consultation WELS provided in connection with an experiment to 
locate the optimum combination of preheat and submerge times in the canning 
cycle. Since several charscteristics will be measured for the fuel elements 
prepared dfiring this experiment, analysis will require a definition of fuel 
eleaent quality as a whole anless the qwLity nessurements under consider- 
ation all reach their respective optina at approximately the 6311;e combi- 
nation of preheat and ssbmerge times. 

Data fro= two experiments concerned primsrily with t.he porosity of fQel 
elements were analyzed. The first concerned the effect of the hydrogen 
contect of the salt bath, an? the second the effect of the nethcd of quench- 
ing. Additions1 analysis of dimensional changes during the second test led 
to mexpected results, and plane have been -de fnr further substantiating 
experinentation. 

In connection with the acceptance sampling of uranium cores, evtensive analysis 
relating reactivity of the cores to such variables as inpurity 
density, geometry, and rod positicn has been ccmpleted. Also sonic orientation 
resonsnce tester measurements on a shipment of dingot material were analyzed 
to obtain a statistical description of ingot differences and a comparison with 
previous shipments. 

content, weight, 

Evaluation of Fuel Element Ferfomnce 

In connection with preparsticns for the Quslity Certification Progrsm, variables 
measurements were performed on selected ssmples representing three d~ys pro- 
duction. 
would be required for each of the measurements under consideration. The sample 
size requirements were computed fro= a process ccntrol standpoint, since infor- 
mation adequate from this standpoint would also be adequate frsm a qudity 
certification standpoint. 

The primary purpcse of this wcrk was to determine what sample sizes 

A report was issled on the develDpment of a q;lality index which apprappristely 
combines the different measured charscterist.ics of a fuel eleaent.. Ttlc index 
derived frcm a questionnnaire circulated to knowiedgeaklz individud.5 th-ough- 
out the plant was preaented. 

Analysis of Fuel Elerrent Failure Data 

In connecticn with the prediction 3f ruptwe rates for uniform cmrosion 
ruptures, attenticn is being given to the variation of the reactor variables 
associated with a given fuel element around the nominal or maximum value. 
view of the strong dependence of corrosion on these operating variables, the 
extent of these deviations from the average or mimum become6 an important 
consideratlon in predicting corrosion. A formula was derived expressing 
corrosion rate as a function of maximum power taking into account this varia- 
bility, snd work in this area is continuing. 

In 
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Radiation Protection Precision and Accuracy Study 

Work has started on the scoping phase of a study to evaluate the precision and 
accuracy of current whole body exposure estimates. 
of the study is a detailed flow chart of the data generation mechanism used 
to obtain exposure estimates with an indication of those areas where further 
study of the precision and accuracy is needed. 
is being placed on cstaining a better understanding of the many vsria3les 
associated with film processing. 

The goal at this stage 

At the present time, emphasis 

S"ISTICfi AND MATHEMATICAL ACTIVITIES WITHIN HLO 

2000 Program - Separations 

A statistical analysis of Zircaloy-2 high temperature rupture data was com- 
pleted for the Fuels Development Operation. 
utilized to investigate the dependence of rupture time on temperature and 
transverse and longitudinal stress for annealed and cold-work material. 

Correlation techniques were 

Discussions were held with Physical Metallurgy Operation concerning further 
analysis of data from an experiment to investigate uranium hardness as a 
function of irradiation time' and certain annealing variables. The original 
analysis suggested that further experiments could profitably be done to fill 
out the experimental design so that more sophisticated statistical techniques 
could be used to investigate the functional dependencies. 
additional experimental runs are now being analyzed. 

Data from these 

At the request of a member of Chemical Engineering Development Operation, a 
mathematical model for the kinematic behavior of isotopic gases in a ClusiUs- 
Dickel Thermal Diffusion Separation column was developed. The theory for 
binary mixtures has long been well known, but that for ternary and higher 
order mixtures is considerably rnore complex. 

4000 Program - Swellinp; Studies 

Further discussions were held with Fuels Development Operation concerning 
methods of estimating the distribution of diameters and centers of gas babbles 
in irradiated uranium. 
rate by which gas escapes from a molten irradiated uranium sample and rises 
through a known depth of unirradiated molten uranium depends upon the know- 
ledge of the relationship between rising time and bubble radius. 
efforts are directed toward solving a non-linear differential equation which 
expresses the functional dependency of bubble rising velocity cn the parame- 
ters of the eystem. 

Utilization of the method based upon measuring the 

Current 

6000 Program - Biology 

A mathematical model has been deduced which gives promise of quite general 
applicability to problems involving description ofcnl+n or bone growth and of 
uptake and retention of radioactive materials. 
the model yield, among other things, a modified form of the so-called ''POW~T 

law" which is in widespread use among radicbiological scientists to 

Preliminary deauctions fron 
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matheastically describe excretior. rates and retention curves. 
is that at least some theoretical support is now pravided for the hitherto 
strictly empirical 'bower law." Attempts axe currently being made to test. 
the model using the data from past experiments. 

The result 

F*urther consultations were held with Radioecology weration corrce-ing 
Etatisticd anaysis of Osta fron an UFtak€ and retention expcimn?. withh 
an aquatic community. 

Further ccnsultation was held with members of t!ie Experimertal ArAiu.l Farm 
Operation in connection with a propmed long tern Sr-90 feeding experinmt 
with swine, which is to begin in the neaF future. Amng the objectives zf 
current diseussicns is the determination of 3ptimrrm nuabers cf animals ta 
be placed at each dosage level of feeding. 

Work continued on a life testing scheEe for use ir, the ststistical analysis 
of data from miscellaneoue fish tests. The pr:Fcsed scheme makes ~SE of' cb- 
served times of death which are available from daily pick-off rec3rds main- 
tained during the normal course of the tests. 

6000 Program - Atmospheric: Physics 

Work contimed on a formal report Jsintly suthzred with the Atomspheric 
Physics Operation discussing the derivatim and utilization of statistice 
techniques for analyzing data from next sume?s Air Force-AEC difhsion and 
depcsitfon study. 

Gener el 

Discussions were held with personnel of the Analytical L8bOrstOrieS Operation 
concerning the estimation of the precision of radiochemical analyses base9 on 
low-level counting statistics with appreciable backgromd. 
using fixed total count random time schemes were suggested which lend W.m:elves 
to precise statistical analysis. The general sea of resolving mlti-chnnel 
anslyzer counts was also discussed and 3 method sllggeet,ed which possibly could 
be programmed as s digital computer routine to sccmlish t.he allocsticm pluE 
precision statements directly from a card F'lnCh of the mdti-channel totd. Cmnt 

as read out fromthe analyzer. 

Count.ing methods 

Assistance was given in developing the t.heory and mathemtical. ?nethrds for a 

new experimental method of determining the therd condwtivity of msterisls. 
Unique to this method is the Stephan-Boltzman radiatisn of the ~wle i?,tr, the 
interior of a black body. 

A statistical analysis of spat sampling hta from posit'ive plutonium dep- ?sitfen 

cases was performed for the Bioaseay Operation ta determine the operritionsl 
characteristics of a 24-hour deposition estimtion procedure based on a spt 
sample and accompanying void time infomation. Tfse results of the mslysls 

were sent to interested persons. 
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STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTTER HAPO COMPONENTS 

Fuels Preparation DeDar tme n t 

Rw- 5YW? 

Analytical investigations continued on the electrical circuit analogue model 
of the eddy current testing method for fuel element defects. Further mathe- 
matical analysis was also conducted on the theory of wwe prapagation ir, 

elastic media. 

Irradiation Processing Department 

Data have been submitted by one of the vendors for the proposed high speed 
scanning nuclear monitoring system in support of its conformance to relia5ility 
specifications. 
of the over-all system reliability. 

1 

These data have been analyzed in order to arrive at an estimate 

A multiple regression is being computed relating predicticn errors in connection 
with =tor start-ups to nine independent variables. 

Chemical Processing Department 

Calculations were performed in connection with the preparation of the tolerance 
statement necessary to demonstrate conformance to specifications for the final 
product parts shipped during the fourth quarter of calendar year 1958. 

Relations and Utilities Operation 

Work continued on the statistical analysis of age and sex specific mortality 
data from Richland during the ten year period ended December 31, 1957. 

Further work is being done on the inventory and B-PID estimates descr5bed in 
HW-56536, "B-PID and Inventory Estimates with Minimum Variance ." 
of these estimates are being examined in more detail and the practical use of 
the method is being examined by applying it to over-all HAPO Production dat9 
from January, 1952 through December, 1958. 

The properties 

Consultation was given SS Measurements personnel with regard to the amcunt of 
sampling necessary to obtain factor weight estimates having a given precision. 

General 

Assistance was provided salary administration personnel in devising a method 
to evaluate the new nonexempt position evaluation system. 

Carl A. Bennett, Manager 
OPERATIONS RESEARCH & S-SIS 

CAB: jbk 

1240931 
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PROGRAMMING OPERATION 
JANUARY 1959 

A. ?ISSIONABLE MATERIALS - 2000 PROGRAM 

1, Nonproduction Fuels Dissolving Process Study 

The complex processing chemistry and engineering involved in the establish- 
ment of a dissolution facility for the variety of nonproduction fuels 
encouraged consideration of many alternate proposals and unconventimal 
techniques. As a result, a simplified, critically safe, total dissolution 
facility was scoped ad submitted to appropriate Chemical Processing 
Department and Chemical Research and Development Operation personnel. 
This proposal involves the use of the circulating "spray-tray" type dis- 
solution of integral (unsectioned), full length, fuel elements. 
mediate solution hold-up vessels in the dissolving circuit are small 
enough to asswe critical safety for any of the anticipated low enrichment 
fuels. This proposal affords major simplifications over conventional head 
end processing involving mechanical chopping, leaching of cores, and sepa- 
rate chip disposal by mechanical or chemical means. 

Inter- 

2. Uranium Value Study 

Significant effort was devoted to consultation rendered to Irradiation 
Processing Department personnel concerning analytical treatment of diffusion 
plant economics basic to more elaborate studies of the interrelationship 
between irradiation,separation and diffusion plant costs and process 
variables. 

BO REACTOR DEVELOPMENT - 4000 PROGRAM 

1. Plutonium Recycle Program 

PRTR Fuel Burnout Computations 

The final report on the first part of the study of PRTR fuel burnout, 
isotopic and fission product compositions was completed. 
Compositions, and Activities of PRTR Fuels - Part I" by J. G. Bradley, 
1/14/59.) 
spike and natural UQ assemblies during irradiation at constant flux. 
Data are presented in tabular and graphic form. 
and resultant compositions on scheduling and shielding are Shawn. 

("Fission Yields, 

This report describes variations in core composition of Pu-A1 

Effects of burnup rates 

Characterization of Stainless Steel Cladding 

Substantial progress was made in an economic analysis of stainless steel 
cladding for two types of fuel elements. 
tube and tube and seven-rod cluster, with uranium enriched to 0.85 wt $ 
U-235. 

Two fuel types were considered, 

In the tube-tube case 27 mk decrease in thermal utilization 

121i0933 
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resulted, as compared to 21 mk for the cluster. The change in thermal 
utilization when replacing 20 mil zirconium with 7 mil stainless steel 
was calculated using the P3 method. The GPR code was then used to cal- 
culate attainable exposure for plutonium recycle as well as single pass 
operation, For purposes of an economic evaluation, computation runs were 
made with 25 enrichment varying from 0.65 wt $ to 2.00 wt $8 

index of r = 0.065 was used in all cases. 
tube element was calculated to be 560 C as compared to 400 C for the cluster. 
Results of the economic analysis are not yet available. 

A spectral 
Neutron temperature for the tube- 

Fuel Cycle Analysis 

IBM 650 calculations which compare the reactivity worth of reactor occurring 
plutonium with uranium-235 as a source of enrichment in uranium-238 were 
essentially completed. 
from one set of lattice constants (fo = 0.899, po = 0.906 for a natural 
uranium loading). 
three values of &/E ; namely, 1805, 1.15, and 1.30. 
compositions used in the study are as listed below. 

The calculated exposures for all cases are derived 

The effective reactor size was varied by the use of 
The four plutonium 

Weight $ 
1 3 2 LL 
& L 

PU-239 100 75.2 52:95 31.35 
PU-240 0 19.5 30.12 33 59 
Pu-241 0 4.92 14.28 24 . 96 
PU- 242 0 0.38 2.65 10.10 

Cases compared are those in which the weight of plutonium-239 plus 
plutonium-241 is set equal to a given weight of uranium-235, and both 
cases are then computed with the same value of Xa/c . 
As an example, 1.5s U-235 and 98.5% U-238 in a reactor requiring a ZOD/e 
of 1.05 yielded an exposure of % 20,950 MWD/T (1.62 fission pairs per 
initial fissile atom). This is directly compared to 1.184 Pu-239, O.67$ 
Pu-240, 0.324 Pu-241 and 0.06s Pu-242 and 97.77$ U-238 which yielded about 
23,500 MW/T (1.86 fission pairs per initial fissile atom) at a E,/€ of 
l.05. In this case plutonium enriching yielded a greater reactivity life- 
time than did U-235 enriching. However, this is not always the case. 
U-235 enriching of u-238, the use of plutonium introduces the fertile material 
Pu-240 which absorbs neutrons to produce fissionable PU-241. 
more neutrons per absorption than either Pu-239 or U-235 and is a superior 
source of enrichment. On the other hand Pu-241 also forms Pu-242 which is 
a neutron parasite similar in behavior to u-236. 
interplay occurs which makes it difficult to state the relative value of 
various plutonium compositions as enrichment materials. Generally speaking, 
plutonium containing substantial awunts of Pu-240 and Pu-241 is superior to 
U-235 enrichment (from an attainable reactivity lifetime standpoint ) for 
reactors having good neutron economics (low values of &/E ). On the other 
hsnd in reactors with poor neutron economy, where neutrons are not available 
for "banking" in PU-239-Pu-240 to form Pu-241, U-235 enrichment yields a 
longer reactivity lifetime. 

Unlike 

Pu-241 yields 

As a consequence, a complex 



UNcLAssIFm F-3 m- 59099 

A more complete analysis appropriate to long range planning must include 
analysis of the U-235 and u-236 mixtures which will inevitably result with 
prolonged recovery and reuse of U-235 from therm1 reactors. 
has not been incorporated into studies performed to date. 

This effect 

Phoenix (Long Burning) Plutonium Fuel Studies 

The Litton computer was employed for evaluating Pu-240 self-shielding and 
spectrum shift effects in plutonium-only fuel irradiations. 
lattice conditions used, the fuel compositions studied lost both reactivity 
and specific power generation more rapidly than the fixed-cross-section, 
fixed-spectrum cases run earller on the IBM-650 computer. 
long-burning behavior is evidently associated with a different initial 
fuel composition in this type of cycle. Indications are that higher 
initial 240 content and lower fuel density are the main requirements, The 
results are also sensitive to the poorly-knam Pu-242 cr6ss-section, which 
also should be self-shielded to some extent. The Litton calculations will 
be continued for two or three weeks while FORTRAN programs are being 
written for the IBM-709 computer. 

With the 

"Phoenix" or 

RBU Computer Code Development 

Debugging of all maJor sections of the RBU computer code was completed. 
Linking sections, input-output routines, and the cross-section library 
have yet to be finished and this work will require considerable attention 
from Hanford personnel. 
it appears the code will be usable for some types of problems within two 
months . 

American-Standard is somewhat behind schedule, but 

Methods for Measurement of Effective Cross-Sections 

Study was devoted to possible experimental techniques for the direct 
measurement of absolute effective cross-sections, 
used in the past are expensive in terms of time and effort, but some new 
techniques which rely on interpretation via the RBU or similar computing 
codes are being given further study. 

Most of the few methods 

mm Physics 

Scope modifications of the shim rod design were studied at some length. 
The combined requirements of 2.2 lb. maximum weight, 70-75 mk total strength 
for the system, and a one year burnout life appear to restrict the poison 
material in the floating rod design to cobalt or a high-cobalt alloy. 
Alternatives using self-shielded high-cross-section materials exist but 
have not been considered because of their greater cost and complexity as 
compared to cobalt. The poison material in the screw-type rod design is 
less restricted because of the absence of limitation to 2 lb. maximum 
weight 

1240U5 UNCLASSIFIED 
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c. 6000 PROGRAM 

Radiological Consultation 

Consultation was provided on the evaluation of total body dose from mixtures of 
isotopes, selected aspects of recent recommendations of the ICRP, msximm 
permissible level for thorium, Columbia River emergency plans, and on potential 
methods for partially decontaminating present reactor effluent water. In con- 
junction with others, a report was prepared which elucidates the present level 
of knowledge on the release of fission products from heated, irradiated uranium. 

D. OTRER ACTIVITIES 

Lectures were given to members of the current AFSWP class. 
next Science Colloquium, which features Dr. Hadley Cantril speaking on "The 
3iat.ure of Perception" were finalized. 

Arrangements for the 

The colloquium will be held on March 5. 

T.,H McEwen:dl 
Manager, Programming 

UNCLASSIFIED 
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RADIATION PROTECTION OPERATION 
MONTHLY RWORT - JANUARY 1959 

A. ORGANIZATION AM) PERSONNEL 

G. L. Andersen was reactivated from military leave on January 12, 1959. 
Powers was removed fromthe moll on January 29, 1959. Shirilee H. Peyne was 
placed on leave of absence effective January 30, 1959. 

Luese W. 

B. ACTIVITIES 

No new cases of plutonium deposition were detected. The total number of plutonium 
deposition cases is 226. 

Two Hanford employees who visited Oak Ridge reported that bioassay samples were 
collected from them at that site. Informal reports to them before returning to 
Hanford indicated that a positive indication of Srw deposition had been detected 
in the bioassay samples obtained at Oak Ridge. 
finned a minor intake of Sr9O. 
to be approximately 0.04 pc (about 5 per cent of the maximum permissible body burden). 

Subsequent sampling at Hanford con- 
The total amount of initial deposition was estimated 

Difficulty with the burial of ruthenium-contaminated equipment fran the Redox plant 
resurted in wide-spread particulate contamination down wind from the burial site both 
insicle and outside of the 200-W Area. 
and equipment were contaminated. 
diminished due to decontamination efforts and weather. 
extended to a distance of several miles southeast of the 200-W Area. At the periphery 
of the affected area the particle frequency wa6 about 30 particles per thousand square 
feet. Checks of six involved emplcyees on prototype squipnent in the Shielded Person- 
nel Monitoring Station (SPMS) indicated no significant deposition of Ru106. 
residence of one employee was surveyed as a result of the spread of particulate con- 
tamination. 

An attempt to make an aerial survey of &nd around the 200-W Area on the day following 
the burial difficulties was not successful. 
niques are in progress. 

A number of private and government vehicles 

The particulate deposition 
By month end the pwticle frequency had greatly 

The 

No significant contanination wa8 detected. 

Further studiee of aerial survey tech- 

The SPMS was accepted from the contractor for occupsncy. 
required for the facility is on site and under cwrent teat. 
X-rw stand to permit positioning of the crystal detectors was completed. 
employees attended the RCL school on operation of the 256-channel snalyzcr for 
this facility. 

Most of the equipment 
Modification of an 

Several 

One localized exposure above permissible limits occurred to e CPD employee as a 
result of glove contamination. 
0.6 r. 

The analysis of the exposure of employees to whole-body penetrating gam118 radiation 
was cceapleted for 1958. A comparison of the 1958 experience with previous years is 
contained in the following table: .* .._ .. 

The maximum estimated dose was 15.6 rads including 

- 3 *c -4 

-I_ 
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1956* 1957 19% by Scffix 1958 
4000 5000 6Ooo 7m 8OOo 9000 Const. Total 

647 219 73 1 7 23 973 
0 410 

klr, penetrating 695 729 3 
1 0 22r, 221 238 0 319 67 23 

0 0 0 0 
4 0 0 

0 1 3 
0 0 0 

23, 11 23 
ar, 0 0 0 0 
25r, 0 0 0 0 0 0 0 0 0 0 

4- 

* For 1956 on all of 17 kev X-ray component is included. 

Ti? 
An explosion in the hod of the cut-off box in "B" Cell, 327 Building, caused skin 
and hair contamination up to one rad/& on three employees. 
limited the maximum external exposure to 250 mads. 
in the SPMS indicated less than 0.1 pc of gamma emitters was deposited in the employees. 

The release of 1131 to the atmosphere continued to fall well within working limits 
The average emission rate was 3.5 curies per week. 
occurred throughout the pacific northwest generally from kanuary x) through January 24. 
Gamma analysis of air samples showed an isotcpfc distribution equivalent to about 100- 
day old material which could correspond to the Nevada te8t.s in late October 1958 and 
reported Russiarrtests during the first week of November 1958. 

Several members af the RPO staff participated in a detailed training exercise involv- 
ing the use of an X-ray spectrmeter fc"r the evaluation of film following its expo- 
sure to doses in excees of $0 r. 
eter was authorized for the evaluation of film exp~ed fo disaster level gamma doses. 

wt Maximum: + .l9 rads including 3.U roentgens. 

Prompt decontsmination 
A check of the involved employees 

The fallout of nuclear debris 

Wchase of a simplified model of an X-ray spectrm- 

The new ionizatian type finger ring which is based on a miniaturization concept, 
permitting direct application of the pulse reader technique, was tested in a proto- 
type form and was found to be very sensitive. 
plexiglass tubing with a hollow, circular cavity containirg two circular electrodeere 
Its design results in a Bmooth, cdor+Vable device that gives promise in avoiding 
the discomfort features of existent film typ dosimeter rings. 

A sample ring was constructed of 

Preliminary guides wcrpe prepared for activating the Colmbia River emergency contam- 
ination plan which is part of the AEC-BOO procedure for emergencies. 

Consultation was provided to Legal and Financial personnel on suggested modifica- 
tions to contracts involving the need for special consideratione required by vendors 
in the handling of materials furnished by the Ccxnpsny. 

Authorization for installation of a refrigeration syetem for the Van de Graaff electron 
accelerator was approved. 
for week end overtime. 

This equipment will cos% $3,000 and will eliminate the need 

C. EMPLXIYEE RELATIONS 

Material was gathered for Union Relations personnel for the Wonacott Case. 

There were two medical treatment injuries for a frequency of 0.90. 
lations occurred during the month. 

No security vio- 
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One suggestion was submitted by RPO personnel. 
Three suggestions ere pending in RPO for evaluation. 

One evaluation we8 completed. 
No awards were made. 

The RCL school on operation of the 256-channei analyzer was attended during the 
month by R. M. Bernard, G. D. Brown, and R. H. Wilson, 

A twenty-four hour course sponsored by IBM was attended by W. V. Baumgartner, 

D. SIGNIFICAN!F REPORTS 

HW-59093 

- 
Waste Disposal Monitoring Activities Summary, January 1959, by 
K. F. Baldridge. 

EW-59092 

Undoc. 

Regiod Monitoring Activities, Jmuary 1959, by Be V. Andereen. 

Inventory of Radioactive Wastes to Active Disposal Sites, November 1958, 
by K. F. Baldridge. 

Bw-58312 Columbia River Flow-Time Calculations by J. K. Soldat 

HW-59076 Monthly Report - January 1959, Radiation Monitoring Operation, by 
A. J. Stevens. 

I 

I240q4 I 
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REGIONAL MONITORING - RESULTS (December 22, 1958 - january 25, 1959) 

Activity 

Sample Type and Location Type 

Dr inki na Water 

100-F Area 
Separations Areas 
Pasco 
Kennewi c k 
Ri cUnd 

Columbia River Water 

I so t opi c 
Total Beta 
I sot opl c 
Isotopic 
Total Beta 

Above 100-B Area Total Beta 
100-F Area I60tOpi C 

Hanford Ferry Total Bet8 
Pasco I sot opi c 
McNary Dam Total Beta 
Vancouver, Waehlngton Total Beta 

Waste Water 

Outlying Test Wells Total Beta 
Reactor Effluent Retention 

Basins to River Total Beta 

Atmosphere 

Gross Dose Rate - 
Project 
Environs 

1-19 Separations Areas 
1-131 Separations Stacks 
Active Psrticlee - ProJect 
Active Particlor - Environs 

Ve getat ibn 

Separations 
Reeldenti81 
Eastern Washington and 

Oregon 
Fission Product6 lese 

1-13 - Waeh. and Ore. 

c&ma 
C-amma 
I -131 
I -131 

0- 

-0 

1-131 
1-13 

1-131 

Beta 

Monthly Trend** 
Average Unit s* Factor 

1.3 x lO-~(Max: pc/cc -- 

22 * OQC! curies/by -- 

* The $ MEGI 16 the percent of the mt%ximum permissible limit for continuous 
occupational oxpoeuro to the gastrointestinal tract calculated from drinking 
water limits. 

++ ,me trend factor shows the n-fold Increase (+) or decrease (0) from last month, 
where values of n lese than 2 will not be noted. 
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EXPOSURE EXAIUATION AND RECORDS 

Exposure Incidents Above Permissible Limits 
WhoIe Body 

January 
1959 to Date 

0 
0 

Localized 

1 
1 

Gama Pencils 
Pencils Paired Readings Paired Readings Lo8 t - 

Processed 100-280 mr Over 280 mr- Reedings 

January 32,208 55 
1959 to Date 32,208 55 

4 
4 

1 
1 

Beta-Gsnnna Film Badges 
Badges Readings Readings Readings hat Average Dose 

Processed 100-300 mads 300-500 mads Over 500 mads Reedings Per Film Packet 
rred(aw) mr(sf 

January 10,742 896 85 0 53 2.75 18.37 
1959 to 
Date 10,742 896 85 0 53 2-15 18 9 37 

Neutron Film Badges 
Film Readings Readings Readings Lost 

Processed 50-100 man 100-300 mem Over 300 mrcm Readings 
Slow Neutron 

January 1,453 0 0 
1959 to Date 1,453 0 0 

Fast Neutron 

55 
55 

0 

0 
0 
0 

0 8 
0 8 

0 9 
0 9 

Bioassay Jan- 1959 to Date 

847 
24 

Plutonium: Samples Assayed 847 
Result8 above 2.2 x lom8 pc/sample 24 

Fission Products: Samples Assayed 774 774 
Results above 3.1 x 10-5 pe FP/semple 3 3 

Uranium: Samples Asssyed 320 320 

Ccmfinned Plutonium Deposition Cases 0 o* 

-ringing all-time HAP0 total to 226. This total. includes all deposition cases 
which have occurred at Hanford -1 deposition eases which occurred to present 
Hanford employees prior to employment at Hanford. 

UNCMSIFIED 
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Uranium Analyses 

Sample Description 

Fuels Preparation 
Hdord Laboratories 
ChemfcaJ Processing 
Chemical Processing* 
Special Incidents 
Rmdom 

Following E posure 
Units of 10-9 pc U/cc 

Number 
Maximum Average Samples 

12 3 -3 45 
17 2.5 22 
29 4.5 104 
24 10 7 
0 0 0 

4.3 1.3 32 

Following Period _of No Exposure 
Units of 10-4’ pc U/CC 

Number 
MaxFmum Averwe Semples 

39 3.2 
21 3 01 
45 307 
9 

0 0 0 

16 
25 
30 
27 0 0 4.5 0 

%ample-s taken prior to ad after Q specific: job dining work week. 

Thyroid Cheeks ZEEEX 1959 to Date 

Checks Taken 
Chezks Indicating 0.01 pc 

Hand Checke 

Checks Taken = Alpha 
- Beta-Gamna 

Skin Centamination 

Plutonium 
Uranium 
Fission Products 

Portable Inatrumate 

CP Meter 
Juno 
GM 
Other 

Total 

PeraoMel. Meters 

Badga Film 
Pencils 
Other 

Total 

Miscellaneous Special Services 

Total Number of Calibratiom 

12409b4 
AR Keene:kc 

0 
0 

L) 

0 

28,513 28,513 
18,656 18,656 

19 
3 

58 

19 
3 

58 

Number - of Unite Calibrated 
Jaguay*qy 1959 to Date 

. 954 
310 

1,357 
186 

mm 

miitfan Protection 

UNCWSIFIED 
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LABORATORY AUXILIARIES OPERATION 
MONTHLY REPORT - JANUmY, 1959 

GENERAL 

Safety performance of the operation was considered satisfactory. 
no major injuries; 
siderably below average elrperience. 

There were 
the minor injury frequency rate was 1.80, which is con- 

The absenteeism rate was 2.77 per cent, which is below average experience. 

There were no security violations charged to the Operation. 

TECHNICAL SHOPS OPERATIOfl 

Total productive time for the mnth was 14,378 hours. 
backlog is 18,253 hours of which 504 is required in the current month, with 
the remainder distributed over a three month period. 
the mnth was 7.2$ (1270 hours) of the total available hours. 

Distribution of time was as follows: 

The total shop work 

Overtime worked during 

Man Hours 4 of Total 

Fuels Preparation Department 
Irradiation Processing Department 
Chemical Processing Department 
Hanford Laboratories Operation 
Construction Engineering Operation 
Mi s ce llaneous 

1913 13.3 
876 6.1 
720 5.0 

10743 74.8 

120 .8 
6 

The number of requests fmm customers for emergency shop service increased 
sharply necessitating a higher than normal overtime level. 
were utilized to capacity in providing assistance to the Technical Shops. 
continued on setting up assistance type contracts with off-site shops, and the 
final drafts should be completed so that negotiations can be conducted in 
February. 

Other project shops 
Work 

The Knight No. 60 jig boring machine was received and placed in operation. 
Specifications for a small planer were compiled and a request for bids was 
issued by the Purchasing Operation. 

RADIOGRAPHIC ".ESTING OPERATION 

Activity for the Radiographic Testing Operation was norms1 for this month. 
A total of 5,724 tests were made, of which 1,357 were radiographic (including 
x-ray and gamma-ray) and 4,367 were supplementary tests. In man hours, out of 
a total of 914, 475 (52$) were employed in connection with radiographic tests, 
and 439 (48$) were empgoyed on supplementary tests. 
work included dimensional measurements (micrometric), eddy current, leak de- 
tection, penetrant, and ultrasonic (thickness measurements and flaw detection) 
tests. 

The supplementary test 

UNCLASSIFIXD 
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Continuing the trend of last month, a large nrunber cf piec3s wre lxxdled +.'ni.c 
mcnth, mtting dcwn scmewhat. 3n the nunber of tests xade. 
item5 were handled. 
to 13,240 feet 
re?resenfing all of the operating departments and servzce crganiza5iom. 
to231 cf 25 repsrts we-e Issced detailing test findings sltk ?oncAsicn~ ar-d 
reccmended actics RadiograFhic Testing frleration was ccne.L:.ed c:? 29 
different czzasions for advize arid infc.rmatlon regarding general t.est.frLg 
thecry and appiicaticns fcr other than the Jobs tabllisT.ed in Part ii. 

The s72.?-cessful a>pIl:ation of a portable leak aesettion *;it. fer helia~ ?.E&-: 

is being con'iinued in %he reactor areas. 
exterxk? +a ',he rea:t.ors ;:rcper. Testlng of the riar iase cf the F?a:.??r? at. 

iOO-E,, i3O-KW,, azd ;DO-H hac been started. The first. vcrk bas 'G~er, <.or,:t?tl*a',el 
cn the bellc-;e and n'aercuc leaks weye fc.lind, ??is wrk ha.i ?PE~ rfqiec'e1 a-, 

all reaxcr areas. 

A t2t.a-L cf ?,a2 
The feet of material represen%ed by this -;otal amrl:-,lnt.ed 

Work was &ne for 21 different. crgaclzational coqcien5s .~ 

A 

The sarveyk .being made ha-re been 

.No.of FI. cf We:? No, of 
Scmponer_t Test2 or Yaterial Piece2 

CPD 136 102 61 

CEO 1 

C , 

i 

20 

1 
.L 

7 

SS veld zc1qc.n. 
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NO. of Ft. of Weld No. of 
Component Tests or Material Pieces Description 

RLO 3550 9356 1856 1" 0 .D. x .078" wall ti tube; 1.34 

Pu-Al cast billets; 8" long swaged 
Zr.-W2 fuel rods, 8" x 1.440" O.D. 
ash can element; extrusion dies 
1.475" O.D. x ,046" wall, 1" O.D. 
x .078" wall, .680" I.D. x .035" 
wall, 2.4" O.D. x .l7O" wall, 3" 
0 a D. zircaloy tubing; 1-1/2" sch . 
80; 14.3$ pu-u cast cores and 
rolled fuel plates. 

IPD 1582 3747 

R&m 450 14 

- - 
TOTALS 5724 13240 

1552 Grooved Al tube, NPR loop high 
pressure piping; helium leak test 
systems in lOg-KE, 105-KU, lO5-H, 
lO5-F, lO5-B, and a high pressure 
heating element. 

5 Fork lift am, vacuum tank circuit 
breakers. 

- 
3482 

FACILITIES ENGINEEFUNG OPERATION 

Projects 

There were 12 authorized projects at mnth end with total authorized fbds of 

$7,024,078. 
projects were completed during the mnth. 
approval. 

The total estimated cost of these projects is $7,690,078. Two 
Two new pro3ects are awaiting AEC 

Project proposals for thirteen new projects are in preparation. 

The attached lllonthly project report covers the status of individual projects. 

Engineering Services 

Title 

Modification of Elevator, 327 Bldg. 

7 

Reroofing of 146-PR and 222-U Bldgs. 

Traveling Crane Improvements 
314 Bldg. 

Noise Attenuation - 3760 Building 

Status 

Work is complete. 

Inclement weather delaying the pro- 
gress of this Job. Estimated completion 
is April, 1959. 

Installation work is proceeding. 

Q-duct was installed and a reduction of 
5 to 6 decibels was noted. This appli- 
cation will be used in other ductwork of the 
building. 

UNCLASSIFIED 
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Title 

Additions to Room 123 146-FR Bldg. 

Vacuum Pump Problem - 325 Bldg. 

Provide Additional Hoods,Room 7-2A, 
325 Building 

Decontamintation of the Interior of 
314 Building 

Renovate Room 30-C - 325 Building 

Alterations to 40' x 80' Army Mess 
Hall Building (Atmospheric Physics) 

306 Building Water Filter 

Saw-Dust Storage Silo - Biology 
Ope ration 

Design & Install Fire Alarm 
System - 314 Building 

Air Balance - 108-~ Building 

Auxiliary L.P. Propane Gas Supply - 
325 Building 

Building Modifications 146-FR 
Building 

Lighting Study, Bindery Room, 
3760 Building 

Design and Drafting Service 

Title - 
Cesium Recovery 

H-4 

Status 

Work is 

Recent 

complete. 

,ests have indicated 5O$ 53 

in oil consumption. 
5ngs 

Installation work underway. 

Work order has been issued for this job. 

New equipment is being procured for 
installation. 

Finish work remains including comection 
to septic system and chlorination of 
sanitary water system. 

Filter unit rework by vendar has not. 
been received for installation. 

Work included a concrete pad, erection 
of metal silo, and interconnecting 
passage. Work is essentially complete. 

Design work started for installation 
of a fire detector system in 314 Bldg. 
Work will include interconnection with 
ventilation system and add a civil 
defense alarm. 

An engineering study is being made of 
108-~ ventilation system. 

Tank and valves are on plant. Plant 
Forces to perform installat.ion work. 

Work is underway to convert storage 
space into office rooms. 

Light levels have been checked and 
found to be inadequate. Corrective 
measures are being investigated. 

This Job is essentially complete. A 
minor amount of work is expected +a 
continue for changes and correction 
of deficiencies. 

UNCLASSIFIED 
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Title 

Draw Bench Chain Support 

Equilibrium Chamber 

Thermal Analysis Furnace 

Creep Capsule 

Wide Angle Viewer - PRTR Examina- 
tion Cell 

Wet Storage Transfer Mechanism, 
CA-749 

Wet Storage Basin Mantpula+&rs 
and Vacuum Cleaner 

Scope Drawing on Proposed Full 
Scale Test Reactor 

Full Size Layout PRTR Them Shield 

Status 

Test results are available and com- 
pletion of work is estimated at 93%. 

A device to measure thermal conductivity 
of dense ceramics. Scope design 100% 
complete e Detail work remains. 

A vertical resistance furnace for deter- 
mining the thermal properties of UO2. 
Scope design loo$ complete. Detail 
work started. 

Measarement of Zirconium. A capsule 
to monitor stress, elongation, and 
temperature while being irradiated. 
20$ complete. 

Work w$ complete. 
elerrents was required during the month. 

Rework of various 

Work 100% complete. 

Work started. 

Work is complete. 

Work is compiete. 

In addition to the above about 15 misceilanecus job items are being worked 
on in the Drafting Operation. 

Maintenance and Buiidlng Engineering - Landlord Functions 

Costs - December - $128,790 
November - $101,665 

FYTD Total: $565,830. 45’$ of Budget. 
The predicted expenditure forecast cost over the same period was estimated 
to be 44.296. 

Planned Maintenance December Summarx 

Painting, Roofing, Heating, Veztilating, 
relamping, md miscellaneous items $19,216 $69,862 

Six Month 

Forecast expenditure to date $70,100. 
Actual expenditure is 99.74 of forecast. 

UNCLASSIFIED 
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At the end of the first six months, we have spent 0.8% more than we forecast. 
The overexpenditure has been for steam which has exceeded our forecast by 
$5000 per nonth for the last two mnths. 
and other costs are very close to predicted costs. 

The unusual maintenance expenditures 

TECHNICAL INFORMATION OPERATION 

Some progress was made in the matter of obtaining a policy concerning parti- 
cipation by RAP0 employees in the AEC's book publishing program. 
agreed that Hanford authors should participate in the program, particularly 
in writing books on topics on which there is outstanding local competence. 
A list of books which the Commission would like to see written and published 
will be circulated to appropriate components in an effort to locate pro- 
spective Hanford authors who might undertake to write them. 

It has been 

A pre-publication draft of the AEC's Technical Progress Review on Power 
Reactor Technology was received for comment. 
published by the Commission, is prepared by General Nuclear Engineering 
Corporation under the editorship of W. H. Zinn. 
gives AEC contractors whose work is discussed in the publication an opportunity 
to object to specific items if they so desire. Regular pre-publication reviews 
of each of these publications will be standard in the f'u%ure. 

This review, one of three now 

The pre-publication review 

Two "Classification Information" bulletins were distributed to the field 
during the month. 
duction reactor confinement information. 
for classifying Hanford photographs. 
ment existing instruction and provide only limited relief from the strict, 
interpretations. 
revised topics which were submitted by HAP0 in December. 

One bulletin contained instructions on classifying pro- 
The other presented some new criteria 

The new criteria on photographs supple- 

Nc word has been received on the status of the completely 

At the recent Ninth International Declassification Conference it was agreed 
that the chemistry and chemical technology in the field of chemical processing 
of irradiated normal or near-normal uranium fuel elements no longer warrants 
classification. It was also agreed, however, that the wantities and the 
critical specifications of materials that are pmduced primarily for military 
purposes should not be declassified. 
meeting was held in Washington during the week of January 19 by the Divisions 
of Classification, Production 
change of chemical processing information with the United Kingdom. 

As an aftermath to the Conference, a 

and International Affairs tc discuss the ex- 

Considerable time was spent reviewing and verifying the unclassified nature 
of the material for the Public Hearings on Industrial Radioactive Waste Dis- 
posal. 
The AEC Declassification Branch, Oak Ridge, confirmed the necessity for minor 
deletions in the paper. 

Classification difficulties were encountered with only one paper. 

The AEC Classification Officers met with Division of Classification personnel 
in Washington during the week of January 19 to discuss recent developments 
in the field of classification. Summarized below are the developments of 
special interest to Hanford: 

1. The Commission has approved the downgrading of production rates. 

UNCLASSIFIED 
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2. 

3. 

4. 

5. 

6. 

7- 

8. 

9. 

Approval of the Military Liaison Committee, expected by mid-February 
is required before the change can be effected. 
should permit comparable downgrading of production rates of individual 

This downgrading action 

plants. 

The AEC is now circulating a revised staff paper to fully declassify 
the NPR. The Division of Classification believes declassification 
is assured providing the NPR planning continues to ioclude dual pur- 
pose features. 

Distribution of the Ninth International Declassification Guide, 
successor t:, OC-DOC-44 "Declassification Guide for Responsible Re- 
viewers'' is expected in March. 

Distribution of a revised version of OC-DOC-33, "Classification Guide 
for Source, Special Nuclear, and Other Materials and Shipping Forms 
for Source and Special Nuclear Materials," is expected in about six 
weeks. 

A new weapons classification guide, "US-UK Weapons Classification Guide" 
has been prepared and is in the initial review stage. 

Hanford has been authorized to use OC-DOC-54, "Classification Guide 
for Use in the Civilian Application Pmgram" to replace AEC Chapter 
3403, Unclassified Areas of Research. Use of the CAP Guide at Hanford 
permits the removal from the "born classified" categery of certain in- 
formation in the fields of chemistry and radiation effects. 
most part, this type of information originates in the Hanford Labora- 
tories. 

For the 

A revised version of AEC Chapter 2108, Atomic Weapons Data has been 
distributed for review and comments. It is understood that the re- 
vision incorporates mst of the suggestions made by Hanford and when 
approved will allow the establishment, of satisfactory procedures for 
handling this material. 

The Directcr of the Division of Classificat.ion is tc meet with the 
Assistant Secretary of Defense to review Department of Defense policies 
on the classification of maps and photographs. The Division of Classi- 
fication feels this meeting will provide the key to realistic resolution 
of the map and photograph problem. 

AEC and p;EC contractor budget and cost personnel are scheduled to meet 
in Washington sometime in February to develop classification guidance 
for budget and cost data. 

Preparation of the "Testimony and Statements Prepared for Public Hearings on 
Industrial Radioactive Waste Disposal before the Special Subcommittee on 
Radiation of the Joint Committee on Atomic Energy" was handled by Technical 
Publications between December 31 and January 24. 
of approximately 400 pages. 

The final version consists 

I24095 I 
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An annotated bibliography of approximately 250 referenceP to Hanford literature 
on radioactive waste disposal was prepared for inclusion in the proceedings of 
the Congressional hearings on this topic. 
bibliography have been made available to the AEZ's Civilian Application Progrm. 

A field of interest. register covering Hanford needs for both classifled and 
unclassified publications of the National Aeronautics and Space Administration 
was completed and submitted through the AEC's Technical Information Service, 
Washington to NASA. 
related to Hanford research and development activities. 

All reports referenced in this 

Upon approval we will automatically receive NASA reports 

The annual R&D and AWD Inventory started orA schedule,,'anuary 2. 
Atomic Weapon Data reFor%s invent.ory hacL been completed with all copies 
accounted for. 

The two 

Tne R&D Priventory is progressing satis fa< tor5.y.. 

Working Volume St.atizt.ids 

Ihcrurnents rsuted and discharged (copies) 
D3cuments isEued (copies) 
Documents sent Gffeite (copies j 
Document reserves filied (copies 'I 

Docments I;I:ked q and &elEvered 

Holders of ciaEziffed &:ueilts wticEe flies 

Dozumects inverToried in Files f.2o~ies I 

Documents des5myed or retfred [copies! 
Documentx revised (ccpEe9 1 
IhxnentE pLle6 and doxmentE filed (coyiesj 
Dclmnects reclassified 
Accountable coyles of SEZRET and IXXJMENTEII 

we re invent o r ie 2- 

CONEIDENTEAS do c'JI;entis onsite 

Referenze and F;blization 

Boks cataloged (new titles) 
Bookg added to the c-olleztion (volmes) 
Ready reference qcresticns answered by professional 

Literature searches by professional staff 
Reports abstracted (titles) 
Formal reports prepared (titles 
Offsite requests for HAPO reports (copies) 
Reports released to CAP (tttlea) 

staff 

D.:: %mbe P 

15 386 
11,768 
2,595 

516 
18,616 

h4k 

1,026 
312711 
1,717 
7 ,:wl 

697 
204,329 

115 
277 
149 

102 
182 
i4 

Lo3 
25 

;anliary 

15.9746 
19,518 

3,453 
886 

22,149 

577 

10 5 
4,675 
2,061 

11,359 
~82 

204,678 

111 

2 52 
168 
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Library Ac qui s it ions and C i r culat ion 

Books ordered (volumes) 
Periodicals ordered 
Books circulated (volumes) 
Periodicals circulated (issues) 
Inter-Library loans 
Films borrowed or rented 
Industrial film showings 
Bound periodicals added to the collection 

December 

439 
69 

1,891 
2,300 

54 
23 
32 
72 

January 

342 

30 
1,524 
2,520 

81 
21 
44 
153 

Library collection : 

Main Library W-10 Library 108-~ Library Ind. Med. Totals 

No. of books 25,197 8,148 1,379 1,923 36,647 

No. of bound 
pe rio dicals 11,531 1 

36,728 

Statistics 

8,149 

96 13,059 - 1,431 

2,810 2,019 49,706 

- 

December January 

40 89 

19 27 

Documents, in?lud:ng drawings arid Fhotographs 
reviewed for downgrading or declassff ication 

Documents and papers (interded for oral pre- 
sentation or publication! reviewed fer appro- 
priate classification 

Documents submitted to Declassification 
Branch, Oak Ridge 

LABORATORIES ADMINISTRATION 

48 

Two Assistance to Hanford authorhations are in the process of being 
approved. They are : 

ATH-HIx)-3-59 Corrosion Testing of Aluminum Cladding, 
to APED, in the amunt of $l5,OOO. 

ATH-HID-4-59 Processing of Aluminum Cermets, to MCRD, 
in the amount of $20,000. 

A third Assistance to Hanford authorization to Chemical Materials 
Department, Plttsfield, Mass., for the fusion of uranim dioxide, is 
pending. 

30 

LABORATORY AUXILIARIES 
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EMPSOYEE FBLATIONS OFEMSON M3NTHLY REPORT 

At month's end, the staff of the Hanford Uboratories Operation totalled 1203 em- 
ployees, including 570 exempt and 633 nocexenrpt employees. mere were 485 exempt 
emgloyees possessing technical degrees, including 274 B.S., 106 M.S. and 105 PLD. 

PERSONTIEL DEVELOPMENT 

I The Armed Forces Special Weapons Project Training Frogram for medical officers 
commenced January 6th and is contlming on seLedule. 
February 13. 

The Program will be completed 

Two classes in PBM-I were initiated on Zanu&r,y 15. 

UNION RELATIONS 

The Wonacott case pertainirtg to radiation monitoring $risdiction is progresshg 
toward arbitration. 
been proposed to him for the hearing. 
date. 

pde arbitrator has been fzlected aad a dste of March 5th bs 
No corfimtion has been received up to tkis 

The Arnold grievance pertaining to work assignments was discussed at Step I1 and 
an arbitration demard was rtceived on January 30. 
as the union's member on the panel 

George M. Brown has been named 
F. W. Woodfield will represect the cowany. 

Twelve oral complaints were made ky bsrgakiog unit represeztatives during the month 
and were settled 1ocEsIl.y without form1 gzievsaces. 
only formal one submitted &x-ing Janury. 

Tiis Arnold grievance was the 

COMMUNICATIONS 

A complete revision of a communications pachge dealing with the establishment of 
new HAP0 exposure limlts was prepared sr=d su5mitted to RaCiation Protectioc Opes- 
tion for review. 

HAP0 Public Relations arrswed for the ApD Sckienectady News Bzeau represestative 
to prepare a story on the Americar, Meteorology Society's award to G.E. The story 
was released to Eastern and Northwest peprs in accordsnce with the deadline requested 
by the JUS. 

Tours were conducted for 15 science club mem3srs from Seattle Eckstein Junior High 
School aad 30 Moxee High School science skdents. 

EMPLOYEE COMPENSATION 

Initial participation of managers and supervisors in completing one phase of a con- 

exempt compensation study was undertaken during the month. A major portion of non- 
exempt jobs will be rewritten on a new Job description format which is compatible 
with the point score evaluation system. 

HLO' s salary review was completed during Jaausry. 
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PROFESSIONAL PERSONNEL PLMXMENT 

Ph.D. recruiting continues to present most serik problem with extreme coqeti- 
tion being encotrntered for F%.D. physics Candidates. 
during the month and two acceptances were received, bringing the total acceptaxices 
for the recruiting year to six. 

Four offers were extended 

Three offers are currently upen. 

Experienced BS/m recruiting and recruiting for the Technical Grdaate Pro- 
continues to be very favorable. 
the employment of new bachelor’s candidates in physics. Spring recruitlag comexed 
on January 12 with visits to WSC, Idaho, Goczaga, Oregon State, Portland University, 
Washington and Seattle University and will continue during the comiLg two Iroztkis 
with visits to 26 additional schools. 

Most serious difficulty is being eccouatersd h 

r 

Twenty-three graduates are currently assigned to the Technical Graduate F’rogr~ 
with three scheduled for placement on February 1. Requests for plazeroezt exc-e;zd 
Program members available and this will continue until June graauates report for 
assignment. 

Employment for the Sunrmer Program is underway with five graduates and four profes- 
sors having submitted acceptances to date. 
graduates, 6 high school teachers and 20 professors. 

Tentative goals are 10 juniors, 10 

HEALTH. SAFETY AND SECURITY 

I 

.. 

Laboratories personnel worked a total of lg”,040 man-hours during the m0r;th with 
no disabling injuries. 
have been completed with no disabling injuries. The medical treatmect freqwxy 
for January was 1.13 as compared with 1.34 during December. 

Since September 1, 1956, a total of 5,4’j’5,100 ms~-tours 

There were seven security violations during the month of January. 

EMPLOYMENT 

Twenty-six requisitions were received during the month, bringing the %c)tp_l cmexempt 
openings in the Laboratories to 45. 
and five transfers perid.ing, leaving 34 candidates to be procured. 

There are 13 candidates currcatly in p-ocess 

-ger, 
Employee Relations 

T.G. brshall:tr 
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TABLE 11. NONEXETlPT E*mmfENT 

Nonexempt b Employment Status DE Jan. Nonexempt Wansfer Requests D2 Jan. 
Requisitions - Transfer Requests 

-- 

73 

6 10 

-e 
Active cases at end of mo. 
Cancelled 

66 At end of month 28 45 
4 2 

Received during month 18 26 
New 1 1 

2 0 Cancelled 

Filled during month 12 9 Transfers effected 

Candidates Considered 

Total applications 48 41 
Total transfer requests 

from other at HAP0 0 0 

TABU3 111. 

Grievances Processed - January 1, 1959 to date 
8 

1 Total Processed 

Step I 

Answered satisfactoriwk 0 

Step I1 

Answered 
0 Satisfactorilp 
1 Applied for arbitration 

Pending arbitration decision 1 

-X Step I grievances which Council indicated a desire to discuss at Step I1 
not scheduled for discussion within three months are considered settled at 
Step I. 

-% Step I1 grievances in which the Council formally applied for arbitration 
but for which no further action is taken within three months are considered 
settled at Step II. 

12tj09bb 
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C - Technical Graduate and Technician Training Program 
Month ending January 3, 1959 

Number Personnel on assignment 
(HAP0 Tech Grad Program. . . . . . .23) 
(West. District E.P. .. . . .. .. . . 0) 

Distribution of assignments by Depts. 

HLO 
CEO 
mu0 
FPD 
IPD 
CPI) 

TG Wogram 

23 

11 
0 
0 
0 

12 
0 

Distribution of assignments by functions 
19 
4 

R&D or Engineering 
Other 

Hw- 59099 

TT Program 

u. 

ll 
0 
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FINANCIAL OPERATION MONTHLY REPOET 

JANUARY 1959 

PERSONNEL 

There were no changes in the personnel of the Financial. Operation during January. 

GENERAL ACCOUNTING OPERATION 
a 

A report of results was issued for the physical inventory of ucinstalled cataloged 
equipmeat in the custody qf Biclogy Operation, 
were physically countec? valued at $548,418. 
located during the inventory compared to 22 missing items valued at $8,112 in 
the FY 1957 inventory. 
compared to 57 items valued at $24,700 in the FY 1957 inventory. 
sults indicate good control over equipment and the use of proper procedures in 
transferring or retirement of equipent. 

Seven hundred and twelve items 
One item valued at $82 was not 

Seven items valued at $1,822 were added to record as 
Inventory re- 

Reconciliation of the physical inventory of uninstalled cataloged equipment in 
the custody of Physics and Instruments Research and Development Operation is still 
in progress. A report of results will be issued in February. 

The physical inventory of uninstalled equipment in the custody of Reactor an? 
Fuels Research and Development Operation is currently being taken. 
is expected to be completed by February 13, 1959. 
Whitney is also being phy~i~aliy inventoried, 

Field -Gork 
Equipment belonging to Froject 

A special report - Annual Industrial Fire Program and Experience - was prepared 
for Contract Accounting shming the replacement value assigned to HLO, excluding 
underground installations and open sided structures at December 1958. 
ment value of plant and equipment and government owned supplies on 

$45,635,505. 
Contract Accounting from the Building Cost Index published by Smith, Henckman, 
and Grylls. 

The replace- 
records is 

The index used in reflecting replacement value was furnished by 

The blank pass custody and issilasce functicln was transferred from GE Security 
to Property Accounting during the month by assignment of a blcck cf passes to 
HLO, A request was made of Laboratory Auxiliaries to revise HL3 OFG’s to re- 
flect a revision in authorization to sign passes t9 Level 4 with redelegatinn 
by Level 3. 
ing author i zati on. 

A resum; of AEC Manual Chapters issued for compliance was received froms Contract 
kaministra5ion. Each Level 3 Mm-ager was furdshed a copy of tk resume for his 
use in examining his procedures. 

This was necessary to strengthen controls and to simplify verify- 

Project Proposal for the Equipment Stcrage Area Building in th= 3C10 Area was 
approved by the Ccmd.ssion m Caquary 39, 
received as yet. 

No directive to p;?;:eec! has been 

Cmh advance balances were reduce3 fram $33,5i9 in Decenber to $17,136 pimavily 
due to sstt1emer.t af Gemva Conference msociated accounts and settlement4 of 
many other accounts iri connecticln with calendar year-end clxing. 

174f19h9 
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Work continued on completing manual on travel, living md other reimbursable 
items handled by General Books. 

Development of a new travel order form which will simplify off:ce prccedmes 
concerning cash and check advances is about complete. 

COST ACCQUNTING OPERATION 

Instrucfims fcr preparing the Operatica Cost Budget and supporticg data fcr 
fiscal yess l96C an9 1361 were tranmitted ?e KLO rnmagenent. 

The Cpersting Cos+, Eudget for FY 1959 was adgusted d\;rina January fcr the foll~v- 
ing changes in autherizations: 
the eqdpe~t categwj- iz the 4000 Prcgram to reflect -%Le rec1assifi:atfan by 
Washfcgtm-AEC of ths GL'~ Gas LOOP, (2) transfer of $~';,z?s fros operaxing cost 
tc the eqifpmsz+, =a-,egc.ry ic the 4303 Prqyam t~ Fr.Xid5 Qrgently nziSe3 fading 
of cq;pmen% i+ans assxi%%ed with $he %Telling Stv(&ies &is (3) re3t:ticn il! 

CPD Pr;:~sc Technokg7 authorizatior, of $3O,O@O. 

(1) transfer 3f $l75,.Xi' from operstl~g e.~: to 

Effer;?ive xith Janus3.y 1959 reporticg, the distinztioa fr, clasaificaticn of NPR 
costs betveen Metallurgy, Re-actor md Separaticns was discsztinued. 
atim was not requiyed by mar,agement of Irradiations Przcessing Department and 
Hanford Laboratories. 
date, it can readily be obtained through analysis. 

Dis inform- 

Ir, the event this segregation is rsqJired a+, a later 

A "Cost Plus Commitment" 
of the Plttmiun; Inhalation Study cor,tract with the U.S. Air Force 8s af 
December 3, 1958. 

report was issued for the first time showing the status 

Hereafter the report will be issued monthly to HL2 management. 

The second quarterly report of planned off-site R&ij expenditures for the remainder 
of FY 1959 was submitted to Contract Accounting 311 January 26. 
totaled $2.2 million with $1.8 million expected to be costed in the remaining 
six months of the fiscal year. 

Items listed 

A meeting was held with the Supervisor, Metallcgraphy Laboratories to discuss 
the advisability of adopting the work order system for the Metallography Labora- 
tories. 
the cost of each job or zf obtai3ing funds far work; therefore, it was felt 
that the advantages did not offset the disadvantages of the additional paper 
work involved under the work order system. 
present system of acccunting for the present t'he md that another review may be 
made at a later date. 

At the present time, there appears to be no problem of accour,ting for 

It was agreed tz continue with the 

A revised schedule of the monthly 6epreciat:on allocation to programs was pre- 
pared for the last six months of FY 1959. The addit2onal depreciation expense 
of approximately $k1,030 associated with the remxal cf Gbsolete equipmect frzm 
the 231-2 Building has beer, spread over the six months ending June 30, 1959. 
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PERSOIWEL ACCOUNTING 

Withholding .Statements, W-2 Forms, for 1958 were delivered to employees on 
January 9, 1959; 1,412 forms were transmitted. 
employees amounted to $8,651,829. Income tax withheld amounted to $1,234,080. 
Collector's copies of W-2 Forms and Reconciliation of Federal Income Tax With- 
held for the year 1958 were mailed on Jmuary 19, 1959. 

Gross wages paid to these 

\ Annual Federal Tax Return of Employers under the Federal. Unemployment Tax Act 

January 22, 1959. Total taxable wages paid during 1958 under the Unemployment 

1 for the year 1958 was prepared and a check in the amount of $10,689 payable to 
the District Director of Internal Revenue, Albany, New York, was transmitted on 

Compensation tax law amounted to $3,563,291. 
a tax of $96,127 and the state of Idaho $60. 

State Income Tax returns covering payments made by GE during the year of 1958 to 
employees transferred in from other General Electric cmponents were prepared 
and transmitted to the various tax agencies within dates allotted. 
reports were forwarded to Idaho, Oregon, New York and Wisconsin. 

1 

The state of Washington was paid 

These 

A pay raise of 2.54 for all employees participating in the Savings & Securi+,y 
Program became effective January 15, 1959. 
cheeks received on January 23. Non-exempt payroll will be increased approxi- 
mately $60,000 es a result of this increase. 
to -19 per hour, isolation pay to $10.35 per week in the case of non-exempt 
and area differential to exempt employees was increased to $45.00 per month. 

New rate to be included in pay 

Shift differential was increased 

PROCEDURES 

Data Processing Operation has agreed to develop a program for accounting for 
off-sfte commitments placed by RLO for materials and sereces. 
that the record will include not only GE and AEC purchase orders but also con- 
tracts and procurement directives. 
vided by HLO Financial Operation through pmched cards prepared, for the 
present, by Classified Files Operation. 
the month of February 1959. 
information (complete or partial payment) on the payment voucher. 
Payable Operation has tentatively agreed to perform this service. 

It is planned 

The input to the tape record will be pro- 

The target date fcr implemeritation is 
The key tc this procedure was obtaining additional 

Accounts 

. Data Processing Operation, upon our request, is studying the possibility of 
automatically updating the personnel source file for automatic increases fcr 
non-exempt employees. EL0 Salary Administration Operation has tentatively 
agreed to this change which would eliminate not only the maintenance of a 
tickle file and supervisor notification by Salary Administration, but also 
the preparation and transmittal of rate change papers by Personnel Accounting. 
Tabulations of changes would be provided by Data Processing Operation for Wage 
Rates approval, salary control information, and auditable file document. 

A study cf card punching performed for HLO by Dat.a Processing Operation is under 
way to determine desirability of performing part or all of this cwd pwching 
in the 300 Area. Technical Information, Exposure Evaluation and Records md 
Calibrations Operations are presently doing their om card punching. 
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AUDITING 

Contracting and Procurement Audit field work is complete, the report drafted, 
and work has started on the Work Order Audit. 
Equipment Furnished AEC Construction Contractors report still awaits CEO clearance. 

Issuance of the Material and 

MEASUREMENTS - 

Work continued on the preparation of the HGnford Laboratories section of 1958 
at HAPO. Interviews with Level 3 and 4 managers on the subject of measurement 
neared completion. 

Payroll Stat i s t i c s 

Number of RLO Ehployees 
Total Exempt Non-Exempt Changes During Month - 

Ehployees on Payroll at Beginning of Month 1 204 568 636 

Employees on Payroll at End of Month - 1 203 570 92 

la 9 Removals and Transfers Out (19) 3) (12) Additions and Transfers In 

Overtime Payments During Month 

Exempt 
Non-Exempt 

Total. 

Gross Payroll Paid During Month 

Exempt 
Non-Exempt 

Total 

Participation in Employee 
Benefit Plans at Month End 

Pension Plan 
Insurance Plan 

Personal Coverage 
Dependent Coverage 

U.S. Savings Bonds 
Stock Bonus Plan 
Savings Plan' 
Savings & Security Plan 

Good Neighbor Fund 

Insurance Claims 

Employee Benefits 
Life Insurance 
Weekly Sickness & Accident 
Comurehensive Medical 

January 

$1 829 
LZ5 

$10 405 

$471 812 
341 381 

$813 193 

January Participation 
Number Percent 

1 161 98.9 

1 225 99.8 
822 - 

40.0 
8.2 

78 
99 

1 008 94.5 

68.1 819 - 
January 

Number AmOUXlt; - 
1 253 

94 8 195 

- $ 
12 

December 

$1 487 

$8 047" 

!is? 
- 

December ParticiFation 
Number Percent 

1 174 98.7 

1 225 99.8 
815 s 

78 500 3 
90 7.5 

1 015* 95.0 

December 
AmOUnt Xumber - - 

- 
1 511 12 

33 4 118 

$ 

Comprehensive 14edicdI 2 4 0 q 12 146 12 134 61 5 369 Depenaent Benefits 

- 
252 $21 582 106 $10 998 - - - - Total 

UNCLASSIFIED 
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INVENTIONS OR DISCOVERIES 

Hw-59099 

All persons engaged in work that might reasonably be expected to 

result in inventions or discoveries advise that, to the best of their knowledge 

and belief no inventions or discoveries were made in the course of their 

work during the period covered by this report except as listed below. Such 

persons further advise that, for the period therein covered by this report, 

notebook records, if any, kept in the course of their work have been 

examined for possible inventions or discoveries. 

INVENTOR 
~~ 

L. L. Ames, Jr. 

J. Dunn and R. J. Sloat 

TITLE OF INVENTION OR DISCOVERY 

Prevent ion of Deposition of Radioisotopes 
in Bone. 

Adj;rstable Delivery Powder Transfer 
Feed and Powder Lock. 

J. Dunn A Pamp for Metering Fluids, 

D. R. Kalkwarf Colorimetric Dosimeters for Ionizing 
Radiation. (HW- 58 923) 

A. R. Keene Radio Frequency Speed Indicator. 

W. E. Roake and J. L. Bates Fuel Element for Neutronic Reactors. 

E. A. Evans, W. E. Roake 
and D. W. Brite 

A Fxel Element for Neutronic Reactors 
and Method of Fuel Element Manufacture. 

J. C. Tobin and D. R. Green Nu11 Balance Gas Thermometer. 

UNCLASSIFIED 


