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L E G A L  NOTICE. 
This report was prepared as an account of Government sponsored work. Neither the United States, 

A. 

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

Makes any warranty or representation, expressed or implied, with respect to the accuracy, com- 
pleteness, or usefulness of the information contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, or for damages resulting from the use of 
any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 
tractor of the Commission, or employee of such controctor prepares, disseminates, or provides access to, 
any information pursuant to his employment or contract with the Commission, or his employment with 
such contractor. 
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October operating costs totaled $2,116,000; f i s c d  yeax-to-date costs are $8,209,000 
o r  3 l  percent of the $26,244,000 con t ro l  budget. 

W o r d  Labazatories research and developnawt costs for October compared with last 
math and control budget f o l l o w :  

Coat 

(Dollars i n  Thousande) Month Month To Date Budget-a) Spent 
7 Current La8 t FY e 

IPD Spanrored 
CPD Sponsored 

T o t a l  

l b  Reactor and Fuula 

Tho phrrse 1x1-A por t ion  of the PRTR ( r e m a i n i ~  construction i t s m e  not completed 
by ths Phase 1x1 contrsctbr or nu t  included i n  h i e  contract) being completed by 
the J.A. Jonea Canstructlon Company, C P F F  contractor to  the AEC, is estimated 
t o  be 80 gercent coaplate. Work wad delayed because o f  a two-week jurisdictional 
etrlks by pilpflttarr.  Pre-atartup t e a t i  have been p r f o m d  on the c o r n i c e -  
tfons rrod almma syita~u, We raw water and effluent systems, the heating and 
vcnrtlla.bion ryetam, unit motion Imta l le t ioa ,  a i r  sampling and building radiation 
systom, sad portion8 of the e lec t r i ca l  and urnunciator eyetern. 

Derign comgletioa of tho PRP Cri t ica l  Faci l i ty  I 8  ertlmrted at 95 percent vereur 
100 percent &cheduladh ~ ~ 8 i g n  compLetion o r  the PRTR ~ u p t u r r  LOOP ir about 47 
percent varrua 63 perusrat echeduled. 

Au Procerr Bpeoiiicatioata required f o r  the In%tial startup aad c r i t i c a l  testing 
o f  the PRTR h v o  bmen approved by the Btuetup Council. 

A d d i t l o l u l  calcul~t lorrr  for the PRTR rafogurrb srrrlyrir are proceeding in 
r e r p c t  to tbr Cri t ica l  Faci l i ty  and the Wr Loop. It wan found that containamtat 
wlQln tbr C r l t i c r l  FurUity can b prerorved for the cam of comphto coolant 
l o r e  to 8 iurl olemoot if the heat generation rat. of the fuel element i r  l u t e d  
to i i X  kilOWUttr. 



v i  EW-67254 

Satisfactory welds of beryllium caps t o  tube stock have been achieved using 
the magnetic force welder. 

Remote fabrication of a fue l  element behind shielding was successfully accomp- 
lished. Vibratory compaction and electrolyt ical ly  produced U02 were employed. 

Swaged U02 capsules have achieved an e s t imted  exposure of approximately 19,000 
MWD/T i n  the MTR/ETR without failure. 

L i t t l e  ac t iv i ty  was released t o  the coolant stream by a seven-rod swaged cluster  \ 
element defected w i t h  skx holes. 
Pralongea E% irradiation a t  high heat rates, a t  high and low temperatures, and 
wi th  reactor cycling was sa t i s fac tor i ly  achieved. 
decontamination after the test. The Irradiation in a Hanford reactor of defected' 
Zr-2 and Zr-4-clad sintered UOg continued w i t h  l i t t l e  o r  no evidence of ac t iv i ty  I 
release t o  the coolant. 

Two rods were of Z r - 4  and f ive  were of Zr-2 .  

The loop did not  require 

Gamma radiation a t  2-1/2 inches from a Pu-A1 fuel  core containing plutonium w i t h  
29 W/O Pu-240 was measured as eight to  ten times that from a similar core con- 
taining plutonium w i t h  f ive  percent Pu-240. 
from the high Pu-240 content material w a s  the same as that of low Pu-240 material 
a t  2-1/2 inches. 

A t  ten inches, the gamma radiation 

A seven-rod PRTR prototype Pu-A1 cluster  which operated f ive  months in  a high 
pressure, high temperature KER loop has been disassembled, examined, and found 
to be i n  good condition. 

A three-rod cluster  of three w/o PU-U successfully completed 34 effective f u l l  
power days i n  the ETB a t  a surface heat flux of 576,000 Btu/hr-ft2. 

It is believed tha t  new techniques have minimized density variatfons previously' 
found in  pre-welded cold swage compacted U02-Pu02 fuel rods. 
than 90 percent density are being analyzed to  precisely define the distribution 
of the plutonium content. 

Rods of  greater 

Pu02 produced from oxalate calcined a t  various temperatures remained as Fu02 
after sintering in  hydrogen a t  1100 C f o r  one hour. 
a t1500  C f o r  one hour showed partial reduction of Pu02 to  alpha and beta Pu203 
a t  the pellet surface. 

Similar material sintered 

PuOg pellets heated in  dry hydrogen fo r  75 hours a t  1750 C completely vanished. 
UOg and UO -20 w/o and 40 w/o PuO2 pellets flowed plast ical ly  while uo2-60 w/o 
and 80 w/o%02 pellets did not deform. 

Two sections of irradiated Zircaloy-2 pressure tubing removed from KER-1 were 
burst  a t  room temperature a t  16,500 ps i  and 17,000 ps i  Jnternal pressure, which 
compares w i t h  approximately 14,200 ps i  f o r  comparable unirradiated tubes. 

The first few NPR Zfrcaloy-2 process tubes fabricated by Harvey Aluminum are of  
excellent quality, based on nondestructive tests made a t  the vendor's plant. 

Stored energy in  CSF graphite irradiated a t  30 C to 10,500 MUD/AT has apparently 
saturated a t  647 calories/gram. 

I 

I 2 3 4  1 9 4  
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2. 

NPR inner elements prepared w i t h  an iron bearing braze material have been readied 
fo r  blTR i r radiat ion* 
material which melts a t  a lower temperature than Be-Zr.  

A KER tube/tube fie1 element successfully withstood 1790 WD/T irradiation in  
the ETR, 
ture was 580 C o  The test conditions were considerably more severe than those 
contemplated i n  IVPR. 

This test is  part  of  a program searching f o r  a braze 

The heat'flux w a s  1,300,000 Btu/hr-ft2, and the maximum fuel tempera- 

Technology fo r  crimping steel wear shoes t o  FTPR Zircaloy fue l  supports has been 
perfected, 
followed by attachment of all-steel  supports is also f u l l y  developed. 

Attachment of supports by welding Zircaloy studs t o  the jacket 

It has been shown t ha t  under very nominal stress (750 ps i )  that uranium metal 
w i l l  permanently s t ra in  approxhately 0.07 percent wi th  each temperature cycle 
between room temperature and 300 C. 

A new technique f o r  studying the s t ra in  distribution i n  fuel  cladding has been 
developed, 
are photo-engraved on the Zircaloy jacket furnishing a reference grid for  
measurement of s t ra in  after reactor testing, 

Twenty-two thousand f ive  hundred (22,500) squares per square inch 

Successful coextrusion of dual enrichment fuel stock w a s  accomplished. The 
specimens, however, did show excessive Zircaloy-uranium interf&ce roughness 
which can be corrected by the proper addustment of heat treatment variables. 

Additional data were obtained i n  the heat transfer laboratory which show that 
eccentric positioning of I&E fue l  elements within reactor process tubes can 
reduce significantly the heat generation rates a t  which boiling burnout occursI 

Testing work on the shielding properties of iron-serpentine concrete of two 
densit ies as a function of baking temperature is  complete. 
considering cost as w e l l  as shielding effectiveness, the lower density material 
appears to be superior, confirming previous predictions. The first known 
application of t h i s  concrete w f l l  be i n  the l"R f ront  and rear biological shields. 

On an overall  basis, 

ECCR graphite samples were i n  excellent condition after irradiation a t  about 700 
C for  four cycles i n  the (IETR, and w i l l  be re-inserted f o r  additional exposure. 
Length contraction in the direction perpendicular to  the extrusion axis w a s  about 
one-third that of CSF graphite control samples. 

SIC-coated graphite samples which had been irradiated to  3000 m / A T  a t  500 C, 
were exposed in a i r  fo r  approximately 500 hours a t  1000 C without indication 
of failure. . 

Chemical Research and Development 

Study of fission product release from heate 
specimens with a range of exposure from l$ to  l$ nvt. Evolution of noble 
gases is vi r tua l ly  100 percent complete when uranium having higher exposure is 
completely oxidized a t  the high ambient tempe atures. This extends and modifies 
earlier work w i t h  low exposure uranium (,ld.t; nvt) where it was found that some 
large fraction of the noble gases remained wi th  the transformed uranium oxide. 

lrradi ted uranium now includes t 8 

I 2 3 4  1 9 5  
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High level waste fixation work continues on simulated feeds in batch, fluid 
bed, and radiant heat spray calciner tests. Overall de-entrainment for the 
fluid bed unit utilizing steam was determined to be greater than 10,000. 
de Graaff irradiation of calcined products showed sulfate and phosphate matrix 
solids to be reasonably stable. Nitrate salts, as expected, evolved large 
volumes of gas. 

Van 

Bot% research and development activity on strontium-90 recovery was intensive 
during the month. 
barium concentration to be gratifyingly low and the calcium to strontium ratio 
to be favorable. 
solution is low, the isotopic analysis was 57 percent strontium-90 compared to 
the theoretical 62 percent for pure fission product material. 
and purify the plant crude solution, the A-Cell in the High Level Radiochemistry 
Facility was outfitted with ion exchange columns and accessory equipment to 
al low shakedown tests before purification runs begin in December. 
this effort, the Hot Semiworks is being prepared for solvent extraction recovery 
and purification of strontium to begin early in the Spring. 
di-2 ethyl-hexyl phosphoric acid (D2EHPA) was utilized in pilot mini-mixer 
settler studies to establish optimum chemistry for feeds typical of the Purex 
crude solutions. Some study is reported also on filtration of strontium pre- 
cipitates likely to be used as purified products for shipment offsite. 

A precise analytical method was developed to determine strontium at very low 
concentrations in the presence of lead and zirconium. The scheme uses X-ray 
emission technique and is capeble of determining strontium within f 5 percent 
at concentration ranges down to 10 ppm. 

Analysis of Purex strontium-90 rich crude solution showed 

Although the absolute strontium-90 concentration in the plant 

To concentrate 

Paralleling 

The solvent, 

Salt Cycle research and developarent continues and work during the month was 
done to explore lower mlting salt media which might be applicable to the s y s t - 3  
chemistry. 
f h i d  in the range 450-500 C and satisfactory U02 electrodeposition was demon- 
strated in this temperature range, A pilot-scale Salt Cycle system was set up 
and several batches of U02 were produced. 
pilot scale material were encouragingly low with one 25 pound batch at 2.015. 
Electrodeposition in the larger scale equipment proceeded well. 

Potassium chloride-lead chloride eutectic mixtures are adequately 

Oxygen to uranium ratios for the 

Arrangements were made and so i l  samples shipped to the University of California 
where tests are in progress to determine the capillary conductivity and relat- 
ionship between misture content and capillary pressure, This work relates to 
a better fundamental. understanding of waste disposal to ground. 

A method of absorblag ruthenium on a mineral bed was reported. 
involves the generation of hematite (Fe203) on a calcite bed and may present an 
effective way of decontaminating aqueous solutions containing radioruthenium. 

The system 

A cooperative program with the Pharmacology.Operation to further examine erio- 
glaucine as a chemical protective agent was scaled to include dogs as test 
animals. This work w i l l  extend results beyond earlier tests utilizing rats. 
The 
for 
few 

persistence of blue coloration in dogs injected with erioglaucine lasts 
several days compared with rats wherein the coloration disappeared in a 
hours e 

1 2 3 4 1 9 b  
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3. 

I 

physics and Instrument Research and Development 

In the FER program, apparent disagreements between various measurements of the 
physics parameters have been reconciled and a memorandum recording the results 
was sent to'IPD. Possible eventual need f o r  additional enrichment t o  achieve 
the f u l l  production capability of the reactor is  being evaluated by them. 
while, technical planning progressed on an experiment to determine the  e f fec t  
of moderator temperature on the react ivi ty-  Also, assistance was provided 
i n  the design of the primary loop by simulation of temperature and flow behavior 
on one analog computer. Planning was started for simulation of the en t i re  
system as a training a id  f o r  NPF4 Operations. 

Other work i n  support of production reactors included collection of data and 
i n i t i a t i o n  of analog studies fo r  the development of automatic control and the 
continued effor t  a t  adapting existing computer codes for  loca l  application. 

Mean- 

The cask fo r  transfer of irradiated lypR fue l  elements w i l l  be safe from the 
nuclear standpoint because i t s  dimnsions l i m i t  the maximum number of elements 
that it can contain, according to  application of c r i t i c a l  mass data reported 
last month. 
on 3 percent enriched solutions and on improved correlation of calculation 
methods with previous plutonium solution experiments. 
b l i e s  can be sat isfactor i ly  handled by the methods tr ied,  reflected cases 
continue to give trouble. 

Other work in  the nuclear safety f i e l d  included continued experiments 

While unreflected assem- 

In the Plutonium Recycle Program, planning fo r  PRTR star tup continued with the 
issue of a revised schedule of c r i t i c a l  tests, completion of detailed procedures 
fo r  three of then, and f i n a l  checkouts of instrumentation and f o i l s  for  use in  
the tests. Work on computer code development continued w i t h  RBU and the cycle 
analysis code, LOLA, being in  the f i n a l  debugging stages. 
was a lso  made on the last ditch safety system f o r  the PRCF. 

Satisfactory progress 

Downwind dosage from a ground leve l  source of contamination can be estimated 
up t o  sixteen miles w i t h  50 percent accuracy from knowledge of wind speed and 
atmospheric s t a b i l i t y  alone according to analysis of atomspheric diffusion 
data previously obtained. 
conditions. 

These conclusions apply only fo r  stable atmospheric 

The cases of Ba-24 deposition previously reported are par t  of the regular 
pattern i n  which most 100 Area people show traces of the Isotope, according to  
further results obtained a t  the Whole Body Counter. 

Improvements i n  the convenience of alpha monitoring in  the 234-5 Building are 
promised by the use of miniature monitors, one of which i a  currently performing 
sa t i s fac tor i ly  i n  f ie ld  tests. 
radiation instrument developmnt including a miniature dose rate monitor and a 
high sens i t iv i ty  alpha air monitor. 

Satisfactory progress was also made i n  other 

I n  the basic data f ie ld ,  information continues t o  be obtained on the scattering 
of low energy neutrons from water and on the rate a t  which thermal neutrons 
achieve equilibrium while migrating through moderators a t  different  temperatures. 
M O  data on the fissioning of "non-fissionable" isotopes by low energy neutrons 
has been reviewed and organized f o r  presentation a t  a forthcoming American 
Physical Society meeting. 

2 3 4 1 9 1  
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4, Biology 

5 .  

Biological monitoring ac t iv i t i e s  
the safety of Hanford effluents,  
of 200 samples of waterfowl were 

markedly increased 
especially reactor 

to improve assessment of 
effluent.  Twelve percent 

s l igh t ly  above background contamination 

Aerial salmon surveys showed dams upstream from Hanford caused water level  
fluctuation tha t  destroyed two salmon-nesting areas. 

Columnaris infected f i s h  have been found in  large numbers in  an a r t i f ic ia l  
salmon spawning channel jus t  below McNary Dam, adding to  the evidence tha t  
Hanford is  not contributing to  the disease. 

The G I  absorption coefficient f o r  Np-237 was found to be 0.35 percent, which 
i s  greater than that fo r  plutonium, and significantly greater than the 0.01 
percent used by the I C R P .  

Programming 

The first draft of the AFWR study results w a s  prepared and ora l ly  presented to 
AEC Division of Reactor Development personnel on October 19, 1960. 

In order t o  provide a basis for more accurate control of decontamination in  
the separations processes, factors which influence t o t a l  gamma ac t iv i ty  of the 
feed were reviewed. It was shown tha t  more complete information on production 
efficiency would assist i n  achieving improved separations process control since 
the study showed tha t  a 40 percent variation i n  gamma ac t iv i ty  could resu l t  f o r  
ranges of production efficiency normally encountered* 

A laboratory course i n  Nuclear Engineering involving the use of an operable 
reactor is planned during 196l a t  the Center f o r  Graduate Study. 
analysis of the course requirements indicates the su i tab i l i ty  of HLO's Thermal 
Test Reactor. Administrative arrangements and integration of a similar course 
t o  be conducted a t  the University of Washington are under study i n  cooperation 
w i t h  university representativeso 

Preliminary 

Assistance was provided in  making arrangements for 3l. v i s i t s  involving 200 
persons including 18 persons from foreign countries. 
the v i s i t  of Dr. V.K. Moorthy of the Indian Atomic Energy Establishment, Mre 
I. Ishikawa, Commfssioner of the Japanese AEC, and the US-'UK Conference on 
U r a n i u m  Dioxide. 

Of s p e c i d  interest  was 

ZECHIOICAL AND OTHER SERVICES 

I n i t i a l  analyses performed on data from approximately 2000 fuel elements measured 
ucder the Quality Certification Program have yielded some very significant results. 
One report has been issued dealing w i t h  the relationship between warp and hot spots 
and pointing out d i s t i nc t  variations In "metal quality.n It is a lso  evident t ha t  
significant relationships will be found when dimensional i n s t a w l i t y  is  expressed 
as a function of reactor operating variables, 

A new and improved dose density relationshl, has been obtained to  relate film 
badge density readings to dose. The use of th i s  relationship w i l l  simplify 

1 2 3 4  1 9 8  
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calibration procedures and w i l l  enable the establishment of' a "standard cume" which, 
with some decrease in precision, can be used f o r  a l l  film badges in order t o  allow 
mcre rapid interpretation of results. 

A new method of completing a contour description so as t o  S8tfSfy certain "smooth- 
ness" c r i t e r i a  has been developed. 
Sehavior of an idealized epline. 
integrals it presents computational d i f f i cu l t i e s ,  

The method i s  based on the theory of the e l a s t i c  
Since i t ' involves the generous use of e l l i p t i c  

Work was begun on the construction of a simple l inear  kinetic m o d e l  t o  describe 
the behavior of radioiodine within the biological system. 
of the system have been written and the feas ib i l i ty  of an analogue computer system 
i s  being explored. 

The d i f fe ren t ia l  equations 

For the two-week period beginning September 26, R.L. Junkins served as a consultant 
fo r  the International Atomic Energy Agency (IAEA) i n  Vienna, Austria. 
t h i s  assignment, he assisted in  preparing papers for the Panel on "Radioactive Waste 
Disposal into Fresh Waters." 

mile on 

There was one new case of plutonium deposition confirmed in October. 
number of deposition cases that have occurred a t  HAP0 i s  260, of which l9O are 
currently employed, 

The t o t a l  

There are currently active proJects having combined authorized funds i n  the amount 
of $3.7,576,000. 
but s ix  (6)  of these projects are on or ahead of schedule and f ive  ( 5 )  are more 
than 3 percent behind schedule. 

Project CA-744, Metallurgical Development Facil i ty,  306 Building Addition, was 
completed during the month. 
authorized funds of $2,685,OOO. 
26 aonths. 

The total estimated cost  of these projects is $2l,l33,000. All 

The f i n a l  cost  w i l l  be within one percent of the 
Total elapsed time f o r  design and construction w a s  

Completion WBS on the schedule established in the basic directive. 

Two full length KPR process tubes were p i c u e d  and one w a s  autoclaved as a prelimin- 
ary evaluation of the pickling and autoclave process. Unfortunately, e r ra t ic  
autoclave operation did not permit final conclusions as t o  the success of the 
procedure e 

Microfilming of the Classified Fi les  document holdings began on October 3. 
1,52l documents have been microfilmd, which is  satisfactory progress. Fireproof 
cabinets f o r  storing the completed "jackets" have been received in 300 Area as has 
the Minnesota biining Reader-Printer. 
excellent reproductions from the microfilm. 

To date, 

Trial runs on the la t ter  are producing 

SUPPORTING FUIVCTIOAS 

Approvals received during the month from HOO-AEC included (1) O.J. Wick to  serve 
as a member  of the Review Committee for Metallurgical Engineering a t  AIL,  and 
(2)  W.L. Nicholson t o  teach a t  the University of I W o  during the period 9/1/60 
through 1/31/61 a 

Personnel forecasted f o r  the Mid-Year Budget Review indicate the same l eve l  a t  
year-end t h a t  is currently on the r o l l .  i Some reduction due t o  a t t r i t i o n  may have 
t o  take place if certain funding problems are not resolved. I 
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The general increase of 3 percent, effective October 3, 1960, t o  non-bargaining 
employees w i l l  increase our annual rate of  payroll by approximately $96,000. 

The inventory of moveable cataloged equipment i n  the custody of Radiation 
Protection Operation is  complete. 
of the inventory was physically located. 

A l l  of the equipment on record a t  the time 

As of October 9, 1960, the staff of the Hanford Laboratories totaled 1380 employees, 
including 662 exempt and 718 weekly salaried. 
degrees, including 341 B.S. ,  123 M.S., and 104 Ph.D. 

Of the to ta l ,  568 possess technical 

The medical treatment frequency fo r  October was 1.80 as compared with 1.21 f o r  the 
preceding month. 
the month. 
date to  28, compared with 40 fo r  the corresponding period las t  year. 

There were no disabling injur ies  o r  serious accidents during 
There were 4 security violations, bringing the t o t a l  fo r  the year t o  

Hanford Laboratories qualified fo r  the Manager's Safety Award on October 19, in  
recognition of 321 accident-free days. 

During October there were two v i s i t s  by Ph.D. candidates seeking employment, and 
an inexperienced &.D. theoretical  physicist reported f o r  work i n  Hanford Laboratories. 
Hanford Laboratories extended an offer  t o  an experienced Ph.D. chemist. 

Comuients from four HAP0 sc ien t i s t s  and engineers who participated i n  Ph.D. recruit-  
i n g  a t  four midwestern universities indicate tha t  greatly increased competition fo r  
top F%.D. graduates can be expected from acadenic inst i tut ions t h i s  year. 

Fall campua recruiting a t  the BS/M level  a t  15 colleges and universit ies i n  the 
West and Southwest has been completed. Offers are being extended to select  mid-year 
graduates fo r  the HAP0 Program, while d i rec t  placement candidates contacted are 
being invited fo r  HAP0 interviews. 

Three Technical Graduates were added to the r o l l s  including two members of the 
Compaay Engineering and Science Program, seven accepted permanent assignments includ- 
ing one Engineering and Science Program member, and one terminated f o r  military 
service 

The Company's s ta r t ing  rate structure for inexperienced Technical Graduates w i l l  be 
increased 2-1/2 percent over l a a t  year's rates. 

The recruiting booklet, "General Electr ic  a t  Hanford," was turned over t o  the 
Commercial A r t i s t  f o r  layout following completion of photography, copy and captions. 

Ray Watts spent several days i n  Schenectady reviewing the Creative Approach Seminar 
with Engineering Services people. 
fo r  a class  t o  be conducted f o r  Laboratories engineers and sc ien t i s t s  s ta r t ing  the 
lawer part of November. 

The course notes have been updated in  preparation 

There were 17 weekly salaried vacancies f i l l e d  during the month and 15  requisitions 

salaried vacancies existed. 
fo r  additional weekly salaried personnel 

Manager 
Hanford Laboratories 
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A .  FISSIONABLE MATERIALS - 29GC PROGRAM 

m i d i n g  of Zi=.calqy j s  SWaC,ad NPR Gas. 
vacuum-mealed Ziroalcy-2 C O ~ O E S  were exposed a t  400 C t o  a gas whose 
ar;alysia indica3e.l 99.49 H e ,  3.4s H2 and 0.2$ CO. 
p ~ s s u l z  started a? a b &  0,02 m, but rose t o  about one mm twice during 
tfie e q o s w  &L? ;f eqr; ip?~~zt  failure. 
CUhought ta be kybidi-g part of +Le time and protective part  of the ti=. 
The experisen5 is tc b$ zqeated; however, the data are of interest  be- 
c a i i e  FrotecfiGr was ackivred and i i t t l e  hydriding, other than corrosioc 
kydzogen, was c%serve?io 

A group of vapor-blastad, 

The H20 par t ia l  

Thus, the exposure was i n  gas 

T ~ E  ho7lrs 2 24 78 120 170 
35 45 100 115 
24 19 30 30 

Hydrogen Pickup, ppm 37 
$ Theoretical Corrcsion H 146 

Wear af WrcsL23-2 k7 GzsThite. 
on autoclaved Z i r c d ~ y - 2  t o  graphite under conditians of sliding fric5ion 

"he w e a r  resistance of the oxide fi lm 

-as deteriniced ila a skirring a%%oclave. A stationary reactcr-grade 
graphite rod  a s  &md t~ w e % r  on a rotating pre-autoclmed Zircd-oy-2 
disc  w i t 5  a coxac t  pzeas-ire c;f 45 psi .  The teaperatwe w a s  maintained 
at, 3OQ C? azd tkp atnwsplzem was commercial-purity argor. 
speed of :Le 3isc w a s  7 C  rps, &ad the duration of the ruzl w a s  24 hours. 
!Et sckoclaved l i sc  appe-d t o  be in perfect condition at; the eEd of 
the FX. 

The rstasional 

Tkt. gr&@cite r c d  shcved no appreciable w e a r .  

A l & c x l s v b g  cf BezyXLPm-Brazcd Fuel Eements . 
fxel elemerst8 with Seryllim-brazed end closures have been autoclave- 

Two batches of f i f teen 

tested f o r  Fueis Dewel-qmrt Operation. 
au5oclaved f o r  43 horns in 30G C, 1500  ps i  water. 
tfiey were P&,%er a t o c l a - w i  ir 400 C,  l5GO ps i  sugerheated steam. 

Apprnxllnrately 93$ of tke weld areas were visibly gray a f t e r  the water 
cycle aad %%Ted white af?er the superheated steam cycle. %e white 
cxide did seem qu i te  aszerk; hawever, some white oxide w a s  removed 
by w9pi&g tk2 %kicksat deposits. 

Autoclavizg Conditizm. 
have been made 02 1" x 1" x G.Q3O" Zircaloy-2 coupons autoclaved for  
72 hours in 4% C skatic superheated steam. 
steam gezera~ed fro% water originally adjusted t o  pH 7, 8, 9, and 10 
with NaO9. 
s m a l l  decrease itl Hg pickup with increasing pH, up t o  pH 9 .  

These elements were etched and 
After inspection, 

bkasu-renents of weight gain and hydrogen pickup 

These tests were made in 

They have skrswr. a slight increase i n  weight gain and a 
No stains 
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were noted wltk pH's of from six t o  nine. 
pH 19 were stained, bu* weight da%a are riot yet available. 

Th samples autoclaved at  

Zircalcy-2 - Sheffield s e e 3  Galvanic Couples. 
of exposure ia 300 C, pH 10 watzr, Zircaloy-2 - Sheffield s t ee l  rods 
threaded together appear t,o show a s m a l l  galvanic corrosion effect .  
Although the effect  cannot be detected visually, a definite difference 
i n  weight gains is  detectable between the Wrcaloy-2 ami Sheffield 
steel couples and the uncotrpled control samples. The weight gains for  
the galvanic couples are 22.7 mg/& fo r  the Sheffield s t ee l  and 
21.6 mg/dm2 f o r  tke W s c d o y  as compared t.0 14.6 rag/& and 18.5 mg/dm2 
f o r  the respectim control samples. 

Following three months 

Radimta l lurgy  Laboratory Studies 

A few voids were fouod ia the uranium under the nickel diffusion barr ier  
of a hot pressed I&E aluminum clad element. 
ing of t h i s  elemct was mch be t te r  than the previous element examined 

The condition of the bond- 

(RM-705 1 - 
No positive indication of a leak w a s  found i n  examination of the end 
cap of the second thermocouple fuel  elem?nt. Further examination i s  
in progress ( ~ 5 p ) .  

High exposure uranium from the Swelling Program cracked severely during 
an 880 C anneal and disintegra3ed dtL-ir.g subsequen-5 handling. 
exgosure material, al30 annealed, i s  beiw replicated f o r  electron 
microscopy studies ( ~ 2 6 5 ) .  

The low 

Techniques f o r  e t c h h g  azd replicating s m a l l  special shaped ursnim 
specimens for metallography atudizs have tee= developed (RM-284). 

Wtallography revealed tha t  core netal in  the inner 3ube of an enriched 
KER tube-in-tube elellEIlt w a s  Sadly f ? w n k e d  asd that  additional crack- 
ing had probably occurred 13 t9s urmim aft;er discharge. However, the 
core t o  clad bond w a s  excelient (RM-569). 

Room temperature tens i le  teats  were cocducted and densities determined 
on four out of five thorizun-umcium sampled. 
completely oxidized during irradiation (RK5C8). 

The f i f t h  sample had been 

Results and interpr&a$ions of these e-Tations w i l l  be reported in 
more de t a i l  i . ~  comection with the resgective development programs 
served. 

Basic Metallurgy Studies 

Wchanical and Physical Prcperties of IMsterials. 
zirconium - 2 a/o niobium - 2 a/o tin alloy f o r  h e 1  element cladding 

The evaluation of 

applications I& contizued. 
material condition expecked 
elements have bees giveli t o  

Heat trea-nks designed t o  simulate the 
Fa the cladding of beta treated fuel  
~r - 2 a/o NII - 2 a/o sn ~ o y  specimens. 
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The heat treatmats consisted of oil quenching from 660 C ,  TOO C, 740 C, 
and 780 C a f t e r  a suitable holding time at temperature. 
attained a t  room temperature rauge from 86,700 p s i  t o  U.O,5OO psi;  a t  
300 C t ens i le  streIlgths range fram 57,000 t o  75,600 psi. The highest 
strengths correspond t o  highest temperature of quenching. 

Tensile strengths 

The study of the mechanisms of strengthening during heat t rea tmnt  of 
Zr - 2 a/o Nb - 2 a/o Sn is being carried out. lktallographic e-- 
ation has revealed a two-phase microstructure consisting of primary alpha 
and t r a P s f o m d  beta in alloy specimens quenched from 800 C and 925 C. 
T;-ansformed beta exis ts  alone a t  quenching temperatures above 950 C,  
while quenching temperatures below 775 C reveal an optically single phase 
structure. X-ray diffraction studies show that a l l  specimens contain two 
phases. The conibinations of tens i le  strength and duct i l i ty  attainable i n  
this a l l o y  depen4 upon the character and distribution of primary alpha, 
trassfonaed beta and in+ermetallic compounds. 

Corrosion studies are Seing carried out i n  680 F water and 750 F steam 
on alloy specimens i n  the above conditions of heat treatment. Ten-day 
weight gains i n  680 F water range from 30.0 mg/# f o r  material quenched 
from 660 C t o  50.1 mg/d& for material quenched from 780 C. 

ELectron and Optical Mcroscopx. 
teqperature monitors has been irradiated* a Snout Facil i ty.  
ing or discharging problems were experienced. Ihe f l u x  in the f a c i l i t y  
has been determined, and the ma~irmlmteqerature of specimens cantained 
i n  a capsule has been established t o  be less than 100 C.  
tional capsules have been submi%ted for  charging in the f a c i l i t y .  
capsules contain bulk and pre-thinned f o i l s  and electron microscopy 
tens i le  specimens of annealed and cold worked, high purity aluminum. 
They w i l l  be irradiated t o  various exposums t o  establish radiation 
damage lnechanisms i n  aluminum. 
and s t ee l  f o i l s  thin enough fo r  trammission electron microscopy has 
continued. Reasaable success has been achieved. Foils of Zircaloy-2 
rapidly oxidize during examination in the Philips 100 B electron micro- 
scope. From observations on only s re lat ively few f o i l s  of Wrcaloy-2, 
it would appear that a finely dispersed second phase o r  precipitate is 
present. The par t ic les  are rod shaped with a disnreter of approximately 
400 A and a length of approximtely 1000 A. 
Sem&ian w i l l  be checked in  additional. foils of zirconium and Urcaloy-2. 

A prototype capsule containing flux and 
No charg- 

Eighteen addi- 
The 

The preparation of Zircaloy-2, nickel 

The vslfdity of this ob- 

Attnmn+.s t o  prepare m e t a l l i c  films of uranium by electron beam evapora- 
t ion  techniques have not been successful. A 10 w/o U-W U c y  has been 
used as a source material, and the evaporated layer has been collected 
on a carbon substrate as a free surface snd has also been sandwiched 
between carbon and W q .  Other nretall ic sandwich layers w i l l  be used 
with the evaporated 10 w/o U-Pd al loy .  
niques t o  the preparation of thin metallic uranium films Ku1 be eval- 
uated. 

The app1icabilj;ty of these tech- 

Experiments on the collection of material from a V@ film onto carbon 
films small  distances f ramthe U@ during irradiation are being 

< 
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per fomd.  
a i r  envirQllllke=lt9 tize material deposited on the collector i s  in  the form 
sf smBu part ic les ,  approximately 400 A i n  diameter. 
f i c i ea t  mterial is present fo r  conducting electron diffraction analysis, 
gamma ray spectr0ndx-y indicates that t y p i c a l  f iss ion products 
preseat. 
(the-), par t ic les  on the collector were identified in evacuated cap- 
sules as being UOp, and large rosettes in a i r  f l U e d  capsules were 
identified by electron diffract ion as U3@. 
4 x 1019 nvt (thermal), converts the material m the collector into 
deEse, rctlllded par t ic les  and filarPents which do not yield an electron 
diffraction pattern. Since the amount of f iss ion product ac t iv i ty  on 
$he collector increases u i th  bcreasing exposure and the ac t iv i ty  on 
the c u e c t o r  is Fndependect of the environment, a i r  or  vacuum, it must 
be concluded that  (1) sublimation of U@ from U@ films occurs during 
thermal z e u t m  b o m b h n t  in vacuum, and (2) similar sublimation 
occurs d-cing irradLa+,ion ~LI an sir env i romnt ,  but the species is 
coaverted t o  U308 gr io r  t o ,  during, or a f t e r  the stlblinrrtion. 
the vapor pzessure of TJ@ and U3w are not identical, the sublimation 
rates  shauld d i f f e r  and yizlll afferezl t  811y3uuts of deposits during 
equivalent exposures. 
the source U@ film i s  not converted t o  U3@ during a i r  environment 
irradiatiocs,  it can be concluded that a major mechanism f o r  transport 
of material is  sublimation of U@, and that the energy required t o  
aublime Uq2 mlecules is supplied by the individual f iss ion even*s. 
During a i r  i r r a d i a t i o o s ,  oxidation of the Uo;1 sublimate occurs during 
and/or m e r  subiimtion has occurred. 

Irradiation and subsequent electron microscape examination of multiple 
films containing fissionable U@ has contbued. 
t ra jec tc r ies  are seen by virtue of a depletion of scatteriag material 
i n  the vicini ty  of a f i ss ion  path, exper-nts were conducted i n  which 
the fissionable material had no free surface. Evapo ted films of the 
form C-U@-X were irradiated t o  exposures of 2 x Id. nvt (thermal), 
where X w a s  AI., &, G e ,  C, azd WO3. In alJ. inatances, f i s s ion  fragment 
tracks could be seen, Sut t h e i r  contrast, shapes, and uniformity varied 
markedly. 
dazmge, and in an i r regular  way. 
ment large isdated areas, four times the normal area associated with the 
damage r e g i a  of a f iss ion fzagment, form in the Pt milti-layered films. 
&my tracks which appeared in the multiple layered films show discrete 
c i r cu la r  regions depleted in  material (partial holes), and many tracks 
exhibit a short lsngth of high Oepletion of material (possible or igin 
of the f iss ion fragments). A general conclusion covering the useful- 
ne89 of free surface U@ films versus internal free surface U& f i l m  
i r radiat ions is premature. 

After ex-poaures up t o  4 x 1G8 nvt ei ther  a vacuum or  

Although insuf- 

=% It should be recalled that a f t e r  an exposure of 4 x l& nvt 

A higher exposure, 

Since 

Since tfiis is apparently not the case, and since 

Since f iss ion fragment 

r 
The p la t immlayer  ampears t o  have suffered the greatest 

Along the path of the f i ss ion  frag- 

X-Ray Diffraction Studies. 
with various fabrication and heat treatment his tor ies  is being determined 
by various mthods . SmaU u m a i u m  bullets 0.2 inch in d i m t e r  have been 
machined fram a por%ian of uranium tubing (FPD extrusion No. 7) .  
plete  pole figure determinations of (llO), (XU), (02l), and (020) were 

Orientation of extruded uranium rods and tubes 

a .  

Com- 
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made using on ly  one bullet. 
sample provide a complete description of orientation in extruded uranium. 
when accurate texture information is needed, this mthod is to be pre- 
ferred over the method of growth indices. A duplex texture with strong 
110 orientation perpendicular to the extrusion direction is indicated 
by the pole figures. 
direction, a b-axis texture in the radial direction, and an a-axis is 
approximately 200 to the extnrsion direction. 
texture parallel to the tube surface is inferred from the data. 

These pole figures determined from one 

A strong c-axis texture exists in the tangential 

A 130 recrystallization 

Line broadening data for cold worked molybdenum have been collected for 
the 110, 200, 112, 220, 400, and 224 diffraction peaks of sapples cold 
rolled lo$, 20$, 3 6 ,  and 4 6 .  Some data have also been gathered for a 
partially annealed sanple, and for a w e s  rolled to 66 and go$ re- 
duction. Fourier coefficients have been computed for the 110, 200, and 
400 lines. mese coefficients are being separated into particle size 
and strain broadening coefficients. The strains appear to be uniform 
over distances of 20 t o  60 A for the rolled specilllens. 
partially annealed sample extend over approximately 40 A. 

Strains in the 

The strain behavior at smaller distances cannot be satisfactorily mea- 
sured since it depends upon coefficients which, became of termination 
emrs, am least reliable. These errors are due mainly to the diffi- 
culty in separating the long "tails" of the peaks from the background. 

hkta3lic Itel Development 

Tubular Furl Elements. 
were given a dusl cycle autoclave test to establish dad and end closure 
integrity. 
faSluwed by a @-hour, 400 C - 1500 psig steam test. Both cycles were 
under static conditions and a v i s u a l  inspection was made between cycles. 
The prixrary purpose of the water cycle is to detect surface contamina- 
tion such as iron or coppr inclusions. The steam cycle tests weld 
integrity and provides the necessary protective oxide film. !Be oxide 
film produced by the dual cycle is equivalent to that formed by the 
stan- 72-haur, 400 C - 1500 psig steam teat. 
following observations were made: 

Tubular components for Production Test IP-364A 

The dual cycle consisted of first a 72-hour, 300 C water test 

During the testing the 

I 2 3 [ 1 2 0 5  

1. 

2 .  

3. 

i 

Scratches made in the thin water cycle film did not heal 
during the steam cycle, resulting in white oxide formatian. 

White oxide formed around the base of the Zircaloy studs 
used for pinning of iron s w r t  rails. 
tian was attributed to the inability to coqdetely rinse 
the etch solution frombeneath the =tal flashing formed 
during projection welding. 

The oxide forma- 

One outer tube was autoclaved w i t h  the ironwpports 
attached. The supports were attached using a ''white glove" 
technique after the studded tube was etched. 
autoclaved satisfactorily with the iron supports &velaping 
a dull black oxide film. 

The piece 

D E  D 
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P=ducticm %st IIF-364A covers 
e lemnts  v i e  12$ Fe - 4$ Be -. 

the irradiation of KER size tube-in-tube 
84 2 - 2  a l l o y  brazed end closures.  Core 

material is ~ . 6 $  enriched 2 w/o Zr alloyed M u m .  

The twc NpEi Ma- tubular fuei elemnts  t o  t e s t  the effect  of radiation 
on tbe braze6 closure have been shipped t o  the KPR. 
d e s i w t e d  as GX-4-57, 58, w e r e  brazed with the 12 Fe + 4 Be + Zry-2 
braze U o y  sz?rl. w e r e  electron beam-welded. Specific power was calcu- 
lated at  105 kw/ft with a surface temperature of 93 C and a core tem- 
perature of 375 C. 

These elements, 

These elements will be examined a f t e r  one cycle of 
i m i a t i o n  in the MEI. 

Two KER -axUo-yed normal tube-tube elements are being prepared f o r  
irradiation i n  the 6x9 f a c i l i t y  of the ETR. 
test due t o  the high specific power of 300 kwyf't and the high temperature. 

This will be a very severe 

Two earicked KER 1.G Zr tube-tube elements have been prepared f o r  ir- 
radiation in  the 3x3 f a c i l i t y  of the ETR. 
cwpleted. 
braze a l l o y  and electron beam weld. 

Thirky sanplles of IQPR inner tube, extrusion 34 (20-mil inner and outer 
clad, 1.420'' OD, 0.513'' Ip), have been obtained for studies on the 
effects  of varinrs beta heat treatments on grain size and uniformity, 
grain orientation, and external dimensions. 

Calculations have not been 
These elements are closed with the 12 Fe + 4 Be + 2 4 - 2  

Metallog,raphy shows that in the as-extruded condition, the uranium has 
a thick band of lasge gcaina around the inner wall . .  '0e grain size 
decreases with increasing distance from the Inner w a l l  un t i l  a very 
f ine  grain stzuet-;ire is found ha3fway between the inner w a l l  and the 
outer w a U .  This fine grain s i z e  extends almost t o  the outer w a l l ,  
where a very narrow band of s l igh t ly  larger  gram appears. 
t o  produce a fuel element suitable f o r  irmdiaticm, a heat trea-t 
must be found which w i l l  Sreak up this structure t o  give a uniform 
grain size  and a random orientation. 
ent heaf, trea+,ments have been perfomd by using combinations of the 
following variables : 

In order 

Towrud this end, t h i r t y  differ-  

1. Beta tenrperatuze - 10 minutes at 6750 (Houghton 9 0  salt bath), 
705 and 730 C (Nusal salt bath). 

2. 

3 .  

Air delay before quenching - 10, 20, and 30 seconds. 

Quench media - o i l  ( H a u g h t o n  Quench "Go) a t  room temperature, 
hot water (75-80 C),  and luw teaperatme salt bath (Houghtan 
Draw Temp 275) at 250, 325, and 400 C. 

Heating and cooling curves have been obtained by recording taqperatures 
from C,hemcouples enibedded in the midwall of the samples. 
ra tes  f o r  the varioua heat t r ea tmnt s  have been calculated. 
raphy is  in  progress t o  determine the effect  of the various heat 
treatments on the grain size and uniformity, and samples are be- 

Cooling 
Bktallog- 

c 



sectfcned fr,: x-pay ciffz=c%m sVi2ies t o  Cee+,e,-e the degree of 
preferred xiansEl”iol?- ~oxifl-iq & f e r  neab t reaAzz5.  

The fabricaticc of fxl  eiemzxs from two FPD coe-xtruioos of 1.6$ 
enriched KER sizz a2gJ.e ~oiapozl~m f ~ e l  V&ea has bee2 completed. 
A selec+,ed ounker rjf the fkiahec?, elemnts,  tile cp5l”ating conditions 
of which - i  be prro$ot-Jpic& of NPR tube-tube geometry, aze t o  be 
loaded in-reactor early isl Navember. llhese ele;aen+a az‘e closed with 
Be-Zr sd5ectic k a z s  m$erial  and are supported by lcild s t ee l  rails 
fas+ened tc the fuel tu3e with Zircaloy-2 studs. 
been rejecfed at  vs,-ious a$eps in the processiGg 6se b e k g  examined 
both desL,,-uc$i~re~-~ awCestxcC,iveely t a  charac+&ziza the m t e r i a l  
and the ~ l e s e r ; t s  as m c t  as pcssi5le. 
i~c ln3e  exposue ia ex-reackr  -7 loop TO high tqera ture ,  high 
2 r e s s ~ ~  mkr  f x  t?.e Cctemlrrstim of lmg t a z  corrosion behavior. 

Pel tubes which have 

Nocdestxctive tes t ing will 

Conpaen* Fabrlea$,fon. 
press in the 306 B-iiil- t o  forwsrd-excYrude 3-l/2 ard 4-inch b i l l e t s .  

T x A i n g  has been se t  up in  the 70c - ta  vert ical  

Six bilLets &re 3accmsfzLu‘J extmded, consisti& of four sol id  copper 
b i l l e t s  a d  tifo composite urani-~in-Zircaloy-2 b E e t s .  

The two composite ’o ize ts  were oxtmded into mpR m e r  tube size 
(1.430 OD by 0.520 ID> a t  a ext,zLzsion ratio of 9.1 t o  1 t o  t e s t  the 
equipmrt fo? c m x t m i o n  work and t o  d e t , e m e  tae feas ib i l i t y  of 
coextruding at ~ G W  eartraion re t ios .  The zew NPR inner tube size 
could be e x b a e d  a t  ac exkusim r- t ic  cf approxirna+ely 12 t o  1. 
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The b i l l e t s  were preheated to 625 C and were extruded a t  a ram speed of 
30 inches per ;ninute. Subsequent metallographic examinations showed a 
very rough urauium/Zircaloy interface, especially a t  the inner w@. 
The clad thickness varied from 0.OU t o  0.029 with an average of 0.020 
inch. 
ment before f in i sh  machining, it apparently did not erase the effect of 
the large grains. 

Peel t e s t s  following the extrusion indicate that the Wrcaloy-2/uranium 
bond was of f a i r  t o  poor quality, although the interface appeared 
reasonably clean. 

The bhrk I1 %ongs for  crimping s tee l  wear shoes t o  1/4" wide Zircaloy-2 
supports have been fabricated, and the tooling fo r  forming the O.D3O" 
x 1/4" x 2" Zircaloy supports is  a lso  ready. The blanking and forming 
dies f o r  the s t ee l  shoe pre-forms are a b u t  85Q conglete and should be 
finished by Octobel: 28, 1960. 
tested t o  determine: 
(3) forces required to dislodge shoes, (4) scratching characteristics. 

Coextruded rods 0.600" diameter, having a 0.020" ~ i r c d a y - 2  cladding 
with a 0.026" simulated enriched layer of uranium direct ly  beneath the 
cladding, have been made. These rods were fabricated by casting the 
b i l l e t s  and coextruding the t r i p l e  beta quenched castings. Zirconium- 
uranium interface roughness measurements taken on three of the four 
extrusions, using two samples and ten readings from each sample, show 
a t o t a l  variation from peak t o  valley of 0.004" t o  0.008". It is be- 
lieved that improvements may be made in correcting the zirconium- 
Uranium interface roughness through changes in melting and fabricating 
techniques. These changes incorporate the use of arc melted uranium 
b i l l e t s  t o  be heat-treated and extruded into components f o r  final co- 
extrusion. The grain refining effect  of the additional working should 
reduce the roughness observed on the cast ,  heat treated,  and coextruded 
rods reported above. 

Although the uranium core had been given a t r i p l e  beta heat treat- 

The steel-covered supports are t o  be 
(1) load carrying capacity, (2) collapsed height, 

Test elements of HPR inner tube stock 1.430 OD x 0.520 ID with 0.040 
in& outer clad and 0.025 inch inner clad were processed for  a variable 
heat treatment t e s t  t o  be irradiated in  the KER loops. Twelve 18-inch 
long sections of FPD extrusion T-71 were processed through inspection, 
copper removal, and heat treatmeats in which heating and coaling c m s  
were obtained. A t  this point it was determined that excessively d i r ty  
clad-uranium interfaces had led ei ther  t o  spotty diffusion during heat 
treatment, o r  t o  physical separation of the outer clad during cooling. 
Nondestructive bond t e s t s  of the elemen38 indicated unbond condition 
fo r  a U  the test sections. Although the elements will not be used fo r  
irradiation tests, the heat treatment data obtained can be used t o  
advantage. 
replace these elements. 
1.263 OD x 0.433 ID with 0.035 t o  0.040 0 clad and 0.030 ID clad, are 
being used. 
extruded and heat-treated condition and appear satisfactory fo r  reactor 
use. 

Additional stock was obtained and is being processed t o  
FPD extrusions T-60 and T-61, NPR inner tube 

Sections of the material have been examined in the as- 
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Closure and Joining. 
conium production tes t  has been completed. 

The brazed XER tube-tube 1.6$ enriched, 2 w/o z i r -  
These fuel elements were 

brazed w i t h  an alloy composed of 12 Fe + 4 Be + 84 -02. A t o t a l  of 
seven acceptable tube-tube e l a n t s  were completed plus an additional 
four outer tubes which w i l l  be used as heater elements in another t e s t .  
Some di f f icu l ty  was encountered in brazing the outer tubes due t o  non- 
wetting of the uranium surf'ace. %is was overcome by heating t o  950 C 
snd holding f o r  90 seconds. 
mechaaicslLy forced down onto the uranium and the vacuum valve closed. 
After 60 seconds the chamber was back-filled with helium t o  atmospheric 
pressure. 
of a l l  voids with braze m e t a l .  
electron beam process. 
braze zone and a single pass weld made in this groove. 
the supports were welded onto the inner tubular elenrents and the pro- 
jections fo r  fastening the iron r a i l s  were welded onto the outer tubular 
elements. 
300 C water, then 48 hours i n  400 C steam. All of the elements passed 
the autoclave test. The iron-beryllium-Wrcalay braze develops a very 
dark autoclave film, s l igh t ly  duller than that obtained on Zircaloy-2, 
but much darker than that of the beryllium-zirconium braze U o y .  

After 45 seconds at temperature the cap was 

This operation insured seating of the cap and conqrlete f i l l ing  
A l l  of the elements w e r e  welded by the 

A 1/32" x 1/32" groove was machined around the 
After w e l d i n g ,  

The elenents were then dual cycle autoclaved f o r  72 hours in 

Two m w  brazing chambers are being designed. These chanbers w i l l  allow 
conqrlete investigation of all forms of braze closure that are nar kndvn. 
Also, a circui t  has been desieped t o  control the temperature of the 
brazing cycle. 
tained from Oregon Bktallurgical Corporation. 
below lo00 C, most of them below 900 C.  

Several of the alternate brazing a l l o y s  have been ob- 
These U o y s  all mlt  

These aJloys include the follatrFng: 

81.5 Zr + 17 Fe + 1.5 ~n 
84 Zr + 16 Fe 
83 Z r + l O F e + 5 S n  
84 Z r + 8 C r + 8 N i .  

bids have been fabricated which w i l l  a l l a r t h e  direct  shape c a s t a  of 
the various braze alloys. 
as soon as the effect  of carbon in  the braze alloy is determined. 

Feasibil i ty of t h i s  process will be determined 

Two uranium electrodes f o r  the arc m e l t  furnace are in the process of 
being fabricated frombar stock and from rod stock. 
been tack-welded by the TIG pr0ces.s i n  a i r  into a 7-rod cluster.  The 
bar stock has been laid brick fashion and welded full length by the 
electron beam vacuum process. 
t o  both electrcdes. 
IQ the = . m e l t  f'urnace f o r  operation and in the development of the weld- 
ing processes involved in fabricating and compoaiting electrodes of en- 
riched or special mster1aJ.s. 

The rod stock has 

Threaded adapters remain t o  be attached 
mese electrodes are intended f o r  use both in setting 

Use of steel supports on Zircaloy-clad fuel elements necessitates the 
development of j o in ing  methods f o r  these dissimilar materials. 
method, employing the resistance welded Zircaloy stud, has been applied 
t o  several l o t s  of elements. %e equipment has been modified t o  attach 

One such 
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both studs a t  once, thus reducing placement problems, and a t  the same 
t i m e  sgeeding up the process. 
used t o  attach Zircaloy supports. 

The saxe  msdifled equipmnt is being 

Another type of s tee l  support consists of a Zircaloy member w i t h  a 
crimped-on s t ee l  shoe. 
Wrcaloy supports. 

n e s e  are attached in the same manner a8 

A corrosion t e s t  is in progress in ELMO-7 loop on a simulated elemnt  
ha- four of each type of support. 

An inert stmaphere bot t le ,  now under construction in Technical Shops, 
is designed t o  eliminate the problem of atmosphere contamination of the 
f u e l  element closure welds when welded by the metallic iner t  gas process. 
The bot t le  w i l l  replace the present vacuum chamber, thus permitting more 
rspid welding of the fuel elements. 
now under inveetigatian 88 a method by which the final closure of the 
fuel elements can be made. 

The mtallic inert gas process is 

It had been experimentally determined previously that under the conditions 
used in forming the "Extrusion Closure" (715-730 C, -70 tsi,  -20 sec),  
copper bonds well t o  both uranium and Zircaloy; iron bonds w e l l  t o  ursnium; 
and nickel bonds w e l l  t o  zirconium. llhus, it appears t h a t . a  thin copper 
layer interposed between the uranium core and the Zircdoy cap, and ex- 
tm a short distance autvard between the annular cap and the jacket 
wsl ls  would  effect  a sound bond between all components. 
nickel-clad iron shim placed between cap and core, with the nickel extend- 
ing outward between cap and jacket w a l l s  should bond a l l  components soundly. 
Tools end techniques were developed for  n\RkinP copper cap faces, and ten 
copper-faced caps were prepared. These caps have been welded into the 
chemicslly milled ends of test specimens and the assemblies are t o  be put 
through the reminder of the extrusion-closure process during the coming 
week. These specimens are t o  be evsluated fo r  bond integri ty  by nretallo- 
graphic study and by high-temperature autoclaving of intentionally de- 
fected primary closures. 
nickel-clad iron facings fo r  more of the ZircaLoy caps, t o  make a similar 
t e s t  l o t  of specimens with iron-nickel interfaces f o r  evaluation. 

Similarly, a 

Work has been s tar ted on the preparation of 

Allied Fuel Studies. 
resulted in fuel element failures. 
occuned with very l i t t l e  associated uniform elongation of the cladding 
material. 
predict the a b i l i t y  of varioue cladding thicknesses t o  resist Ate1 
laaterial expansions in  tubular fuel elements. 
relations, nrethod of analpis, and computer programhave been obtained. 
!the computer program is being debugged. 

Localized s tmining in Wrcaloy-clad uranium has 
The localized p las t ic  straining 

A model fo r  the fuel element has been formulated which should 

The necessary mathematical 

Constant load tests are in progress on uranium samples undergoFng lazge 
temperature cycles ('Y 300 C ) .  
and cycled between 155-435 C has been completed. After 19 cycles, 1.555 
s t r a in  occurred. A 
t e s t  on a specimen loaded t o  lo00 ps i  and cycled between 150-435 C is  i n  

A test on a specimen loaded t o  750 psi  

The mean s t r a in  per cycle was approximately 0.m. 

- i 
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progress. 
approximately 0.085. 

Several types of material have been brazed with the 12 Fe + 4 Be + 84 “7-2 
braee alloy f o r  exposure t o  decantamination solutions. This material in- 
cludes both KER size mckup tube-tube elements with brazed and welded end 
closures and brazed Zircaloy-2 corrosion coupons. 
autoclaved f o r  48 hours a t  400 C. The specinens w i l l  be exposed t o  up t o  
four decontamination cycles t o  determine the effect  of the decontamination 
solutions on the brazing alloy. 

The i n i t i a l  data indicate that the man s t ra in  per cycle is 

It has now been s t e m  

Two NPFl inner tubular elements brazed w i t h  the 5 w/o Be + 95 w/o Zr-2 
braze alloy were p l aced in  the ELMO-7 thermal cycling f a c i l i t y .  
pieces have p r a t e d  successfully through several cycles from 300 C t o  20 C. 

These 

The radiomtallurgy examination of the second thermocoupled fuel element 
has been completed. The s ta inless  steel-to-Zirc4oy-2 braze jo in ts  were 
examined and the braze layer i n  each joint  was found t o  be free of cracks 
o r  voids which could have admitted water. So= voids were found in the 
braze layer of one of the three joints ,  but the voids ended in sound braze 
material and did not penetrate into the in te r ior  of the joint .  A th i rd  
themcarpled fuel rod has been coqle ted  and is ready t o  be shipped t o  
the reactor.  

Ductile cladding failures of Zircaloy-2 clad uranium rods and tubes have 
occurred i n  high exposure NaK capsule and high temperature recirculating 
water loop irradiations.  
mechanism was apparently operating in  all the cladding fai lures .  

From the appearance of the fai lures ,  the same 

Exnminntion of three a d d i t i d  Zr-2 clsd fuel rods irradiated in  NaK 
capsule t o  1100 MJD/T has been started in the RadioIPetUurgy Operation. 
It i s  of interest  t o  know if any evidence of the clad thinning o r  necking, 
as observed in  the previously mentioned higher exposure irradiations,  can 
be seen in  these elements. 

To establish further the effects of cladding thickuess variations on the 
susceptibil i ty t o  failure, a ser ies  of NfiK capsule irradiations of Zry-2 
clad fue l  rods is planned fo r  the Hanford reactors. Tbis experiment 
WFIl use fuel rods with cladding th i chesses  of 0.030 and 0.040-inch 
w i t h  s t r ia t ions  machined in the outer surface of the cladding. 
surface temperatures of 240, 280, and 320 C are t o  be investigated. 
cladding surfaces and thiclmesses w i l l  be carefully pre-characterized 
before irradiation. 
assemblies is complete. 
extrusions has been started. 
trusion are now camplete. 

Cladding 
The 

CaLculations and designs for  the experimezltal 
Melting and cast ing of the fuel b i l l e t s  f o r  the 

The other components fo r  the fue l  rod ex- 

Two improvements in steel self-supports were made during the report period. 
The first was ser ies  welding of two Zircsloy-2 attachment studs instead 
of one-at-a-tim welding. 
aperation attaches two studs and the necessary accurate stud Spscing i s  

The advantage in the new method is  that one 

L. 
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b u i l t  into the welding head. 
faced carbide tool ro ta t ing  a t  5000 r p m t o  upset the studs over the 
supports. 
upset a t  loads of 100 t o  200 pounds. 

One of the problems in the study of the effect  of biaxial i ty  of stresses 
on the necking and fracture of Zircalgr-2 cladding is  measurmnt of 
strain. A checkerboard pattern, 150 squsres t o  the inch, was photo- 
engraved on a piece of Zircaloy tubing, and the tubing was strained under 
a tangential t o  longitudinal s t ress  r a t io  of 1/2 (internal pressure only 
would have been a r a t io  of two). 
determined fromthe spacing of interference fringes produced when the 
or ig ina l  screen was placed over the strained specimen. 
pattern on another specimn withstood autoclave treatment, thus ind ica t ing  
that this technique could a lso  be used t o  study cladding s t ra in  in fue l  
elements caused by sweUing of the uranium. 

Fac i l i t i es  and Equipment. 
acterize the external surface of cylindrical fuel e lewnts .  Radial dis- 
placement and diameter readings are continuously recorded while the fuel 
element is rotated. 
this Illeseuremnt system. 

The second improvement was use of a f la t  

The f r i c t ion  heat and the rotary motion causes the studs t o  

The resulting strain ra t io  was easi ly  

The engraved 

bkasuring equipment haa been developed t o  char- 

KER t e s t  fuel elements are being characterized using 

2. 
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REACTOR PROGRAM 

C o o l a n t  Systems Developmnt 

Effect of Surface Treatlpent on Aluminum Corrosion. 
dumhlu~ll is greater f o r  samples e i ther  etched in H F - B N O ~  or  cleaned in 

I n i t i a l  corrosion of 

H3Poq-fla2Cr~~-HC2H302. 
tests were  sol id  dunmry fuel elements with C-64 al loy jackets. 
hours of exposure t o  130 C process water a t  20 gpm in a full scale p - o c . ~ ~ s  
tube, penetrations were 0.77. mil for  the etched sample and 0.27 mil f o r  the 
cleaned sample, compared with only 0.12 m i l  f o r  the autoclaved sample. 

Aluminum Alloy Developmt. Aluminum al loy c-810 ( A l ,  1 .0  N i ,  0.5 Fe, 
0.1 T i )  showed s l igh t ly  less corrosion than x-8001 alloy a f t e r  one month 
of exposure in 120 C process water a t  35 gpm flow in a full-scale ex- 
reactor process tube. Samples emp-loyed were sections of fuel-elemnt 
jackets mounted so that only outside surfaces were exposed. Total-pene- 
traticma af ter  one month were 2.7 mils f o r  c-810 alloy and 3.1 mils f o r  

Sakples employed in these ex-sac tor  mockup tube 
After 200 

X-8001 

CaUBtic Stress cracking . 
crevice coupon exposed f o r  four weeks a t  290 C in concentrated LiOH solu- 
t ion  (150 g/l). Brtensive hydriding had occurred and was estimsted at 
200 t o  400 ppm from photomicrographs. A weight gain of 230 -/am? was 
obtained, and the coupon was observed t o  be covered with a heavy film of 
white oxide. The test was repeated and similar data were obtained after 
two weeks. No untaward corrosion occurred on stressed 304 stainless s tee l .  

Barninertion wag cowleted on a 2-2 stress- 

Another test is being perfomEd using 1 g/l L i O H  t o  determine the concen- 
t ra t ions at  which L i O H  solutions b e c m  corrosive t o  Zr-2. I 
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Fuel EleEnt  Rupture Tests i n  ELMO-4. 
w e r e  rupture tested ex-reactor in hot water at 300 C, 15 f p s ,  and 1700 ps i .  
The rods were all coextruded U-2-2 with an CiD of 0.59 inch and 6-1/4 
inches long. Four of the rods w e r e  used t o  determine the effect of carbon 
content in the uranium core: 
with 1675 ppm C.  
one hour, and by the end of four hours, the rods were c-etely ruptured 
over the ent i re  surface and almost all the uranium core had reacted with 
the water. 
a f t e r  one hour, and after four hours each rod had only four s m a l l  rupture 
mounds. 
t o  the low carbon content rods. 

A variety of pre-defected fuel rods 

two rods with 62 ppm C, and the other two 
The 62 ppm C rods developed several ruptured mounds a f t e r  

The 1675 ppm rods developed only one init ial  nrpture mund 

The high carbon content rods were superior in rupture performance 

Four rods containing 1.0 w/o Zr and 1.8 w/o Zr in the uranium core were 
tested a t  300 C. 
1/4 inch diameter raised and torn mound-after four hours. Ihe 1.8 w/o Z r  
alloy core pieces had only a l/8 inch raised area a f t e r  two b,?urs, but 
after four hours one of the rods had ruptured quite saatr ly  wlth a 1-3/4- 
inch long torn area. The other rod had a 1/2-inch raised m u d  which was 
torn open a t  the top rather than around the base of the mound. 

The 1.0 w/o Zr alloy core pieces exhibited only a single 

Four fuel rods were rupture-tested after being subjected t o  various beta 
heat t r ea tmnt s  as follows: 
(3)  water quenched 1/2 hour, (4) annealed at 500 C. 
f o r  four hours, the rods all appeared the same. 
and torn mound which originally developed during the first hour. 
loss mer four hours for  each rod was about 59 grams. 

Four other rods had Zr-2 clad thicknesses as follms: (1) 0.010 inch, 
(2) 0.015 inch, (3) 0.020 inch, and (4)  0.025 inch. 
for  one hour all four rods exhibited a s ing le  ruptured mound which de- 
veloped into about f ive t o  eight d s  after four hours. 
was not much visible difference, the 0.020 inch clad was s l igh t ly  bet ter  
than the other m e .  

(1) o i l  quenched, (2) 350 C lead-bath quench, 
After rupture testing 

Each had a single raised 
Weight 

After rupture testing 

Although there 

Two XER inner tubes of coextruded U-2-2 with hot-headed end closures were 
tested at 300 C,  1 5  fps, and 1700 psi .  
o f f  each tube, and after two hours the tubes were very severely ruptured. 
They were stuck in a =-size outer tube and had t o  be pounded before they 
could be removed. 
for  about 3-1/2 inches in  length. The raised areas were large and t y p i c u  
of the AlSi bonded ruptures. 

After one hour the end caps were 

Each was ruptured and swoUen over the ent i re  surface 

single Pass Decontamination Studies. 
tests have been made in  the 242-B Single Pass Decontamination Faci l i ty  
during the past month. 
three and six oz/gal. 
24 minute8, the material was moderately effective, but not nearly as 
effective as Wco-4306-B. 
factor  of approximately 100. 
t o  be the inhibited s u l f u r i c - a i c  mixture (0.w ~ s 0 4 ,  0.I.M H2C2O4, 0.0025 M 
phenyl thiourea). 

Several single-pass decontamination 

A new decontaminant , Turco-4306 C, was tested a t  
When enplayed at 66 C, six oz/gal concentration f o r  

However, the corrosion rates  were lower by a 
The most satisfactory decontaminant appears 
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Dissolution of Uranium Diaxide. 
a solution of 40 Wliter ma, 
Dissolution is gH dependent, 9.5 
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Further laboratory tests uere made using 
27 &liter Na2CO3, to dissolve U@. 
to 10 being the most effective range f o r  

the carbonate complex which is assumed to be fo-. 
tests shuw the uranium concentration in solutian was in excess of 10 gm/ 
liter, which is about three ti.m?s higher than attained with the usual 
H&-C03 solution. 

The feasibility of using this Kh04-carbonate solution to dissolve the U@ 
an8 then adding NaOH directly to this solution for the film conditioning 
step was investigated. The NaOH precipitated aut about 9% of the uranium 
probably as Na2U207. The use of Versene (EDTA) to prevent this precipita- 
tion was unsuccessful. However, it was determined that this precip-te 
-ins well susgended in solution, e .g., there was no significant settling 
after 30 minutes and less than lC$ after 9 minutes. Thus, draining and 
flushing the system should- remove the suspended uranium nearly as effec- 
tively as if it were in solution. 
dissolution step and the film-conditioning step during decontamination may 
prove feaaible. 

These additional 

Consequently, the combining of the U@ 

The solubility of this Precipitate in the final acid step of a decontamin- 
ation process was also investigated. 
dotte ll2, and Ammonium citrate at 60 C dissolved a l l  the precipitate 
(maximm U concentration tried was 7 dliter). 
at a 1 6  solution dissolved less than l$ of the precipitate. 
bicarbonate solution at pH 9.5 dissolved about 3 6  of the precipitate. 

Solutions ( 5 s )  of Turco 4518, W y a n -  

However, Turco 4512 even 
A carbonate- 

Cyclic Decontamination Tests. The CEPF4 Loop ha8 completed the fifth de- 
contamination cycle. 
contamination with Turco 4502 and Wyandotte l l l 2  fallowed by normal oper- 
ation at 300 C for one week. llre corrosion rates of the Zircaloy and 304 
stainless steel samples were a l l  l ow.  However, the csrbon steel corrosion 
was rather high. For the mechanically coupled (carbon steel to stainless 
steel) samples, the carbon steel corrosion after faur cycles was 0.79 mil. 

Each cycle consisted of a chemical cleaning or  de- 

There was no apparent corrosive attack on stainless steel whether it was 
coupled to carbon steel, Zircaloy-2, o r  uncoqled. 
to be corroded anly by ttre water at 300 C and is unaffected by these 
chemicals. 
the chaFacteristic pitting which occurs in the a 7 - e  permanganate pre- 
treatumnt . 

!Be Wrcaloy-2 appears 

The! Stellite allays 6 and 12 and Haynes alloy 41 exhibited 

Carbon steel samples in both the normalized a d  non-heat-treated f G r m s  
have shown s c m  pitting (galvanic w i t h  the stainless steel holder) and 
have a very roughened general surface appearance fmsl the chemicaf corro- 
sion. 
in the heat-affected zme near the weld, but this pitting is not extremely 
deep. 
the heat-treated samples (stress relieved at 1250 F for 2 hours, air at- 
mosphere) have shown no gross pitting hear the weld; but a knife-line or 
.Ar-line type of corrosion attack is quite noticeable adjacent to the 
veld on the carbon steel. 

B e  welded ssmples nan-heat-treated have Shawn indications of pitting 

Undercutting of the weld is questionable at this time. However, 

/ 
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Quachrom Glucosate Inhibitor Tests. 
f o r  sodium dichromate as a corrosion inhibitor in reactor process water 
could potentially reduce the concentration of chromium discharged t o  the 
Columbia River. 
of exposure appear very favorable. Aluminum alloy X-8001 corrosion ra tes  
a t  130 c i n  reactor process water (1.8 ppm N a 2 ~ ~ 0 7 ) ,  1.8 quachrom gluco- 
sate and 0.17 ppm quachrom glucosate are a J l  23 m i l s / y e a r .  The corrosion 
rates of aluminum a ~ o y  C-64 in ~IJ. three solutions are s l igh t ly  less .  
Since the radiation s t ab i l i t y  of quachrom glucosate is unlmown, plans are 
being made fo r  tests in a gamma p i t  and in-reactor. 

The substitution of quachrom glucosate 

The resul ts  of screening corrosion t e s t s  after 1300 hours 

Structural *terials Development 

B u r s t  Test of Irradiated KED Tube. 
Zircaloy-2 process tubing were burst-tested a t  roam temperature. 

Three sec t ims  of RER-1 irradiated 
me 

s m e  k . 8  selected from the front and rear quarter points and one from 
the center of the reactor. !The front quarter specimen burst at 16,500 ps i  
corresponding t o  a hoop stress of l27,OOO psi.  Corresponding data fo r  the 
rear quarter specimen were 17,000 and 128,ooO psi .  These data are compar- 
able t o  those obtained in previous burst tests on a ICER-2 irradiated tube. 
However ,  the center sample merely started leaking a f t e r  an application of 
about 5000 ps i  internal pressure. 
the length of the tube, which is suspected t o  have been caused i n  handling 
subsequent t o  removal of the tube from I& Reactor. 
under way t o  trace the source of t h i s  crack, and the t e s t  w i l l  be repeated 
with addacent samples from the tube. 

Post-examination revealed a crack 3/4 

An active program is 

I Zircaloy Tube Replacement. 
at  C Reactor are being ordered. 
smaller size smooth bore tubes f o r  C Reactor are essentially complete. 
Three vendors have demonstrated their ab i l i t y  t o  make this type of tube 
md at l ea s t  one additional vendor is expected t o  do so pr io r  t o  procure- 
ment of any large number of tubes. 

NPR Process Tubes. The fluorescent penetrant, immersed ultrasonic, and 
vidigage tests were placed in operation on the NPR process tubes a t  
Harvey Aluminum. 
associated with startup of a new f ac i l i t y ,  the equiplnent performed well. 
Results of tes t ing the f irst  few tubes revealed that the quality of the 
tubing was excellent. 

Wrcaloy-2 tubes needed f o r  the overbore t e s t  
m o t  l o t  production and delivery of the 

After the usual technical and operating d i f f icu l t ies  

Nanmetallic Mte r i a l s  Developn?nt 

Graphite Burnout Monitoring . 
t o  anibient DR Reactor atmsphere in process channel 25n-DR f o r  four months 
(June through September 1960) exhibited satisfactory weight losses ranging 
from about 0.2 t o  l.C$/lOOO operating days. 
the las t  three se t s  of samples exposed in process channel 19604 have s h m  
weight losses in excess of the allarable 2$/1OOO operating days. 
effor t  t o  determine whether the high burnout is localized in  channel 1960, 
two additional channels, 1889-C and 2780-c, were charged with monitoring 
samples on October 10, 1960. 

Graphite burnout samples which were exposed 

However, burnout data from 

In an 
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NF'R Reflector Graphite Irradiation. 
NPR reflector graphite continues to operate satisfactorily in the N-5 
corner position of the ETR. 
cycle and the temperatures of the four saxuple units are being controlled 
at 675 C, 700 C, and 725 C. 

The GEH-13-5 experiment containing 

It has been in the reactor for one operating 

Hot Capsule Irradiations. Six hot capsules have been prepared for irrad- 
iation in the G6 position of the ETR at1000 C. 'Ilhe irradiation effects 
of coke particle size and additive variations w i l l  be compared in experi- 
mental graphites prepared by Speer Carbon Company using Great Lakes needle 
coke. 
in duplicant sets of samples from rotary and vertically cucined cokes. 
Standard mixes of vertically calcined coke, with and without iron oxide 
added, were used in samples which w i l l  be used to determine whether the 
additive is as effective in reducing contraction -in needle coke graphite 
as previously observed in Texas Lockport and Sohio Lima coke graphites. 
Transverse and longitudinally cut samples of each variation, and CSF 
graphite standards, are included for the comparisons. 

Hanford Irradiations. 
annealed at 700 to 750 C were discharged after x-irradiation at 500 to 
600 C to an exposure of 600 EaJD/AT. 
annealing occurred 88 indicated by the following length change measurements : 

Particle sizes included are 60$ flour, SO$ f lou r  and standard m i x  

Three types of graphite irradiated at 30 C and 

A considerable amount of irradiation 

Amt. of Initial Ada. Amount 
Exposure $ L* Growth healed of Annealing by 

Graphite at 30 C after 309 Thermally at Irradiation at 
Type MWD/A!T Irradiation 700-750 C 500 c 

TSFBF 868 +0.52 5% - 4s 
Kc 1463 +1 .u 57% 43$ 
CSF 3089 +2.2 32% 3& 

*Length c u e ;  plus signs indicate expansion. 

The bitid. growth was f'ully annealed by thermal and high temperature 
irradiation in the lower exposure samples. Further irradiation annealing 
may be exgected in the more highly damaged CSF samples. 
in agreerpent w i t h  studies in which a thenaal anneal at 375 C was followed 
by irradiation at temperatures ranging from 335 to 400 C. 

These results are 

The samples have been charged for additional irradiaticm at 550 C to deter- 
mine what effect an initial low temperature irradiation may have on the 
long-term contraction rate at high temperature. 
tablish the validity of employins contractian rates obtained on graphite 
samples irradiated only at high temperature in predicting the stack dimen- 
si& changes in the old Elanford reactors with their varied temperature 
histories at law exposures. 

This study w i l l  help es- 

Stored Enera. 
reactor at 30 C. 
the rate accwnulation slows and has tended toward saturation in the 

Stored eEergy accumlates rapidly in samples exposed in- 
After accumulating several hundred calories per gram, 
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vicini ty  of 650 c~l/gm. &cremental exposures t o  demnstrate saturation 
have not been conclusive due t o  the slow ra te  of accumulation. Harever, 
the most recent value determined i s  647 2 2 cal/gm for a CSF sample ir- 
radiated at 30 C fo r  10,500 MD/AT, and it is now believed that t h i s  is 
close t o  a m i m u m  value of stored energy f o r  cold t e s t  hole irradiation 
of this material. 

Graphite Drying Studies. Transpiration rates  were observed f r o m  samples 
? NPR core and ref lector  materials. Solid cylinders, 2.0-inch long by 

u.426-inch diameter were vacuum impregnated w i t h  r a t e r  a t  room temperature. 
Linear weight loss ra tes  of 142 mg/hr t o  170 mg/hr were then observed ( a t  
room temperature) i n  a i r ,  fo r  about two hours in each case, followed by 
exponentially decreasing loss ra tes  t o  the original dry sample weights. 
This behavior is normal when compared with samples of CSF, CO, KC and SP-21 
graphite. 

Graphite CompatibiLity with He Containing 0.1 mm H20 Vapor. 
containing 0.1 IUCU H20 vapor pa r t i a l  pressure at atmospheric pressure was 

Tank He 

passed over a sample of NPR core graphite. 
through a t rap  of hot 0.1 turnings and then a t rap  of hot CuO turnings. 
&O concentration was determined by means 09 a Beckman ELectrolytic -0- 
mter. The graphite sample was a solid cylinder 0.43-inch diameter by two 
inches long, and i ts  weight loss wa8 followed by an Ainsworth semimicro- 
recording balance. The weight loss ra tes  and conditions of the experken? 
are shown below: 

NO. of rtuns ~emp.  (OC)  as F I . ~  (~=fh) w t  . LOSS Rate ( g / g  iir) 

'1zle He was cleaned by passing 

4 730 0.5 - 1.0 2.1 10-5 
2 m 0.5 - 1.0 3.4 x 10-5 
2 830 0.5 - 1.0 3.5 x 10-5 

1 730 2.0 - 3.0 2.3 10-5 
1 m 2.0 - 3.0 2.5 10-5 
1 830 2.0 - 3.0 2.8 10-5 

1 625 There was no masurable weight loss 
during 3 hours of the experiment. 

Further eqm-inmtts t o  show the effect  of equilibrium mixtures of BO, e, 
and CO and the effect  of gamma imadiation are i n  progress. 

Thermal lQvlra u l i c  Studies 

E q m d I m l t S  t o  Investigate the Effect of Eccentric Fuel Elemnts on Boiling 
Burnout. Fuel elements may be displaced from their noFmal position on the 
r ibs  of a process tube from a variety of causes. 
location of the fuel element w i U .  reduce the heat generation rate at which 
boiling burnout occurs. 
with boiling burnout may lead t o  fue l  element ruptures.  
therefore, t o  know how severely an eccentric positioning of a fuel element 
w i l l  reduce the boiling burnout heat flux. 

The resulting eccentric 

The high m e t a l  surface temperatures associated 
It is important, 

1 2 3 4 2 1 1  
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deternine the effect  of eccentricity on boiling 
was built  which approximates two feet  of the 
of I&E fuel  elements i n  a K process tube. The 

ver t ical  position of the heater rod within the process tube of t h i s  test 
section can be adjusted. 
t h i s  month with the top annular gap of 0.056 inch o r  5C$ eccentric. The 
resul ts  are presented below, together with data obtained and reported 
previously v i th  annular gaps of 0.113 and 0.028 inch, o r  0 and 75$ eccen- 
t r i c i t y .  

Three boiling burnout points were obtained 

Burnout 
Flow Temp. &/A B.O. Subcooling Eccentricity 

- g p m -  RUII. CF B/hr-fte OF 46 
1.0 x 106 24 0 
1.6 x io6 0 0 

1 22.3  196 
2 22.3 196 

0.47 x lo6 n 75 
35 7 5  

3 22.6 196 

5 23.0 191 0.83 x 10, 56 50 
6 23.5 191 0.81 x lo6 57 50 
7 22,8 223 0.74 x lo6 29 50  

6 4 23.1 233 0.47 x lo6 

These data show that an eccentric positioning of the fuel element w i l l  
reduce the boiling burnout heat generation significantly. 
of the boiling burnout heat flux is approximately direct ly  proportional 
t o  the degree of eccentricity over the range of conditions studied. For 
camparison the normal presenf maximum heat flux fromthe annular surface 
of an I&E element i n  K Reactor is about 515,000 B/hr-sq ft. 

The depression 

Experiments t o  Investigate the W h e n c e  of Boiling Length on Boilin& 
Burnou+,. An importan% question concerning boiling heat transfer i s  how 
great an effect-does the  boiling length have on burnout conditions. 
This is  especially true i n  horizontal flow channels where the steam and 
water tend t o  stratify. 
data regarding boiling burnout are obtained on test  sections of lengths 
different from the fuel elelllent under question. 

The question is  important since most experimental 

This effect  has been studied i n  the 1 8 9 - ~  heat t ransfer  laboratory by 
using two tes t  sections, each a horizontal pipe 0.435 inch i n  diamter 
with coolant f l o w  through the hole, but one 2-1/2 fee t  long and the other 
five feet long. 
t o  these test sections was so adjusted that boiling burnout data fo r  the 
two tes t  sections were obtained at  nearly identical  flows and outlet  
qwli t ier j .  B e  data w e r e  obtained a t  flow rates between 500,000 and 
2,000,000 lb/hr-sq f t ,  out le t  steam qual i t ies  of 26 t o  5 6  by weight, 
and a t  an out le t  pressure of 100 psia. 
fo r  these runs ranged between 350,000 and 2,000,000 B/hr sq ft. 

Fourteen additicrnal boiling burnout points w e r e  obtained during the month. 
mese cew data cohgimd t,he conclusions D r e v i u u s l y  reported tha t  boil- 

The inlet coolant enthalpy, i .e.,  temperature or  quality, 

The heat f lux at  boiling burnout 

burnout heat fluxes are 
qualit ies,  at  l e a s t  f o r  
suff ic ient  t o  establish 

dapendent p r h a r i i y  upon the flow rates and outlet  

the flow pattern and longer lengths w o u l d  not 
/ the conditions studied. ! b o  and a half fee t  is *.' 
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affect  boil- 3xr~-s.;CY c x . d i t i x s .  TZese ,-esults are important ia tha t  
they indicate the -saiiZi?y of lisizg icexpensive short test sections t o  
investigate h a t  xrms2c carli t ions for 1- horizontal fuel elem=%. 

Flow Qrifices f e r  Rar'omi PxCuctioc Reackors. 
currently in tke fringe zcms of the present production reactors w i l l  
soon be replaced with I&E (iptema3ly and extemaUy cooled) fuel elements. 
Since I&E fuel  eiemerzts have a l esser  flow resistance, the fringe tubes 
a t  be re-orificed t o  mi&aFn pmper reactor flatten-. 
pressure dmpa $kat m w  exist across the Hanford reactors, the use of I&E 
f i l  elements ir, tk.a f r i q e  tubes requires a very high pressure b o p  across 
the or i f ices  t J  es tab i i s t  tke proper flow through the tubes. 
there is a lMt EL% kc t w  m c h  pressure drop my be established &cross 
an or i f ice  witksut sztabing a cozlition of self-limiting o r  choking flaw 
which is  referred t o  as czi.t;ical f b w .  

%e solid fuel e lemats  

With the 

However, 

NoTmai operaTim in  o r  2 3 6 ~  a ccxi3ltioE of c r i t i c a l  flaw is avoided be- 
cause $3 ds 3; e m l d  resilt iz tke failure to obtain a Paneliit t r i p  i n  
the event of" a Y.Q$X.ZS 04 EE W e t  connector or  loss of a nczzle cap. 
This is sc because ULSC c-it ical  f l o w  occurs, the f l a w  is independexb of 
the pressure downstream cf the orifice.  
and associated change i n  Panellit pressure which would occur following a 
rupture of the inlet piping downstream of the orifice.  
panellit pressure may be insufficient t o  effect  a t r i p  and reactor power 
reduction. 
connector by ca-dt&i,icn a ~ d  vfbration. 

An experiraenCYal prograa was tkerefore undertaken t o  establish or i f ice  
assemlies t o  meet the needs of the t'risge tubes coctairFng I&E fel 
elemnts .  
c r i t i c a l  flow consL,ants fx a number of orifices,  using these rrew data 
together with or i f ice  calibration curves already determined t o  design 
potential  o r i f ice  asse&lies. 
reactor nee& is chrssen by reac$or personnel. 
selected assenibly are th2c 5asted in the laboratory t o  determFne the 
final cali3ratiori axd cr i%ical  f b w  characteristics. 

!5is limits the increase in flow 

The change i n  

F t i z t h e m ~ e ,  c r i t i c a l  flow could cause damage t o  the inlet 

W e  program consists of experimentally determinirig the 

me or i f ice  assembly best suited t o  
VeEdor prototypes of the 

The program has beeli completed f c r  the K Reactors. The new frir@;e zoae 
f l o w  rate, 34 gpm, is saarewbt greater than was desired, but flows xmich 
less than t h i s  c a ~ e z 6  3e obtainea w i t h a t  violati% the c r i t e r i a  estab- 
l ished by reactcr persome1 

The or i f ice  assemkly f o r  DR Reactor has been established. 
bration is  pending the  deiivery of production prOtotypeS. 
mental determinaticl: of c r i t i c a l  flow constants f o r  C Reactor or i f ice  
assemblies is ir progress. 

F i n d  C a l i -  
The ewer i -  

Shielding Studies 

Attenuatiori Wasurerm3lltJs. 
properties of irm-serpectine concrete as a function of density azld 

The testing work t o  evaJ.uate the shield- 

b& tenperatme is canplate. Ccncrete speci.mns with densities of 

1 2 3 4 2 1 9  



210 and 265 lb / f t3  were tested after baking a t  temperatures up t o  320 C .  
A t  elevated temperatures it w a s  found thak the lower density material is 
the better neutron shield because of higher retained hydrogen content. 
The 265 Ib/f t3  concrete is superior as a pure gamma shield because of i t s  
higher density. 
equally effective on a t o t a l  radiation dose basis. On an over-all basis, 
considering cos% as well as shielding effectiveness, the lower density 
material appears t o  be superior and shows considerable promise fo r  high 
temperature shielding applicatlans. 
of this concrete will be in  the NPR front and rear biological shields. 

Shielding Instruments. 
for calibration. 
instrument, was redesigned t o  eliminate the possibi l i ty  of contaminating 
the inside of the chambers. 

To t e s t  the neutron spectrometer under laboratory conditions, the Be9 
(d,n)@o reaction w i l l  be studied while the instrument i s  located at  the 
positive ion accelerator laboratory. 

The net result is  that the two concretes are about 

The first known large scUe applicasion 

All three Perlow neutron chambers are now ready 
The internal alpha source, which is used t o  check the 

B e  WEWONS - 3000 PROGRAM 
.. 

Research and developmnt in the f i e l d  of plutonium mete3 lu rgg  continued i n  
support of the W o r d  234-5 Building Operations and weapons development 
programs of the University of California Laurence Radiation Laboratory 
(Project Uhitney). 
dlstribu€lon lists appropriate t o  weapons development work. 

Details of these activities are reported separately via 
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". REACTOR DSVELOPMENT - 4000 PROGRAM 

1. PLuTmNM RECYCLE PROGRAM 

Plutonium Fuels Development 

PR!CR -1 Fabrication. 
power loading of PRTR continued. 
components of the remining 30 are i n  various stages of fabrication. 

Fabrication of 19-rod cluster Pu-AI. elements f o r  the 
Sir: of the assemblies are complete and 

The b i l l e t  casting rate  was increased 2546 by adding recycle scrap t o  the 
m l t i n g  f'urnace, thus cast ing more b i l l e t s  per m l t i n g  cycle. 
cycle scrap cons i s t s  of extrusion butts and cut pieces of cores which average 
25 percent of the original b i l l e t  weight. 

The re- 

Fabrication Development. 
compare the garma radiation from a fuel core containing 5 s  Pu-240 with a 
core containing 2 8 . 9  Pu-240. 
from 8 t o  10 tims tha t  of the luw Pu-240 core at a distance of 2-1/2 
inches. 
material t o  twice that of the 5% msterial, also w i t h  3O-mi l  unleaded rubber 
gloves. 
s a n ~  as that of 28.s msterial at 10 inches. 
absolute dose rates  are being conducted. 

Some very ppreliahary measurements were made t o  

!Be radiation from the high Pu-240 core was 

U s e  of 3 O - a  leaded gloves reduced gamma ac t iv i ty  from the 2 8 . 9  

Camma actiVity from 54 Pu-240 material a t  2-1/2 inches was the 
Film studies t o  determine 

The develogment of swage fabrication methods f o r  U@-Pu@ is  continuing. 
Four rods were loaded with Pu@ and fused Ue. 
different forms: as high sr;rface area parder and 88 a sol id  solution of 
10 w/o PuQin U% from crushed high density pel le ts .  
t o  0.5 w/o Pu% using each material, and two were loaded t o  2.0 w/o with 
each mix. Gamma absorg- 
tometer scans showed the density t o  be over gok theoretical  over the full 
active length of the rods. Be active length ws8 reduced by one inch a t  
e i the r  end by the addition of iner t  MgO end plugs. These rods are 
presently being machined t o  give three longitudinal seugles apiece. The 
f l a t  samples will be studied by microautoradiography t o  determine the dis- 
tr ibution of Pu atoms. 

The Puw was added in  two 

Two rods were loaded 

These were then reduced 42$ in area by swaging. 

A coextruded --size fuel rod w i t h  integral closures was produced using 
a contoured AI.-PU core and aluminum al loy cao. with a streamlined die of 
60° entrance angle. 
thickness of 0.065". 
reduction observed with 0.960'' 0 caxtrueions gerfonaed on another program. 
B e  combination of the core configuration and 600 die produced a core with 
a two-inch end effect  but no "dogbone". Moaification of the configuration 
Kill be necessary t o  reduce the end effect .  

The plutonium concentratian of injection cast  alloy (1.8 w/o Pu, 2 W/O N i ,  
Al) fuel cores was found t o  vary longitudinn'lry and radially. Because of 
radial segregation and the method of cutting analytical saq?les, it 
appeared that  the top section of the second casting contained 2 w/o Pu 

Radiographs of t h i s  element show a uniform can Wall, 
5 e  reduction r a t i o  was 20:l as conrpared t o  %he 1 

1 

I 
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while the bottom section contairzed less than 1 w/o Fu. 
same wafer from a su5sequent c a s t i w  assayed: 
respec t ix ly ,  iEdicating the possible extent of radial segregation and 
tha+, Mf-wafer  samples are not representative of cas t  cores. 

Two halves of the 
1.76 w/o and 2.07 w/o Pu, 

The l eas t  amount of longitudinal segregation was found in a casting which 
was mechanically s t i r r ed  in a i r  a t  800 C before injection: 
Pu (1/2 wafer samples). 
melted in vacuum and held a t  800 C fo r  tims from one minute t o  f i f teen  
minutes before casting. 
ye t  available. 

1.65 t o  1.94 w/o 
Since t h i s  run, four castings were made that were 

Data on Pu distribution in these castings is  not 

Qle aluminum alloy casting was made in which the core density was 97$ of 
theoretical .  This improvement was achieved by maintainbg the temperature 
of the inlet end of the tube above 650 C during casting and by slowing the 
iajection rate by a factor  of three. 

Fuel Evaluation. 
length of about 42 inches is  undergoing thermal cycling i n  the ETR 3x3 
loop. The element contains an Al - 2 N i  - 1.01 Pu alloy core in 35-mil 
w a l l  Zircaloy-4 tubing with a diametral gap of four  t o  six m i l s  which 
duplicates 88 closely as possible the elements being fabricated fo r  the 
RU!R power rm. 
cycling commenced, and 26 thermal cycles were completed as of 10/22/60. 
Seventy-two cycles are scheduled. 
the coolant tzmperat-ue Between 180 and 4-80 F a t  the ra te  of 5 F/min. 
core temperature consequently varies between 389 and 693 F. 
being operated a t  1050 p i g  which i s  PFtlT design pressure. 

Examination of the U@ - 5.67 a/o Pu@, zircaloy-clad capsule (GEH-14-89), 
which ruptured in the KEt a t  a heat f l u x  a factor of t en  above the designed 
value, has been ia i t ia ted .  Preliminary v i s u a l  inspection of the specimen 
disclosed tfiat the cladding had expanded 5-l@ in diameter unifonaly over 
the fuel core length. 
the rupture s i t e  (0.4" x 0.6" long hole) showed the cladding t o  be rela- 
t i ve ly  undisturbed Pjlcept f o r  the diameter increase. 

Examination of an Al - 1.8 w/o Pu, FWFR prototype, 7-rod cluster  w i t h  
Zircaloy-2 claddiag, s ta ia less  s t ee l  end fixtures, and quick-discomect 
end caps is currently under way at the Radiometallurgy Laboratory. 
c luster  was irradiated (IP-226A, Sup-p.B) i n  the KER Loop 1 Faci l i ty  i n  high 
pressure and temperature water. 
mans of the special end caps. 
t o  be in very good condition. 
rods indicate length changes on the order of 2 0.030 inch. 
points are on the end caps and are! 20.5 inches apart. 
masured t o  date, all but one lengthened. 

A prototypical 7-rod PRTR clus+,er with an over-all 

The element operated a t  s+,eady state f o r  three days before 

A thermal cycle consists of varying 
The 

The loop is 

A view o f t h e  claddiw surface on the side opposite 

Tbis 

The cluster  was eas i ly  disassenibled by 
The cluster and the individual rods appear 

InitiaL dimnsional measuremnts on the clad 
The measurement 

Of the five rods 

A Zircaloy-clad 3rd cluster  containing an Al - 3 w/o Pu U o y  fuel core 
has successf'ull.y conrpleted 34 effective f u l l  power days in the GEK-4 loop. 
The element agerated a t  a calculated surface heat f lux of 576,000 9tu/hr-ft2 
with a m a x i m u  core temgerature of 345 C. It was fabricated by simply J 

I 2 3 4 2 2 2  
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Faci l i t i es .  
obtain improved operability and safety. 
claves have been completed. 
is awaiting testing. 

The high pressure vertical. autoclaves have been modified t o  
. 

One has been placed in operation and the other 
The two 100-inch horizontal auto- 

slipping extruded cores into O.03O-Fnch thick Zircaloy cladding with a 
four t o  five-mil average dicunetral  gap. 
an average of 66.5 kw/ft which drapged t o  50 kw/f t  a t  the end of the 
34-day period; hovever, the paver generation dipped t o  47 kw/ft between 
25 and 30 days. 
reactor flux pateern which will be examined. 

In i t ia l ly ,  the elellwt generated 

This unexplained minimum could be associated w i t h  the 

The twelve Wrcaloy-clad capsules (1/2" dia. x 5" long) fo r  the Phoenix 
Reactivity Change Ekperirent have been fabricated and w i l l  now be auto- 
claved. 
generate 30 kw/ft in a flux of 2 x 1014 nv. 
which has 5.46, 13.13, 21.2, and 28.9 percent of the isotope Pu-240. 

the same i n i t i a l  power generation of 30 kw/ft. 
radiating the specimns and the Zircaloy latt ice sub-asseitibly f o r  makhng 
measurements in the Reactivity Measuring Faci l i ty  are being fabricated. 

Irradiation t e s t  proposals are being prepared f o r  presentation t o  the MLli. 
The objectives of the t e s t s  are t o  conduct in-reactor sinter- studies 
with plutonium and uranium oxides. 
more thorough understanding of the kinetics of in-reactor sintering and 
t o  determine the effect  of Pu@ additions on the irradiation s t ab i l i t y  of 
UO2. Portions of the work w i l l  be performed in the VH-4 Hydraulic Rabbit 
Faci l i ty  at  the MllR. The capsules w i l l  contain both law aad high density 
PUCS-U~~, and current plans are t o  vary the I J ~  content from o t o  ~co$. 
The-possibility of a joint i nad ia t ion  experiment Fn the NRX Hydraulic 
Rabbit Faci l i ty  a t  chslk River vas explored with J. L. Robertson on 
Septeniber 22-23, 1960, and is  currently under Consideration. 

A l l  specimens contain 811 Al-Pu fuel core which w i l l  i n i t i a l l y  
Thee each contain plutonium 

t o t a l  plutonium concentration varies from 2.80 t o  3.91 w/o PU t o  give 
sample holders for ir- 

An effort wlll be made t o  obtain a 

Improvements in decontamination techniques have made it necessary to add 
hot drain f a c i l i t i e s  t o  the open front hoods in Room 113. 
decontamination hood w i l l  be changed from static t o  f u l l  airflow for the 
same reason. 

Ihe ultrasonic 

A monorail type .hois t  frame has been fabricated t o  a l l a w  handling of the 
14" x 20" roll sets. 
is  hooded. 

Roll w i l l  be done by conveyor when the m i l l  

The 30 Irw vacuum furnace hood ha8 been activated. This is the f i r s t  hood 
with an airlock using the Fisher-Governor self-sensing ventilation valves 
t o  be activated. 
fac tor i ly  with ~3 apparent trouble as yet. 

The hood inert gae system has been activated and found t o  be plagued with 
valve tr-les. 
pendence w i l l  be placed on the valves. 

Hood snd airlock balance seem t o  be nmintained Satis- 

Ibdlficatians w i l l  be made t o  the system so that no de- 

I 2 3 1 1 2 2 3  
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The c r i t i c a l i t y  incideat d a r n  has been instal led but not tested.  
Arrangmnts will be made f o r  routine tes t ing of the system. 

Ventilation operational t e s t s  us ing  the various fan combinations have 
been made. 
emergency operational procedures. Several unsafe building conditions 
were found t o  exis t  when certain fan combinations were run. 

The object of these t e s t s  is t o  obtain data fo r  determining 

A parer evaluation study is under way t o  determine present building power 
loads and t o  serve as a basis fo r  future planning. 

The BET hood is presently being installed.  
begin the week of October 24. 
r ication of sample tubes and calibration ce l l s .  Calibration ce l l s  are 
needed t o  accurately measure the volumes of the injection valve tubes. 
These tubes provide a h o r n  volume of adsorbate gas fo r  comparison with 
the unknown volumes desorbed from specimns. 

Glass l ine  construction w i l l  
The sorptometer startup is awaiting fab- 

UOp Fuel Development 

Fabricat- Develapment . 
prepared from material produced in 19 .runs. 
were reduced t o  par t ic le  sizes l e s s  than 20 mesh t o  eliminate closed 
porosity. 
favorable packing properties was compared with a mixture of unsized -20 
mesh m t e r i a l  on the MEl C-50 shaker. Another similar mixture of unsized 

Composite nrkhres of electrodeposited U% were 
Large crystal  agglomerates 

A mixture having a par t ic le  size distribution selected for  

material 
shielded 

was remotely fabricated, usicg the Genisco-Savage vibrator in the 
f a c i l i t y  in the 327 Building. Densities achieved were as follows: 

Density Compsc t i on 
6 T.D. Eff icienc- 

Sized, C-50 86.4 88.3 
Unsized, (2-50 81.1 82.9 
Unsized, G S  79.3 81.1 

*Ratio of bulk density of colnpacted fuel t o  par t ic le  
density of the pawder employed tims 100. 

Three hat-swaged, Zircaloy-4 clad,  19-rod cluster  Ut& fuel elements are 
being fabricated fo r  the m. 
tubes were f i l l e d  with -65 mesh fused U@ and cold swaged t o  0.625" On,. 
The final swage pass was made at 850 C. 
hot swaging are being determined. 

Sixty 0.705" 0 x 0.035" w a l l  Zircaloy-4 

The densities of the rods a f t e r  

A corrosion rate greater than anticipated was encountered an Wrcaloy weld 
areas exposed t o  a ll00 psi  450 C autoclave t e s t .  
an samples welded in helium, air, and vacuum p d i a .  
satisfactory material was approximately 0.001 inch, determined by machining 
t o  various depths pr ior  t o  the autoclave t e s t .  
revealed that copper contamination from the col le t  electrode which gripped 

!Ibis corrosion existed 
Ihe depth of the un- 

Microscopic examination 
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the tube caused the corrosion. The q s e t  m e t a l  which was formed during 
the weld cannot be sheared but m u s t  be machined t o  a depth of 0.002 inch 
below the original surface t o  sa t i s fac tor i ly  remove all the cgpper con- 
tamination. 

Evaluation of the magnetic-force butt  welding process fo r  maJsir@ closures 
on 0.005", O.OlO", and 0.015" w a l l  thickness stainless s t ee l  tubing was 
continued. 
of the cap and the tube has produced satisfactory results with 0.015" 
thick tubing. The 0.010" wall. thickness tubing resulted in accordion 
collapse of the tube adjacent t o  the weld and the 0.00g" wall thickness 
tubing could zst be sat isfactor i ly  aligned vith the cap t o  provide the 
desired closure. 
t ions  . 

A closure design which provides a d i rec t ly  aligned butting 

Evaluation w i l l  continue with these thin w a l l  configara- 

A preliminary evaluation was performed t o  determine the f eas ib i l i t y  of 
welding beryllium fuel rod closures by the magnetic-force welding process. 
Tubing 1/2" dis .  x 0.040'' w a l l  and rod 1/2" diameter comercially pure 
beryllium was obtained fo r  the evaluation. 
vacuum with all fums being exhausted through a f i l ter .  
pressure of 10,000 psi was applied t o  the weld jo in t  pr ior  t o  application 
of the welding cur ren t .  Satisfactory closures were  obtained with eqyLva- 
l en t  heating occurring in both the cap snd the tube with a welding current 
of appracimtitely 50,000 anperes fo r  the 0.06 square inch weld area. A one 
cycle (1/60 sec) weld tim was employed, with a weld c u h n t  amplitude i n  
the first 112 cycle equivalent t o  95s of the weld current amplitude of the 
second 1/2 cycle. 

The weld was performed in a 
An i n i t i a l  

. The first remotely fabricated fuel e l e m t  of e lectrolyt ical ly  produced 
Uranium dioxide was completed in  the remote fabrication f ac i l i t y .  
uranium dioxide, produced via "Fused Salt Cycle" electrolysis by the 
Chemical Devtlogment and chemical Research Operatim, was vibrationally 
colapacted. The compaction e f f i c i e n c p  was 7 9 .  This first elenrent was 
a 5/8-inch dianreter Wrcaloy-2 tube, 10.5 inches long, containing ungraded 
-20 mesh uranium idoxide. 

The 

Loading, comgacting, and final closure by w e l d i n g  were a l l  accoqlished 
remotely proving the proced& for  satisfactory assembly of irradiated 
material 88 s o m  I F L ~  such material becomes available. 

Hot swaged Zircaloy-4 cladding specimens were analyzed t o  determine the 
extent of hydrogen and oxygen d i m i o n  i n t o  the cladding during hot 
swing.  
spectrochemically f o r  hytkogen and oxygen. 

Turnings from successive machine cuts w e r e  collected and analyzed 
Results are as follows: 

*Defined as the r a t i o  of the bulk density of t h o  coIIIpacted fuel t o  the 
par t ic le  density of the powder eqloyed times 100. 
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Section of Wall H2 Conc. 

on, - 0.002" 
0.002~~ - 0.006~~ 
0.006" - 0.ol.l" 
o . o W  - 0.016'~ 
0.023'~ - 0.927" 
0.027'~ - 0.030" 
0.030~' - 0.033" 
0.033" - ID 

!&e high concentration of hydrogen, garticul r l y  on the i q t  rnal surface, 
is  cause f o r  some concern. 
the tens i le  stmzngth and duc t i l i ty  of hot-swaged Zircaloy-4. 
these samples is currently in  progress. 
prepared and w i l l  be corrosion tested.  

Tensile specimens were prepared t o  determine 
Testing of 

Corrosion samples were also 

Corrosion Studies 

EXfect of H2 Pressure on Hydz iding of Zircaloy. 
effect  of H2 pressure a t  constant water vapor partial pressure on the hy- 
b i d i n g  of Zircsloy-2 i n  @-BO mixtures. 
reported la& month was repeated. 
samples were exposed at 400 C t o  5 IUD @ with 0.1 IUD S O  added. 
pickup data, together with tha t  reported last month, are: 

Work continued on the 

One segment of the experiment 
Four vapor-blasted, vacuum-annealed 

The H2 

Hydrogen Pickup, pp m 
T - ( m  - 6 - 24 48 6 9 - 120 - 144 - 234 

Experiment 1 335 535 345 645 585' 655 
(Reported l a s t  month ) 

Experiment 2 
(new data) 

Both experiments show the hydriding rate has been sharply inhibited d t e r  
the first few hours of exposure. 
s-le t o  sample t o  hide a slm hydriding ra te .  Attempts t o  go t o  higher 
H2 pressures fa i led  because the samples were destroyed i n  the f i r s t  hours 
of exposure before a protective film formed. 
are necessary t o  determine the pressure dependence of the reaction, a new 
experiment ha8 been s tar ted wing etched s w l e s .  ch t h i s  surf'ace a pro- 
tect ive oxide is  rapidly f o m d  by e 0  vapor, and it i s  hoped the amount, 
of H 2  picked up during the ear ly portion of the experimnt w i l l  be cut t o  
a few p p .  Short-term runs up t o  100 mm Q pressure have been completed 
without sample fai lure ,  but no data are available. 

However ,  there is  enough difference from 

Since higher pressure runs 

corrosion Product ogen Pickup in Sta t ic  and Refreshed Autoclaves. The 
m t  of corrosion product hydrogen pickup fo r  Zircaloy-2 and urcaloy-4 
is different when exposed t o  400 c steam 
systems. 

s t a t i c  and refreshed autoclave 
The corrosion product hydrogen pickup was approximately a factor  

of two higher i n  the s t a t i c  autoclave f o r  both Zircaloy-2 and Zircaloy-4- J 

1 2 3 1 1 2 2 b  
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The percent of theoretical  hydrogen pickup for  Zircaloy-2 was 33.s i n  the 
static system as compared t o  14s in the refreshed system. 
pickup f o r  Wrcaloy-4 was 20$ in  the s t a t i c  system as compared t o  l2$ in 
the refreshed system. Fromthe above resul ts  it appears that Wrcaloy-2 
is apparently more sensitive t o  hydrogen over-pressures. 

The hydrogen 

A further comparison of Wrcaloy-2 and Zircaloy-4 corrosion product hy- 
drogen pickup has been mm3e i n  300 C, gH10 water. 
water (0.1 ppm @) pikcup was about 8$ f o r  Zircaloy-2; harever, with three 
t o  four ppm oxygen, about l$. 
and 1'75, respectively, though there i s  considerable spread i n  the Zircaloy-4 
data. 

In low oxygen content 

For Zircaloy-4 the hydrogen pickup was U$ 

The contradictory nature of the hydrogen pic- data emphasizeethe need fo r  
data at other temgeratures and water qual i t ies .  

Aluminum Alloy Developnrent. 
t o  nickel r a t i o  l . 5 : l ,  but VaryinB t o t a l  al loy ing additions, are b e k g  
tes ted in 360 C deionized water. Alloys down t o  0.25s N i ,  0.37% Fe shav 
good corrosion characteristics in the short exposures obtained. 
with 0.1s Ps i ,  0.154 Fe fa i led  i n  ten days' autoclave time, thus approxi- 
mately establishing the lower limit for  good corrosion resistance. 

A ser ies  of high purity base a l l o y s  with iron 

An al loy 

Cooling rate data are being correlated w i t h  mtallography and corrosion 
behavior fo r  experinrental a l m i n u m  alloys. 
establish whether normal conrmercial casting practice can produce high 
purity base al loys of the desired corrosion behavior. 
tained f o r  high purity base alloys shav no evidence of super cooling. 

An al loy containing 1s m i  and g$ Si  which has been used by the Russians 
i n  high temperature water service has now been i n  t e s t  in 360 C deionized 
water f o r  approximately 4000 hours. It shars a m e t a l  Penetration of 6.23 
m i l s  as coIlrpsred with 5.85 m i l s  f o r  x-8001 tested a t  the same time. 

This program should help 

Cooling curves ob- 

The series of three "super" alloy compositions which WBB fabricated t o  
determine the consistency of fabrication of these alloys has now received 
4000 hours of exposure in 360 C deionized water. 
good with the lllaxlnnvnpenetration of any of the material at 0.53 mil. 

All malts still appear 

Heat Treatment of High Purity Ease Aluminum Alloys. A 1.85 Fe, 1.5s N i  
high purity base a l loy  has been held at  550 C f o r  f i v e  months. The four- 
month smples shared no evidence of deterioration of the corrosion re- 
sistance, but the five-month samples appear affected. 
corrosion data are available as yet. 

Zircaloy F'retting Corrosion. 
corrosion t e s t  a t  316 C and a pH of 10.0 (using LiOH) were removed for  
examination a f t e r  2390 hours of t o t a l  exposure. A dramatic change was 
observed campared t o  the 1690-~OU observstian. A t  that time, 5 t o  10 mils 
had been f re t ted  away on Zircaloy-2 mnibers exposed t o  a supplemntal v i -  
bration of three cps, and only approximately two m i l s  on the control 
specimens. 

Only ten-day 

The Zircaloy-2 sanples undergoing a fretting 

L/ A t  the last discharge, hawever, a penetration of about 40 mils 
L. 
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was observed on the control specimens and 7 t o  12 m i l s  on the ar t i f ' t cbs l ly  
vibrated specinens. About two weeks prior t o  the last discharge, removal 
of an adjacent concrete structure with jackhammers was started.  This in- 
creased vibration (8 hours/day) is  believed the cause of the drsmaticaUy 
increased fretting attack on the control samples. 
magnets used t o  vibrate the one se t  of specimens also served t o  dampen 
vibrations se t  up by the jackhnnmrr?rs, with the result that the control 
specimens suffered more f re t t ing  than those equipped w i t h  the solenoid 
vibrator. 

However, apparently the 

The test was terminated, but testing with larger  contact areas and with 
different msterials contacting the Zircaloy-2 w i l l  comnce  as soon as the 
f i l t e r  relpoval work is completed. 
He, water) and temperature w i l l ,  be studied. 

Also, the effects of env i romnt  ( a i r ,  

Structural M t e r i d s  Development 

PFlTFi Process Tube Monitoring. 
struction on a gamma radiation resis tant  TV camera have been sent out t o  
interested vendors. Bids are scheduled t o  be returned the first week of 
December. 

B i d  invitations f o r  the development and con- 

A Vidigage type ultrasonic Vall thickness measuring unit and accessory 
equipment has been ordered with delivery scheduled fo r  mid-Noveniber. 
equipment w i l l  be used f o r  prototypical testing of the transducer design 
an8 data-recording system. Two special transducer crystals,  and various 
types of epaxy potting comgounds used fo r  mounting the transducer c r y s t a l s  
have been received fo r  determination of the effects of gamma irradiation. 
Fabrication of the i n s t m n t  f o r  measuring changes i n  the 1/4 inch gas gap 
between the Zircaloy-2 pressure and Al shroud tubes in the PRTR is  about 
95$ conrplete. 

This 

Bench tests of the instrummt indicate an accuracy of about 
,+ 3 m i l s .  

The fabrication of 30 spare E.IITR process tubes is on schedule with f ina l  
delivery expected in January. 

FR!FR Sheath Tubes. 
t o  discuss fabrication d i f f icu l t ies  and l a t e  deliveries on a large Hanford 
order for Zircaloy-4 PR!EZ fuel jacket tubing. 

Som progress has been mide in overcoming fabrication problems. 
penetrant re jects  at Hanford fo r  the first 168 tubes fabricated by WolverFne's 
new techniques are 5 t o  lo$, and the vendor reports that his re ject  ra te  is 
agpraximat&ly lo$ versus a 50 t o  60$ re ject  rate f o r  tubes fabricated by the 
former process. This is the lowest level  of rejection experienced by ei ther  
party on this order, indicating tha t  the fabrication process is now under 
control and no further delays due t o  developmental e f for t s  should occur. 
Wolverine has shipped 408 of the 0.495-inch I D  tubes this month; 47$ of 
these tubes meet the +0.002-inch t o  0.0-inch I D  tolerance. 

A visit XELS made t o  Wolverine Tube Company on October 3,  

Fluorescent 
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Nondesizuctive Testing of Sheath Tubing. 
tested ultrasonically on a mutine basis. The t e s t  e q u i p n t  is stand- 
ardized by set t ing it t o  reject  on the signals received from 0,OObinch 
deep inside and outside surface scratches, and t o  accept the signals 
received from 0.002-Fnch deep inside and outside surface scratches. The 
mgnitude of the signals received frm the 0.004-inch inside and outside 
surface scratches are balanced so that defects on ei ther  the inside or 
outside surfaces may be detected. 

Sheath tubing is again being 

This method of standardizing the equipment is being evaluated as the tubes 
are routinely tested.  
ultrasonically snd the results compared with those obtained from the 
fluorescent penetrant t e s t .  

A group of 168, 0.495-Fnch ID tubes were inspected 

These results are compsred i n  the table below: 

Confirmed by 
Surface Ultrasonic Indicatians muorescent ]Penetrant 

Outside 
Inside 
Unconfirmed 

3 
1 
1 

3 
1 
0 

Fluorescent penetrant indications were found in 20 tubes. 
the ul t rasonic  signal tripped the reject  alann; in six tubes the ultrasonic 
signal was l e s s  than that from a O.&inch deep scratch; and in six tubes 
there wa8 no u l t r a s o n i c  indication of any kind. These results show a great 
imprOMment in correlation between the ult-onic and fluorescent penetrant 
t e s t s .  

In four of these, 

Twenty-one of the 168 tubes exhibited eddy-current indications. 
graphed, none of these tubes shared w a l l  thinning o r  thickening. 
with the largest eddy current indication was sectioned and examined. 
defect could be found. 

When radio- 
The tube 

No 

PRTR Process Tube Creep Rates. 
was subjected to r  a 96-haul test at 2250 ps i  and 650 F. 
manent defonnation was 0.0126-inch in diamter  or  about O.3$ deformation, 
compared t o  O.l?$ after 48 hours. A second s w e  was tested at  1650 psi  
and 650 F. 
The t e s t  is continuhg. 

An annealed sectian of a mcpR process tube 
The average per- 

After 100 hours, th is  tube shared about 0.001 Inch deformation. 

Radiometallurgy Laboratory Studies 

Eight s w e s  of high exposure U% were prepared and delivered t o  Ceramic 
Fuels Devclagrpent Operation. Sauples represented elrgosures of 72,500 and 
94,000 W / T  (RM-609). 

Metallography indicates that the flu peak of a defected, swsged UO2 fuel 
elenrent was near the dawnstream end. 
for  burnup analysis t o  confirm flux differences through the length of the 
eleme!nt ( R M - 6 ~ ) .  

Three samples have been dissolved 
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The four-rod Lr-2 1 - 0  iJ00 21 ~ 1 - i  :;li'ch vas irradiated t o  demonstrate 
enrichment s i d a t i o n  shows no detrimental effects of irradiation. 
Fission gas has been collected from the rods and metallography is  now 
being done (RM-616). 

No sintering was observed i n  a mixed plutonium-uranium oxide fuel  element, 
the original shape of the pe l le t s  being s t i l l  visible (m-654). 

Results and interpretations of these examinations will be reported in  
more detail i n  connection with the respective development programs served. 

Thermal Hydraulic Studies 

Calculations Pertaining t o  the Hazards of a PRTR Gas Loop Process Tube Rupture. 
One of the consequences of a PRTR gas loop rupture could.be the injection 
of Co;! into the &andria. 
moderator in the calandria W C L  reduce the reactor nuclear reactivity.  
However, the in se r t im  of the bubble will temporarily raise the moderator 
leve l  which will increase the reactivity.  
be the sum of these two effects  and may be e i ther  positive or  negative. 
A howledge of the leak rate of C% into the calandria is needed t o  deter- 
mine the react ivi ty  changes and potential  hazards, i f  any, which w i l l  resul t .  
Approximate calculations were therefore performed t o  determine the maximum 
and minimum ra tes  of injection of C@ into the calandria which might be 
expected. 
parting of the process tube, w a s  found t o  be about 22 lb/sec. A volume of 
C@ injected equal t o  one th i rd  of the calandria volurne w i l l  OCCUT i n  
about 0.13 second. The m i n i m  rate of injection, tha t  rate of leak which 
will just pressurize the shroud tube suff ic ient ly  t o  cause i ts  rupture, is 
about 6 lb/sec. 
volume of C@ into the calandria equal t o  one-third of the calandria 
volume. 
the nuclear react ivi ty  transient and potential  hazards. 

The presence of a large bubble of C@ in the 

The net change i n  reactivity w i l l  

The maximum rate of injection, which would resul t  from a complete I 

This leak rate will require about 0.6 second t o  inject  a 

These leak rates w i l l  be used i n  physics calculations t o  determine 

Calculations Pertabing t o  the Hazards of Loss of Coolant t o  a N e 1  Element 
i n  the P€U'R C r i t i c a l  Facil i ty.  If both power t o  the fuel handling system 
and fuel element coolant should be l o s t  during movement of a fuel element 
in  the &I3 Crit ical  Facil i ty,  the fuel  element w i l l  be le f t  hanging in the 
f a c i l i t y  without proper cooling. It may laelt due t o  f iss ion produced decay 
heating and release f iss ion products t o  the Cri t ical  Faci l i ty  atmosphere. 
One aspect of the potelztial hazards of such an incident i s  that of the 
necessity of containing the f iss ion products within the ce l l .  One possible 
loss of containment is the leakage of air fromthe c e l l  which might occur 
due t o  the increase in c e l l  pressure caused by the increase in air tempera- 

therefore made t o  determine the effectiveness of heat transfer through the 
Cell walls t o  remove heat fromthe c e l l  and thus suppr@ss the increases in  
air  temperature and pressure. The calculations s h m  tha t  i f  the fuel element 
is generating heat at  a rate of about 6 kw o r  less, the heat t ransfer  through 
the w a l l s  w i l l  remove enough heat t o  prevent the air  pressure i n  the c e l l  
from exceeding two psig. The c e l l  is  designed t o  have an acceptably small  

t u r e  following loss of coolant t o  the fuel  element. Calculations were .. 

, I 
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leak rate  a t  a pressure of two psig. 
considerations indicate that  i f  the fuel  element were generating heat a t  ' 

a rate greater than about 6 kw, the tines t o  reach a i r  pressures greater 
than two psig w i l l  be long, in the order of several hours t o  a few days. 

High Pressure Recirculathg Aunp Repairs. !&e recirculating punq, used in 
the high pressure heat tranafer apparatus was found t o  have developed in- 
terference between its rotating and stationary p a r t s .  The rotating par t s  
of the pump are supported by a shaft through a bearing. 
housing i s  attached t o  a seal  housing which, in turn, is attached t o  the 
pump case. 
the bearing housing into the seal  houaing and with dmel  pins through the 
seal housing into the pump case. 
sea3 housing, it has t o  be removed during a seal  replacement. 
trouble was found t o  be due t o  damge t o  the dowel pin holes i n  the sea3 
housing incurred during the reassembly of the bearing housing following 
a p r io r  seal  replacement. The duwel pin holes had becom somewhat egg- 
shaped, which caused the bearing hausing t o  be supported below its proper 
positinn and allawed the impeller t o  contact the pump volute case. The 
repairs t o  the pump consisted of honing smooth the rough spots caused by 
the rubbing of the impeller on the case and drilling new dowel pin holes 
in the seal housing. 
with the pump case were successfully accoqlished on s i t e  with plant 
forces. 
about O.OOO25 inch. 

Qualitative transient heat transfer 

The bearing 

The necessary ali@plpent is accomplished with dowel pins through 

Since the bearing housing i s  outside the 
The present 

The repairs and realimt of the shaft bearings 

Vibration measured at the bearing housings during operation fs 

PR!FR Project Manag ement and Design 

FTER Construction. 
struction items not completed by the Phase I11 contractor o r  not included 
in his contract) being completed by the J. A. Jones Construction Company, 
CPFF contractor t o  the AEC, is estimated a t  about 20$ completed. 
t ion  work was delayed froin about September 19 t o  October 3 because of a 
jurisdictional dispte involving pipef itters. Constructian congjetion is 
being directed taward those systems required f o r  the c r i t i c a l  test program. 

The Phase 111-A portion of the PRTR (remaining con- 

Construc- 

The ref lector  system has been flushed, cleaned, rinsed, and h w o s t a t i c a l l y  
tested. 
dessicant bags lef t  i n  the pumps, was picked up on the strainer screen 
during the f'luahFng operation. 
than anticipated because of the d i f f icu l ty  in removing the Turco cleaning 
solution. 
system is curr tnt ly  being dried pr ior  t o  final helium leak tes t ing and 
fi l l ing with heavy water. 

The exterior portion of the mderator system was flushed with sanitary 
water. m o r  amounts of sand, filings, rust par t ic les ,  e tc . ,  were de- 
posited on the strainer. During the flushing operation it was noticed 
that the impellera on two pumps dragged on the bowls. 
alignment si tuation was noted, appren t ly  due t o  improperly machined 
shafts. A l l  three moderator pumps are currently being realigned. !I!he 
in te r ior  moderator system piping is about 8Og completed with all dump 
valves installed.  Electrical  and p n e m t i c  t ie - ins  t o  the dump valves 
are being installed.  

A caneiderable amount of cloth-like material, believed t o  be from 

The rinsing operation was mre extensive 

Resistivity of the final. flush water was 20,000 ohms. 'Ibe 

An out-of- 
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The helium piping required f o r  the c r i t i c a l  t es ta  is  estimated a t  g@ 
completed. The gas balance system valves are installed,  and the 
t e q o r a r y  jumper piping fo r  the helium system cleaning operation is 
installed.  

The primary pmgs are par t ia l ly  installed and some piping modifications 
on the H20 injection system associated with the primary system are 
complete. 
cleaned. 
go$ installed.  

Some! piping in the cleanup system has been flushed and 
The RTD's which cleng! on the jumper outlet  piping are about 

Work on the interconnections of the reactor flux monitoring and reactor 
control systems is nearing completion. 
been written covering wiring checkout and functional t e s t s  which w i l l  
verify that all the proper connections are present and that  no connections 
exist which do not show on the drawings. Upon completion of the accept- 
ance tests, the system wil l  be turned over t o  PRTR Operations f o r  design 
tests e 

An acceptance t e s t  procedure has 

Both the mechanical and electronic portions of the rupture detection 
system are  currently behind schedule. The rechanical portion, being 
fabricated locally,  is nearing completion, but w i l l  require additional 
manpower if  it is t o  be completed and placed inside the e o n t a i m n t  
vessel before the c r i t i c a l  t e s t s  begin. 'Ihe electronic portion has not 
yet been shipped because of the switching transient problem which s t i l l  
delays successfd completion of the 24-hour acceptance t e s t .  B e  m u -  
facturer reports tha t  progress has been made but that  the switching 
operation i s  s t i l l  unsatisfactory. 
the llPMufacturer has been making fo r  the past three months. 

This is  the same status  report which 

The building radiation and a i r  sasrpling systems have been completed and 
released on an extended basis t o  PRTRO for design tes t ing.  Preliminary 
testing hss revealed no major deficiencies in  the systems. 

Construction and acceptance t e s t i n g  were coqle ted  on the shim controls 
on October 22, and released fo r  design testing. 
ing it was found that seven of the position indicating meters had de- 
fective transfornrrs and the pawer supply was improperly wired. 
design test revealed several minor deficiencies; huwever, in general the 
shim control s y s t e m  performed as designed. 

During acceptance t e s t -  

The 

Minor modifications and repair t o  the fuel  t ransfer  system are in progress. 

During finsl: inspection of the loadout cask, it was determined that the 
end plate  at tho loading end was warped. 
radistion leak when using the cask Fn the RadiamtaUurgy B u i l d i n g ,  
Industrial  Process Engineers was instructed t o  machine the end flat. 
Cask shipmnt is scheduled f o r  l a t e  October. 

Since this  w o u l d  result in a 

The2 Primary 
reassembled 
date can be 

manipulator f o r  the Fuel Element examination Faci l i ty  is being 
by the vendor in grcpartation f o r  retesting. I?o f i r m  delivery 
determined un t i l  a f t e r  the resul ts  of the t e s t s  are known. 

1 
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. The Maintenance and Mckup Building construction contractor is estimated 
t o  be approximately 4s complete versus 4$ scheduS3d as of October 3, 
1960. 
and relocation has been completed. 
vault and 30-inch stack t ie- in ,  and has been started f o r  the Cri t ical  
Facil i ty.  

A substantial part of the underground s e m c e  l i ne  instal la t ion 
Excavation is complete f o r  the f i l ter  

- Further analysis of cases requiring low pressure H20 injection into the 
p r w  system s h m  that the existing emrgency well pump is adequate 
i f  connected t o  the "A" C e l l  injection line. The '3'' Cell line will be 
connected t o  the boi ler  feed pumps for high pressure injection. Design 
work is complete except fo r  rerouting of '%" Cell H20 injection piping 
t o  connect t o  the boi ler  feed p-s. 

PRP Crit ical  Faci l i ty  (Project CAH-842). 
is approximately 95% complete versus lOO$ scheduled. 
deslgn i t e m t d  be completed is the reactor control console. 

Over-sll design of the project 
'Ihe msjor relpaining 

Components of the pratotype of the poison injection system triggering 
mechanism are on order. 

'Ihe Henry Pratt Company submitted general layaut drawings of the fuel 
t ransfer  lock f o r  approvaJ.. 
N o t e d . "  Since the drawings did not show the trsnsfer mechanism in the 
lock, they were requested t o  re-submit the drawings of this i t e m  again 
fo r  agproml pr ior  t o  starting construction. 

0 The d r a m s  were returned "Approved 8s 

A double-ended motor with two gear reducers has been onlered f o r  m e  with 
the safety rods. 
indication system which w i l l .  essent ia l ly  be a duplicate of the system used 
f o r  the PRTR shim rods. 

This will permit the use of a p o t e n t i m t e r  position 

A meeting was held with an engineering representative of Norden-Xktay 
(United Aimraft) concerning the synchro units f o r  the control rod 
position indicators. As a result of t h i s  Ee t ing ,  new bids have been 
issued aad it is anticipated that satisfactory resul ts  vlll be obtained 
a t  a cost appreciably lowcr than the or iginal  bids. Alternate position 
indicator systems are being considered, involving pulse counters and ana- 
logue type encoders snd resolvers. 

A special "QD-Mark" coupling has been ordered f o r  prototype testing a6 C-te 
fuel element t h m l e  tube closure. 

Fuel ElSlDent Rupt ure Test Fac i l i ty  (Project w-8672. A design contract 
was awarded t o  Cornell., Howland, Hayes, eind Mcrqfield for design of the 
water f i l t r a t i o n  plant.  
contract cost of @g,OOo. The General Eledmic portion of detail design 
is estimated at about 47% complete conpared t o  63% scheduled. 

me contract completion date is 12/30/60, at a 

Qrders are being placed f o r  RLH-1 (inrmersion heaters), RLHX-1 (regenera- 
tive heat exchanger), and the coolant c i rcu la t ing  ptmrps. 
this material will be $182,024 as compared t o  the project proposal 
estimate of about $204,OOO. 

Total  cost of 
._ - 
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B i d  due date for  WIX-2 (cooling heat exchanger) is 10/30/60. Specifi-  
cations, drawings, and purchase requisitions are in process of approval 
f o r  the storage tank, decontamination tank, vacuum deaerator, makeup 
system ion exchanger, cleanup system ion exchanger, and the chemical feed 
system. 

Hegotiations w i t h  Tube Reducing Corporation f o r  Zircaloy-2 pres&re tubes 
ha= been unsatisfactory t o  date. 
t o  the AEC showed a per tube cost substantially inexcess of t h e i r  orig- 
inal quotation. Negotiations w i t h  an alternate vendor are i n  progress. 

- The detailed cost breakdown submitted 

Drawings of Test Section "A" i n l e t  assembly were completed and have been 
issued f o r  comment. 
cer t i f ied materials f o r  fabrication of components. 

Specifications are being prepared fo r  procuring 

An order was placed f o r  two Grayloc outlet  connectors. 
continuing on the Aero Supply inlet  valves t o  modify the design t o  meet 
ASTM Code requlremmzs. 

Negotiations are 

Design and Component Testing 

PIZTR Fueling Vehicle. Work instructiollg fo r  c q l e t i q g  all modifications 
t o  the fueling vehicle have been issued and no fur ther  reports w i l l  be issued. 

PR-10 - Primary Loop Mockq. 
273.0 hours with no indication of seal trouble. 

The PRTR primary process pump has operated 
The leakage rate is l e s s  

than 0.1 g/hr. 

The prototype pump with the self-adjusting seal assembly has operated 
3489 hours. 

The Aldrich injection pump has now operated 2128 hours with R/M Vee-Flex 
packing r ings with compression springs. 
obtained with t h i s  packing without springs. 
ments w e r e  required d u r a  the month t o  maintain the leakage rate per 

The leakage rate has decreased t o  $he range of 0.3 t o  0.6 g/hr. 

This i s  mre than twice the service 
Two additional gland adjust- 

bland belaw 4 0 0  a/hr. 

Ln Boiler Test No. 1, using simulated Y a k i m a  River water, the boi ler  has 
been sectioned for inspection of the tube-to-tube sheet joint .  
cessive corrosion was observed although further sectioning and detailed 
examination is planned. 

No ex- 

Process Tube Noe 586-6063 was operated f o r  600 hours during the month f a r  
a t o t a l  of 4725 hours at reactor conditions. 
0.092, and 0.125 inch in diameter by 0.065, 0.100, and 0.112 inch i n  
length, respectively, were placed in the in-let jumper t o  test the ab i l i t y  
of the flow stream t o  flush ruptured fue l  element par t ic les  f romth i s  
location. It is  assumed tha t  t he  other par t ic les  passed by the fuelL. 
element, although th i s  cannot be checked un t i l  the loop is shut down 
during November. 
will be t r ied following replacement of the present pump s t ra iner  with 
one of fine mesh. 

Tungsten par t ic les  0.060, 

Further t e s t s  with a greater range of par t ic le  sizes 
J 
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Process Tube Seal Expe rience. 
the larger  ID is now being evaluated i n  the Single Tube Prototype and i n  
the flexure loop test pieces. 
inch ID, 3.787 t o  3.807 OD, and 0.125 inch thick. 
Tube Botatype has been leakirzg only 1 t o  2 ml/day. 
loop seals has been leaking a t  about 5 t o  10 ml/day with the other leaking 
about 25 ml/day. 
mEudnnun of 0,025 inch, while the other gaskets are compressed from 0.030 
t o  0.035 inch. 
appear that average leakage with the narrower gasket wKU be somewhat 
larger  than with the original gasket. 

The new nozzle-to-process-tube gasket w i t h  

Dimensions of t h i s  gasket are 3.415 t o  3.430- 
The gasket on the Single 

One of the flexure 

The gasket w i t h  the high leakage ra te  is  compressed a 

Conclusive results are not y e t  available; however, it does 

The special t e s t  piece fo r  evduating damage t o  the process tube from 
metal seizure at the nozzle t o  process tube joint  has now operated through 
1725 thermal and pressure cycles. 

PR-40 - S h i m  Control Mockuq. Operation of the Western Gear motor a f t e r  
exposure t o  1.4 x 1OY R ganrms has been completed with no observed change 
in  e lec t r ica l  characterist ics.  The motor has been returned f o r  further 
irradiation. 

Instal la t ion of special shim rods of carbon s tee l ,  carbon s t ee l  with 0.4$ 
boron and stainless s t ee l  with 1.2$ boron, fo r  use in the c r i t i c a l  t e s t s ,  
are 5 6  complete. 
these assemblies. 

The new type drive motors are a lso being installed on 

The final shim assenibly has been shipped by GELAPED following the replace- 
ment of a faul ty  position potentiometer. A t o t a l  of 28 Western Gear drive 
units have been shipped, leaving a balance of 22. 
chased as spares following the continual problems with the i n i t i a l  units.  

These units were pur- 

PR-70 - H e l i u m  CoIlrpressor Test. 
 pun^ was operated with satisfactory output and piston leakage rates f o r  500 
hours. 

Four-test  check valves purchased from Specialty Engineering Company have 
been received. 
tes t ing if the replacement valves, which use improved alloy materials, f a i l .  

The fourth high pressure compressor o i l  

O i l  pump t e s t s  have now been concluded. 

These valves w i l l  be evaluated during PRTR operability 

mcpR Sgtcial Reactor Tools. 
has been fabricated and successAilly tested.  

The process tube t o  nozzle aligment mandrel 
This too l  has been delivered 

t o  the PRTR Operation f o r  use during gasket replacement. 

The load-out cask wrench for  gperating the cask gate remotely under water 
has been completed and is being tested. 
f a c i l i t y t o  open the re l ief  valve, replace hangers, and handle the fuel 
a re  now partially fabricated. 

Other tools  for the load-out 

The fue l  element extractor has been teste&.using a lead f i l l e d  19-rod 
cluster.  A stuck fuel elemnt  was simulated by loading the upper end 
of the fuel e lemnt .  Further tests XiU be performed using the above 
method following severance of the wire wraps. 
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PRTR Unit Motion Study. 
optical  measuring system has been completed. 

Installation of the reference targets fo r  the 

PRm Process Lnstnurrentation. 
a tor  leve l  measuremnts has been assembled and tested i n  the laboratory. 
Preliminary tes t ing indicates that the manometer system is capable of 
readily measuring d i f fe ren t ia l  levels t o  the nearest 0.001 inch under 
laboratory conditions. 
mzssurements (as related t o  moderator leve ls )  during the l?RTR C r i t i c a l  
Tests. 

A servo-manometer system f o r  PRTR moder- 

This equipment w i l l  be used in precise react ivi ty  

An autoclaved section of Zircaloy plate has been sent t o  the vendor t o  
permit calibration of the Fuel Exam Fac i l i t y  temperature probes prior t o  
shipment. 

The instruments t o  IIy?asure PRTR moderator dunq, rates have been assembled 
in shim tubes and are ready fo r  instal la t ion i n  the reactor. 
of f a l l  over the first 30 inches from moderator heights above 75 inches 
will be measured with the short probe, and the longer instrunaent w i l l  be 
used t o  follow changes over the en t i re  moderator level  range. 
measurements w i l l  be part  of the design testing of the moderator system. 

The rate 

These 

Design Analysis 

PR!E4 Process Specifications. 
initial startup and c r i t i c a l  testing of the €?RTR have been approved by the 
Startup Council. 
qyired pr ior  t o  ppwer testing. 

All Process Specifications required f o r  the 

Approval of two additional specifications w i l l  be re- 

Safeguard 6 Analyses. 
Safegusccds Analyses which was submitted t o  the General Electric Reactor 
Safeguards Council was revised t o  c la r i fy  the assunptions and basis f o r  
the information reported. 
t o  the Reactor Safeguards Council. 

The Uniform Accident Report Form covering PRTR 

Copies of the  revised report were forwarded 

Analyses of the consequences of primary coolant system leaks under 
various primary coolant conditions and f o r  the full range of possible 
leak sizes are virtuslly complete. A report of these analyses, which 
is now being written, w i l l  be the basis fo r  the last process specifica- 
t ion.  
m o d i f i e d  by approved Phase 111-A construction items, is  capable of pre- 
venting fuel element melting for any possible prilllary coolant leak. 

The analyses shaw that the l ight  water injection system, as 

PRTR Cri t ical  Tests. Nearly all of the remaining detailed procedures 
for  Cri t ical  Tests have been written and reviewed in conjunction w i t h  
the Cri t ical  T e s t  Sub-Council. 
e lemnts  and cadmium covers f o r  lutetium foils have been conrgleted f o r  
use i n  C r i t i c a l  Test 21. 
been presented as pa r t  of the PRTR C r i t i c a l  Test training program. 
computer program has been written t o  analyze the period data from 
C r i t i c a l  Tests. 
followed by solution of the in-hour equation f o r  the reactivity.  

Fabrication of the foil-containing fuel 

Two reactor physics orientation lectures have 
A 

The code performs a least squares f i t  t o  the data points, 
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Detailed procedures f o r  approximately 75 percent of tbe Cri t ical  Tests 
w e r e  reviewed fo r  conformar;ce with safety r e s t r i c t i m s  and specifications. 
A supplement t o  the hazards and restrictiolls section of the Cri t ical  Test 
Docw.ent has been prepared 
Startup Council. This supplement was required because of (a )  tests added 
following reconmendations of the IPD Audit Team, (b) completion of addi- 
tional Startup Process Specifications, and (c)  plans t o  begin test- 
before construction of all reactor systems has been completed. 

has received. the approval of the PRTR 

Other Startup Preparations. 
criptions is continuing in  conjunction with the Power Test Sub-Council. 
Parer ?lest 18 (Photaeutron Flux) has Been ameoded t o  conform with review 
c o m n t s ,  and Power Test 6 (Shielding Adequacy) has been approved by the 
Startup Council. Safeguards review of Parer Test descriptions and Oper- 
ating Procedures contirued as these have been written and scheduled f o r  
Startup Council approval. 
Standards have been reviewdd f o r  coMormance with Process Specifications. 

Preparation and r e v i e w  of power test  des- 

Approximately 50'$ of the PRTR Operating 

C r i t i c a l  Faci l i ty  Calculatioos. 
modified t o  c a r r y  out calculations which employ the use of relined eca- 
t i s t i c a l  weight distributiona and their integrals. 
method used observes the icfluence on multiplication of each parameter 
i n  any region through the integral  of products of group-flux and group- 
adjoint flux distributions (& t h e i r  gradients) in tha t  region. Com- 
p i la t ion and debugging of the code is completed, and cdculat ions have 
been p e r f o m d  f o r  sever& expected loading conf'iguratiocs i n  the C33tica-l 
Facil i ty.  
elements with a D20 moderator and ref lectcr ,  

The FLUX-WEIGHT reactor code has been 

The perturbation 

These were two-zone loadings of b r k  I U% and Pu-AI. fue l  

The properties of individual reactor ce l l s  (surrcunded by the appropriate 
environment) or  whole reactors constructed 8s a oce d i n a s i o n d ,  &ti- 
region model are determined by this calculation. Data f o r  each problem 
consists of a g e m t r i c  description and the parameters which make up the 
operators J and K in the wave equation K q  = J q  f o r  each region of the 
system. 

Quantities calculated fo r  each case include the following: 

1. Three-group flux distributions and f iss ion densit-J distribution 
normalized t o  unit  parer operation. 

2. Effective multiplication of the system. 
3 .  'Ihroe-group adjoint flux distribution. 
4. S ta t i s t ic& weight distribution f o r  each parameter ia the cperators 

J and K. 
5 .  Homogenized or effective average value in the system of each 

paranreter in J and K. 
6 .  P r q t  neutron lifetime i n  the system. 
7.  Effective s l a g  darn aru3 diffusion area of the system. 
8. Effective buckling value f o r  each ecergy group i n  the system. 
9 .  Variational coefficients of the parameters i n  J and K f o r  each 

region. Fromthese coefficients, f o r  example, it may be lnm 
that an increase of 1$ in  the thermal absorption cross-section 
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i n  a Uo;! loaded region of the PRCF w i l l  result in a decrease in m u l t i -  
pl ication of the system of 4.8 mk. Again, fo r  example, an increase 
of one percent in the fast-to-epithermal scattering cross section i n  
t h i s  same region w i l l  result in a decrease of 0.03 mk in the system 
multiplication, due t o  causing a s l igh t ly  increased loss of neutrons 
by resonance absorption. 

PRTR operations manning 

Preparation of PRTR operating Standards continued. 
pertaining t o  the reactor have been issued fo r  r e v i e w  and approval. 
the 68 standards, 32 w e r e  approved a t  month's end. 

Sixty-eight standards 
Of 

Review and approval of the PIZTR Operating Procedures by the Startup Council 
continued. Seventy-two procedures have been approved. The remaining 20 
are under review. 

Rives Pump No. 1 operated f o r  135 hours during October. 
ated f o r  46 hours. 
because of excavatians i n  the vicini ty  of the 2400 V feeders and the 
Mmhole No. 3.  

Pump No. 2 oper- 
Both pumps were shut dawn from October 10 t o  October 28 

A Work Request was issued t o  authorize instal la t ion of 0-5 GPM rotometers 
in thc cooling water l ines  t o  the a i r  compressors t o  allar f ine control 
of the operating temperatures. 

Considerable effort was devoted t o  reviewing the status of the moderator 
and ref lector  systems i n  preparation fo r  receipt of heavy water. 
lists were compiled f o r  both systems and the status of instrumentation 
systems was reviewed t o  insure mininnlm delay in preparing both systems 
f o r  operation. 

Punch 

Seventy-six drums of D20 were moved t o  the Reactor Hall in preparation 
for deuterizlng ion exchangers and f i l l ing  the ref lector  system. 
additional 56 drums w e r e  sampled and readied f o r  movement t o  the PRTR 
f o r  use i n  the moderator system. An accountability system was estab- 
Ushed f o r  heavy water samples. 

An 

The procedures f o r  flushing and cleaning the helium system w e r e  reviewed 
a weekly Design Test Exceptions L i s t  has been issued t o  assist the con- 
t r ac to r  in correcting the problems. 
System Status Summary f o r  each s y s t e m  wa8 prepared and kept current. 

Also, t o  assist the contractor, a 

A par t i a l  shipment of spare parts  f o r  the Hofer helium cornpressers was 
received during October. 
i n  December. 
will be received i n  Noveniber. 
assistance of l i a i son  personnel because 0; the d i f f icu l ty  encountered 
in obtaining a commitment f romthe Hofer Company i n  Germsny. 

The rest of the spares ordered will be shipped 
Half-hard s t ee l  stock t o  be used f o r  compresser disphragms 

It has been necessary t o  obtain the 

. -  
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The process water pump alignment and Vibration problems reported l a s t  
roonth have been corrected. A number of control c i r cu i t s  on one water 
ch i l l e r  have been r e w i r e d  and the water temperature controller was re- 
located t o  a w a l l  location t o  correct  the control problems. Unmarked 
wires were traced and properly identified. 

A l l  necessary equipmnt has been installed in  the !J?t?mporsry shop in 
the basemnt of the PRTR Service B u i l d i n g .  
partment maintenance organization now are using the shop f a c i l i t i e s .  
A j ib crane is being installed f o r  use in lowering supplies t o  the 
shap f loo r  level .  

A preventive maintenance program, fo r  installed equipment in  the PRTR, 
i s  being irnplemnted as the individual components are released t o  PEiTRO. 

The Fuels Preparation De- 

All PKTR Technol,ag&sts and Technicians cauIpleted the o r a l  examinations. 
W i t h  minor exceptions, all personnel demnstrated a training status 
adequate f o r  participation in the initial startup operations. 
tional training in these areas w i l l  be accomplished with the individuals 
involved. Training continued with emphasis on Cr i t i ca l  Test Procedures, 
Building Radiation Procedures and r e v i e w  of Operating Standards. 

Addi- 

P r e l w  glarming f o r  the training program t o  familiarize PRTRO per- 
sannel with the gas loop operating techniques was completed during the 
month. A tentative training program outline was established. Respon- 
s i b i l i t i e s  for  m i a u s  phases and a schedule was prepared. 
is t o  qualify all Technologists and Technicians t o  operate the loop one 
mnth before the low is ready t o  start up. 

The objective 

Brformance of Design Tests continued as system becarm available fo r  
testing. 
Design Test No. 12 (Secondary System - Miscellaneous) is being repeated 
due t o  the large amount of d i f f icu l ty  experienced with the automatic 
cycler and valves during the f irst  test of the softeners. All other 
sections of th i s  t e s t  have been completed. 
water softeners do not meet the vendor's specifications. 
t o  seek assistance of the vendor t o  correct the problems. 

The exhaustion and regeneration of nater softeners under 

With one exception, the 
It is planned 

Design Tests No. 15 (Heating and Ventilating System - Startup) and No. 22 
(Effluent System) were coqle ted .  
Chanibers were tested per Design T e s t  No. 29. 
t o  drift  10 t o  SO$ i n  a 24-hour period, rather than 1/2 percent as 
specified in the procurement specifications. 
for a --hour geriod drifts ranged 10 t o  30$. 

Thirty of the 36 shim rods were tested per Design Test No. 30, and 
AddendumMo. 1. 
pos i t im.  
tes t ing.  One serious problem debloped in the position indicators. 
Calibration of the indicators requires adjustmnt of the zero point 
downwards thereby preventing checking the meters for drift during 
operation. 
cessed. 

Ten of the Building Radiation Monitoring 
The instruments were found 

The dr i f t  test was re-run 

The mds remined statixbazy in  the up, or inserted, 
Several minor problems were discovered during the course of 

A design revision t o  correct this deficiency is  being pro- 

2 3 4 2 3 9  



UNcLASsIFm A-40 HW- 6725 4 

Testing of the Fog Spray System under a portion of Design Test No. 53 
(Fog Spray Sgstem)'was completed. 
system fromthe reactor control room w a s  found t o  operate sat isfactor i ly .  
The portion of the test covering activation of the system fromthe 
384 Building w S l l  be completed later. 

The equipmat f o r  activating the 

Portions of Design Test No. 20 (&or Control Circuits) were completed 
in  conjunction with the other design tests. 

Preparation of the detailed Power Test descriptions and procedures 
continued. 
the PRTR Startup Council. 
the end of Novenber. 

Sixteen of the 33 test descriptions have been approved by 
All tes t  descriptions will be completed by 

C r i t i c a l  Tests. 
direct ly  connected with the Cr i t ica l  Tests. 
included organizational planning, responsibil i t ies,  general test des- 
criptians,  FRFR physics, procedural restrictions,  process specifications, 
test instnxrentation, and detsiled test descriptions. Informal training 
of the sh i f t  crews t o  familiarize the personnel with detailed procedures 
is now in progress. 

A l l  equipmnt needed f o r  C r i t i c a l  Tests w i l l  be available by November 4.  
Apgroximately 3 days will be required t o  install. and check the test 
equi-t. Instal la t ion and testing will be done concurrently w i t h  
Design Testing of the systems required f o r  the C r i t i c s l  Test h.ogram. 

Formal training sessions were held f o r  all persons 
The subjects discussed 
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2. PLUTONNM CERAMLCS RESEARCH 

Experiments have continued on the structural  s t ab i l i t y  of PuOg i n  various 
atmospheres. 
150 t o  lO$O C i n  air t o  give Pu02. Crystall i te sizes have been determined 
by studying the broadening of the (111) reflecting plane with CuK radiation. 
Pel le ts  of these powders were heated t o  ll.00 C and 1500 C i n  hydrogen con- 
taining various amounts of water vapor, he l ium,  and vacuum. In many cases 
t h e  pellets cracked and chipped so that precise density determinations 
could not be made. 
increase s l igh t ly  with the dryer gas a t  both 1100 and 1500 C. 

Plutonium oxalate was calcined at  150 C increments from 

In hydrogen, h m v e r ,  the sintered density appears t o  

X - r a y  data were obtained direct ly  from the ,surface of ' the  as-sintered 
pel le ts .  
giving broadened l ines  and reduced intensi t ies ;  however, i n  no case w a s  
the surface so bad as t o  give a repeti t ion of the same reflection a t  two 
different Bragg angles. 
fo r  one hour showed,- for  every sintering treatment and calcination tempera- 
ture, only a single cubic structure corresponding t o  Pu02. 
were heated i n  
as-sintered 
wet and tank hydrogen sintering, were all near 1.99, regardless of cal- 
cination treatment. T- O/PU r a t io  for  very dry hydrogen, varies w s t  
l inear ly  with calcining temperature, reaching a low of 136 for '  a 1050 C 
calcine. 

The surfaces of some specimens were rough t o  the extent of 

The patterns fromthe pellets sintered a t  ll00 C 

These pieces 
en t o  750 C and the w e i  ht  gain measured t o  get an 

rat io .  The O$pu r a t io  for he l ium,  vacuum, 

The Pu02 powders sintered i n  a l l  atmospheres for  one hour a t  1500 C showed 
a par t i a l  reduction of Pu02 t o  both alpha and beta -203. Wnes of cubic 
Pu2O3 were indexed according t o  the interplaner spacing data reported by 
Mooney and Zachariasen; however, i n  some cases intensi ty  differences were 
seen. Hexagonal Pu2O3 has not been frequently observed and plane spacing 
data is unavailable. 
planed spacings were calculated from l a t t i c e  parameters given by Templeton 
and Dauben. 
f lections agreed W f i  with those expected. 
patterns were unindexed and it is  speculated that these may be the result 
of Pu& - h02 sol id  solutions, ur conceivably a WO7 phase. 
angle l a t t i c e  paramters of the Pu02 phase varied from 5. 396 t o  5.406 A 
indicating i n  same cases an oxygen deficient structure. 
the pellets heated i n  tank hydrogen a t  1500 C gave an oxygen/plutonium 
ra t io  of ab&t 1.81 for most of the pieces with a high of 1.90 for  the 
powder calcined a t  150 C. 

The compound i s  isomorphous with L&203 and inter-  

Based on the -3 isomorphism, intensi t ies  of observed re- 
A number of l ines  on many 

High 

Oxidation of 

h p l i c a t e  samples or those j u s t  referred t o  were subjected t o  diffraction 
analyses and albo gave alpha and beta R@3 and -02 phases. 
were then ground and the result ing patterns showed only a PuO phase. 

w o u l d  explain why a %03 
a$ W o r d ,  i .e., samples had always been pre'pered by mounting i n  a 
cold set t ing p las t lc  and grinding u n t i l  smooth. 

The surfaces 

This would indicate that the reduction of Pu02 is a surface e $ rec t  and 
phase has almost never been observed before 

UNCLASSIFIED 
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Several 1/2" dia x 1/2" long Pu02 pe l le t s  and U02 pe l le t s  containing 
0, 20, 40, 60, and 80 tf/o Pu02 were heated t o  about 1750 C fo r  75 hours 
i n  very dry hydrogen. 
€1102 pel le ts ,  a t o t a l  of eight, completely vanished. All t ha t  remains 
is  a black coating on the molybdenum boat and traces of a w h i t e  residue. 
The UOg and UOg-20 and 40 FuO appeared t o  have flowed plast ical ly  and 
the bottom of the i n i t i a l  1/2 dia pellets conforms t o  the contour of 
the 1 1/2" dia boat. 

A very, very striking change occurred. The 

2 

The UO,-~O and 80 PuO2 still. remain as cylinders; however, they possess 
a very charred coating. 
flow phenomenon i s  presently i n  progress. 

A sample of Pu02 and carbon heated t o  2000 C for  one hour a t  1 x 
w a s  ,found t o  have completely vanished. 
passing the per i tect ic  and then qraporized. 
of vaporization was observed vis,ally by heating pure m2C3 t o  2000 C i n  
both a vacuum and i n  one atmosphere of helium. 
i n  an inverted Mendenhal type tungsten wedge. 
heated i n  a wedge i n  helium and decompositions were observed a t  1645 C 
and 1970 C. 

Detailed examination of these pieces and of the 

mm Hg 
Conceivably, Pu$3 had formed on 

That pure fi$3 has a high ra te  

The heating w a s  accomplished 
A sample of pure PuC was 

Pure PUC, as determined only by diffractAon, has been formed regularly 
by beating PuH3 with carbon at temperatures between 1100 C and 1450 C. 
The P u C  has a variable lat t ice parameter depending on w h e t h e r  the defect 
N a C l  mixture is carbon r ich  or carbon deficient. Lattice parameters varying 
between 4.970 and 4.961 A have been noted. 

A t t e m p t s  have been made t o  form UC-PuC sol id  solutions by reacting bal l  
milled arc melted UC with PuH3 and carbon I n  vacuo. 
1450 and 1600 C using "batch" type samples. 
aut t o  give PuC - 35, 50, and 65 w/o UC sol id  solutions. 
a single phase resulted; however, no correlation could be made with Vegard's 
Law since s l igh t  errors in the carbon addition have such a pronounced effect  
on the resultant l a t t i c e  psraneter. Thus It w i l l  be necessary t o  form one 
large l o t  of PuC from several small batches and thoroughly homogenize this 
t o  give a stock of worklng material. 

This has been done a t  
UC, PuH3 and C Were weighed 

In every case 

Twenty-one pe l le t s  containing P u O 2  - Zr02 are being sintered in h e l i u m  at  
approximately 1400 C for  20 hours, for  use i n  determination of the  phase 
diagram of this system. 
cular emphasis on the lower concentrations of Pu02. 
l en t  integri ty  w i l l  then be thermally cycled t o  further verify the stabi- 
l iza t ion  effect  of Pu02 additions. 
with photomicrographs should c l a r i fy  or  reconfirm the room temperature 
equi l ibr ia  previously reported. 
stabil ized zirconia containing small amounts of calcia or  magnesia. 

Campositions include the ent i re  range with par t i -  
Pel le ts  having excel- 

X-ray diffractibn data correLated 

Experiments have also been planned using 

An attempt t o  produce pusI2 was made by beating a mixture of Pu02 and 
beta-Sic i n  a stoichiometric r a t io  according t o  the following equation: 

J 
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-02 + 2 S I C  + Fu S I 2  + 2 co 

The mixture wa8 heated In vacuum for two hours at 1400 C. 
diffraction data indicate that beta-&% wa8 formed. 
amounts of Sic were also presented i n  the reacted product. 

X-ray 
Trace 
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Fuel Evaluation 

A-44 Hw- 6 725 4 

Swaged U02 capsules have attained estimated exposures of approximately 
19,500 MWD/T i n  ETR-E.ITR. - 

A 7-rod swaged cluster,  pruposely defected with four 0.006 inch holes 
completed 17.8 days of %radiation a t  a maximum surface heat f lux of approxi- 
mately 475,000 BTU/hr-f% ., 

ups and approximately ten  scrams. 
515 F during the last 28 hours of the irradiation. 
gamma ac t iv i ty  of the water was observed during the increase in the coolant 
water temperature. 
i r radiat ion e 

The irradiation included four reactor start- 
The coolant temperature was r a b e d  t o  

No large increase i n  the 

No decontamination of the loop was required a f t e r  the 

A Hanford production reactor i s  now being used t o  irradiate a purposely 
defected fue l  element. 
period covered by t h i s  report) ,  essentially no ac t iv i ty  was detected in- the 
effluent coolant e 

During the first two weeks of irradiation (the 

The i r radiat ion of defected elements in the Hanf'ord reactors w i l l  provide 
long-term irradiat ion data t o  augment the short-term data obtained from 
MTR and ETR defect tests. A number of elements, covering a wide range of 
power generations and a variety of fabrication techniques, eventually w i l l  
be irradiated, The element now under irradiation contains sintered pe l le t s  
of U02' 

The test elements are 4-rod clusters,  12" long, with each rod 0.565 inch 
in diameter. 
clad in  Zircaloy-4. 
a 0.006~~ diameter hole through the cladding. 

Two rods of each cluster are  clad in Zircaloy-2, and two are 
One each of  the Zircaloy-2 and Zircaloy-4 rods contains 

A vibrationally compacted, purposely defected fue l  rod was successfully 
irradiated in the GEH-4 f a c i l i t y  in  the MTR. The behavior of this fuel 
element during irradiation was, in general, quite similar t o  the irradiation 
behavior of four swaged, deliberately defected fuel elements previously 
tested. 

The fuel element was 24" long  and 0.565" i n  diameter. The cladding con- 
sisted of twelve inches of-Wrcaloy-2 tube, and twelve inches of Zi rca l~yd t  - 
tube butt-welded together. 
through the weld. 
enriched t o  3.2 w/o ??3p&) vibrationally compacted t o  80.6s T.D. This 
was the first defect test  employing an element wlth vibrationally campacted 
fuel core. 
Zircaloy-4 were irradiated under identical  cont%tions. 
examinations w i l l  provide an excellent comparison of these two cladding 
materials w i t h  respect t o  hydriding. 

The 0 . a  i n  ch diameter defect was dr i l led  
1 core was (-6 + 150) mesh UO2 (homogeneously 

This was also the first test i n  which defected Zircaloy-2 and 
Post-irradiation 
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The h e 1  rod *was irradiated for a t o t a l  of 86 mitlutes, 29 of srhich were a t  
f'ull power. The reactor wes power cycled twice dmkg the irradiation. 
During the f i r s t  cycle, the reactor power level  decreased from 40 MW t o  
0.4 MW in 30 secozuis. I;1 t h e  second power cycle, the sane decrease was 
accomplished in about seven &u%es. 
served as a resul t  a3f the difference i n  cycl- the. 
in reactor power level,  k r s t s  of ac t iv i ty  were reieased t o  tfie coolent. 
The largest  bursts were released during decreases i n  reactor power; however, 
these bursts decayed t o  a constant ac t iv i ty  level nore rapidly than the 
bursts W c h  occuxed during kcreases  i n  reactor power. "Us aczivity 
pattern is essentially the same as the pattern observed during ir-radiation 
of the four defected swaged U02 fa1 elements. 

The reactor was s h t  down and ?;;le 2ast was te,miina;ted affer 86 &utes of 
the scheduled 90 r z u t e a  of operatior. 
i n l e t  pressure in 5 - k  %EX-& f ac i i i t y ,  
105 psia (nomaL aperat- pressure) fc -25C psia. 
oiltiet pressure decreased from 8C psLa t o m 3 5  psia and the ?low decreased 
from 7 gpm t o  -5 ~ p m .  
t ions  has not yet beez determined because the fue l  eleinent has not cooled 
suff l c i ea t ly  t o  a l l o w  exatd-ztion. 

No dirfererxes in behavior were ob-. 
During every change 

Thz shutdown was caused Sy the high 
%e Falat pressure bcreased from 

ShuLfaneously, the 

The snc* came of these chaages in coolant condi- 

Basic Studies 

The JEM electron microscops has bee3 bs+&ed, aligaed, and tasted LI 
operation. 
Accessory equipment is be- tested; performance of reflec+,ioi., microscopy, 
high tenperature trassIllission microscc~y, a d  diffract ion ( t o  ilC0 C ) ,  and 
high resolution diff,-action accessories has been vezy sa+,isfactory, 

Resolutioa of 3e t te r  tm 10 &sfrcrms has been demonstrated. 

Discussions of methods f o r  thermal cocductivity meesuremen%s on single CPJ- 
stals of mn-irradiated U02 b v e  be2n conducted with personnel of E!.  
The first crystal  t o  be Investigated pro3a3ly Kill 3e about one inch 10% 
and one-fourth inch squaze i n  cross-section. The research proposal is 
currently be* considered In r e h t i o c  50 other -t,brmal conductLrity pzo- 
grams in progress, 

Fac i l i t i es  f o r  measumnezt of e lec t r ica l  conductivity of irTadiated UOz 
are  being assembled at  BMI. 
ready prepared by Ce&c Fuels for measuremeat of C,hermai conCuctivity at 
EMI. 
a t  temperatuzes corresponding t o  sLgnificant ~)oia-ks on the& corduccUi- 
v i ty  curves already ob+ained f r o m  similar irradiated specfmens. 

Specimsns t o  be measured are among those sl- 

Electr ical  measueaents will be made on saapLes not prevfousiy 3eated, 

Fabrication and ins ta l la t ion  of additFonal equipmnt f o r  high tenperatwe 
microscopic e m t i o n  of i r radiated materials has been completed. l?~ 
glove box containing the resistance furnace is equipped w2th glass PO-rts 
through which specimeas c m  ?x examined f-om ei tker  the top or the side of 
the "V" shaped tungsten fQameEt of the furmce. A +,bird port f ac i l i t a t e s  
measurement of spec'hen temperatures with an optical  pyrometer. 
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Examinstion of Irradiated U02  with burnups of 72,500 and 97,000 MWD/T 
has been ini t la ted.  
examined under the microscope at  temperatures t o  the melting point. 

Several samples of e a c h l o t  of material w i l l  be 

Ultra-High Density UOp. 
were compacted in the Dynapak machine a t  l%O C t o  bulk densities of 99.5 
and 99.w T.D., respectively. 
than 5OO,ooO ps i ,  and was obtained Kith the a i d  of modified Bri- anvil 
die inserts.  

Fused-200 mesh UO and sintered -200. mesh U02 

The compacting pressure used was greater 

Electron micrographs of U% compacted by the Dynapsk process indicate that 
specimetm heated t o  ll00 C or h&@?r contain numerous s m l l  closed pores. 
It is probable that these pores a.re caused by gases evolved from the UO2. 
Since the specimens are va&um outgasaed at 600 C before the stainless 
s t e e l  capsules are sealed, it is d i f f i cu l t  t o  see how large aslouts of 
adsorbed gases could be present. 

A mom logical. source of gas is the oxygen contained in the U02 in excess 
of the stoichiometric requirement. 
2.05-2.09. The excess oxygen contained in  a typical 85 gram U 0 2  specimen 
is equivalent t o  200 m l  of 02 gas at room temperature and atmospheric pres- 
sure. 

Micronized U 0 2  has an o/U ra t io  of 

Samples of micronized U02 compacted in the Dynapak a t  various temperatures 
from 900 C t o  1200 C were amdyzed for  O/U r a t io  by coulometric analysis. 
O/U ratios decreased with increasing temperature, indicating that excess 
oxygen is  indeed evolved. 
temperatures are tabulated in Table I. The lower U02 density above ll00 C 
may be due t o  the presence of gas and/or t o  the decrease In the p l a s t i c i ty  
of U02 with decreasing O/U ratio. 

O/U ra t ios  and densities obtained at  the various 

Table I 

O/U Ratio of Micronized UOp Heated t o  Vsrious Temperatures 
and C-cted by High Energy Impa c t  

Temperature, C o/u Rat io  

2 e 0615 
2.0579 
2.0541 
2 0429 
2.0369 
2.009 
2.0094 
2.0133 

~T.D. 

88.8 
06.3 
91.1 

92.2 
88.9 
91.9 

g:: 

*Stainless s t e e l  capsule reacted with U02 o r  with 02 gas, 
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Eqerimental evidence has been obtained which indicates that the decrease 
in compacted density shove UOO C is due t o  lack of p las t i c i ty  in near- 
s to ich imet r ic  U02. Micronized U02 was =de stoichiometric by reduction 
wlth hydrogen, loaded i n  a stainlese steel caprule, sealed in vacuum, 
heated t o  1xx) C, and compacted by high energy impact. 
was the s€une a8 tbst which had preriouclly resulted in a density of 99.4$ 
T.D. for nonetoichiometric U% after heating f i r 8 t  t o  KO0 C, then cool- * t o  800 C or  lower. A density of 95.3s T.D. w88 obtainea. 80 reaction 
layer at the U%-cladding interface raa found, which indicates that the 
reaction product6 previously formed were cuused by 89 02 - stainless  s t e e l  
reaction. Electron micrographs of the coqacted U@ show that pores of the 
type found in  nonstoichiometric U e  compscted at 1200 C are not present. 

m c t  pressure 

It was concluded that so1138 excess oxygen is ne!cea~ary f o r  high compacted 
densities, the amount depending upon compacting pressure, temperature, and 
powder paxticle size and past treatment. 
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4, BASIC SWELLING STUDIES 

Irradiation Program. General swell- capsule No. 5 containing one 3 per 
cent enriched and twQ natural  uranium spheres was discharged from the 
reactor. It had operated at  a control temperature of 525 C. One thermo- 
couple f a i l ed  quite ear ly  in the test supposedly due t o  thermal shock. 
The heater and the other three thermocouples retained the i r  integri ty  un- 
ti& discharge. When the reactor was operatin& there was a large tempera- 
ture gradient along the capsule due t o  the difference in specific ra te  of 
heat generation because of the two levels of specfmea ewichment employed. 
In future capsules of t h i s  configuration, it is planned t o  inser t  only 
specimens with the same U-235 content. 

General swelling capsule No. 4 containing four natural uranium spheres 
was a l s o  discharged. 
original integrity.  The specimens of both capsule No. 4 and 5 will be 
examined in  Radiometallurgy as soon as the radioactivity has decayed enough 
t o  permit handling. This will probably require another s ix ty  days. 
graphy and density rceasurements will 5e performed arid, depending on the 
resul ts ,  other physical measurements m y  be made. 

A l l  of the components of t h i s  capsule retained the 

Metallo- 

The assembly of capsule No. 6 was completed, successfully bench tested and 
the capsule was charged into a reactor. 
inch diameter, 30 m i l  wall, s p l i t ,  hollow cylinders, two of which are as- 
extruded and a th i rd  that was oil quenched from 730 C a f t e r  a holding t i m e  
of fifteen minutes in vacuum. 
capsule showing the internal components includbg the NaK level. 
graphs were taken both ver t ica l ly  and horizontally a t  room temperature, 400 C 
and 500 C. Under each of these conditions shots were taken Wo apart t o  
view all of the internal parts. 
the expansion chamber was observed t 3  decrease as the capsule was heated 
i n  spite of the f ac t  that NaK has a much higher coefficient of expansion 
than the capsule tube. 
t o  change from a convex shape t o  a concave shap indicating an i n i t i a l  
non-wetting and a subsequent wetting action. 
vices i n  this  capsule, it is postulated that the lowering of the N U  level  
is brought about by the wetting of the interns?. surfaces of the capsule 
and the attendant flow of NaK into cracks and crevices. 
therefore, e i ther  that the capsule be hot when it is f i l l ed  with NaK or 
that the initial heating a f t e r  filling be done horizontally so that the 
flexible bellows arrangement i n  the NaK expansion chamber can perform as 
designed and allow NaK rather than helium t o  be drawn back into the speci- 
men chamber. 

This capsule contains one-half 

Radiographs were taken of the completed 
The radio- 

Interestingly enough the level  of NaK i n  

Concurrent with thLs the NaK meniscus was observed 

As there are numerous cre- 

It is  important, 

Pore Size and Distribution. 
used as a direct  means fo r  determining the size and Cistribu5ion of pores 
i n  irradiated uranium. 
g8s atoms migrate, coalesce, and grow into large pores. 
sis of pore density and size relationships which exis t  i n  irradiated uranium 

Optical and electron microscopy are being 

Such information is needed for  understanding how 
S5at is t ical  analy- 

, 
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subjected to post-irradiation, unrestrained annealing treatments is coc- 
tinuing. The specimens are  being analyzed with respect to the following 
parametere: (1) burnup level (0.29 a/o vs. 0.41 s/o), ( 2 )  temperature 
of irradiation (550 C, vs. 350 C,), (3) tcmperature of amealing (25 ,  
600, 650, 700, and 880 C), and (4) time at temperature (1 hour 'ts. 100 hrs). 
The numbers of pores of a given size, as w e l l  as the volume of these pores 
per unit volume of uranium have been determined for the various conditions 
listed above, and a r e  being plotted graphically. Such curves are being 
subtracted from each other to yield diskribution difference curves, and 
these in turn wiil be analyzed to establish the relative importance on 
swelling of the parameters under consideration. 
contribute to the understanding of the kinetics and mechanisms of the 
swelling which has occurred in the specimens being studied. 

Sucn an analysis should 

Specimens of uranium irradiated to 0.29 a/o and 0.41 a/o burn- have been 
annealed for one hour at 680 C, and will be processed for metallography. 
The respective densities o f  the two specimens after the anneal were found 
to be 18.66 and 14.67 g/cc. 
and exhibited very little coherency. 
is being rechecked, since this value is not consistent with values obtained 
after annealing at lower temperatures. Four additional specimens from each 
of the 0.29 a/o and 0.41 a/o burnup material have been declad aad are being 
annealed at teqperatures of 400 and 500 C, respectively. 
times, 1 hour and 100 hours, coasistent with previous, higher temperature 
anneals arc being used. 

The high burn- specimen was severely cracked 
The density of the 0.29 a/o specimen 

Two annealing 

In support of the radiometallurgy processing of specimens irradiated under 
conditions of minimum tenperatwe gradients and constant temperatures , 
unirradiated control specimens have been processed f o r  mtaUography and 
density. 
techniques. 
nally, weighing approximately 2 grams. 

Satisfactory results have not yet been obtained by radiometallurgy 
The specimens are hollow cylinders of uranium, split longitudi- 

Because of their smll size, they 
difficult tc handle and test remotely. 

Fission Product Mobility, 
in order to learn more about the mobility of fission products, particularly 
the inert gases, xenon aad krypton. 
Uranium surface by glow discharge and fission products are being introduced 
i n t o  an0 half of a diffusion couple by irradiatlng enriched uranium bonded 
to degleted uranium. The glow discharge-mass sgectrometer system is still 
in a state of evolution, but prelimbary measurements are under way. The 
mass spectrometer bas .hen operated extensively and has been calibrated 
for helium using several standard leaks, a calibratedleak and Veeco leak 
detector. It has also been calibrated for krypton and found to be more 
sensitive to this gas than to hel ium.  
is about 10l1 atom per sec. of helium while that f o r  krypton is about loLo 
atoms per sec. 
glass cell instead of the uranium one previously employed. After "glowing" 
the system will be evacuated, the specimen heated in place, and the exhaust 
gases monitored Wth the mass spectrometer. 

Several approaches ase currently being pursued 

Gases a r e  being introduced into a 

The lower limit of helium detection 

A ur-um disk is currently being trglowed" In -ton in a 

UMCLASSIFTED 
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The diffusion couple will consist of a a h e l l  of enriched uranium co-extruded 
w i t h  a core of depleted slraniun. Exkrusion i s  being used t o  produce a 
w e l l  bonded interface with a minirnm ef Interdiffusion of U-235 atoms. 
uranium has been melted aad cas5 znd is  now being prepared for  extrusion. 
The extrusion w i l l  be performed in  8 copper jatket. 
copper w i l l  be removed, the uraniun rod izlserted in an aluminum can using 
the standard Al-Si process, and the capsule will be irradiated cold i n  the 
basket f a c i l i t y  a t  the MTR or ETR. This should produce the sharpest possible 
interface t o  study the diffusion of f iss ion products d u r a  various anneal- 
ing treatments a f t e r  irradiation. 

1 

The 

After extrusion the 

Restrained Irradiations. 
uranium fuel rods with selected u r e m  temperatures, cladding thiclmesses, 
and exposures are 'being condtlcted eq lay izg  NaK f i l l ed ,  temperature monitored 
capsules. 
presently being irradiated in the MTR with goal exposures In the range 
0.25-0.9s B.V. 
fuel  rods ln these capsules through MTR Cycle 14-4 are respectively 0.28, 
0.12, 0.3, 0.38 a/o B.U. and 5 C 0 9  290, 6@0, and 335 C. 
charged at the end of E.ITR Cycle 14.4 a+, 0.3 a/o B.U. 
uranium temperature was 450 C.  
the MTR is  now belng irradiated in the ETR at  a central  uranium temperature 
of 425 C. The exposure is 0.03 a/o B.U. Three 1.6$ enriched uran ium rods 
co-extrusion clad In Ziscaloy-2 am2 irradiated in N a X  f i l l e d  aluminum cap- 
sules at Hanford are awaiting examfnation at the Radiometallurgy Operation. 
Exposure on these elements is a-ppiroximtely 0.14 a/o B.U. 

In reactcr swelling experiments on Zircaloy-2 clad 

Four swelling capsules GEE-14-98, 14-99, 14-104, and 14-105 are 

Exposures and average center uranium temperatures for  the 

GEH-14-101 was d i s -  
Its average center 

One cspsule of slmilar design t o  those i n  

5;. IN-HEACTOR MEAS- OF MECHANICAL PSOPERTIES 

In-Reactor Creep Measu-enenLs. 
specimen i n  a reactor are  contiming ia the prctot-ne capsule. 
aFpears t o  have operated sa t i s f sc tor i ly  kut the external +instrumentation 
has not. The d i f f icu l t ies  are associated w i t h  reactor modification work 
for  the new capsule bstrument fac i l i ty .  Roles were dr i l led  through the 
concrete f loor  with an air  hammer aeebr tlx ktstruuents. 
bration caused the instruments t o  nalitnction. 
been removed, recslibrated and adjuited, and reinstal led fo r  another attempt. 
However, since construction in the Immediate a res  is coritinuing, there IS 
no assurance that operation w i l l  Got be disrupted again. 

"E creep measwenents of a Wrcaloy-2 
The capsule 

Apparently the vi- 
The creep monitors have 

Capsule and Instrument kvelopmeat. 
capsules has arrived on-site and is  be- throughly bench tes ted before 
ins ta l la t ion  i n  the reac5or. 
aad continuity measurements are camglttcd, the nozzle csp i s  installed and 
the c a p s u l e . 1 ~  now ready f o r  k se r t ion .  A f i n a l  se t  of radiographs remain 
t o  be taken. 

me first of the second generation 

NG ahipying damage hELs been found. Resistance 

Pre-Irradiktion Material Characterizatim. 
Zircaloy-2 a t  332 C have been determined. 

Ac t in t ion  energies f o r  creep of 
The activation energies were 
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obtained fram Zircaloy-2 in the 25 per cent and 45 per cent cold rolled 
condition. Creep rates just before and just after an abrupt temperature 
change from 325 C to 340 C were used to calculate the activation energy. 

Values found were 62,000 cal/gm-atm. for 25 per cent cold rolled Zircaloy-2 
and 64,700 cal/gm-atm. for 45 per cent cold rolled material. 
creep conditions were observed upon changing specimen temperature. 
transient is the result of  either strain aging or the establishment of a 
new array of dislocetions approprtate for the new creep rate. 

Transient 
The 

As part of a program to evaluate the metallurgical character of materials 
to be used for in-reactor testlng, texture studies on Zircaloy-2 scheduled 
for in-reactor Cree9 testing are being conducted. 
and 40 per cent) Zircaloy-2 rods were found to have a texture shnilar to 
cold rolled Zircaloy-2 sheet. Textures of these cold rolled rods do not 
have cylindrical symmetry. 
assumed direction of rolling pressure with [LOigdirection parallel to the 
rod axis. 

Cold rolled (20 per cent 

The (0001) planes are inclined 60' to the 

6. GASGRAPHITESTUDIES 

Oxidation of EGCR Graphite. 
currently being studied to assist in evaluating the hazard of runaway oxida- 
tion in the event of a coolant line rupture. 
groximately 2.45 times as rapidly as CSF under identical conditions. 
EGCR graphite: 

Oxidation rates of EGCR graphite in oxygen are 

This graphite oxidizes ap- 
For 

-+=- Oxidation rate (h-1) = LO x 10u 

BGCR graphite pits q d t e  badly on oxidation indicating a relatively high 
concentration of metallic impurities. 

Graphite Oxidation by OXyR en. An experiment to test the effect on oxidation 
rates of variation in f low and surface-to-volume ratio and prior irradiation 
was recently completed. No influence from these factors was discernible 
within the ranges st 
500 C o f  0 and 4 x l%%t ( 
to volume ratios of 10 and 20 inm1. 
a 4 x 23 factorial in which two levels of each variable were tested at four 
temperature levels. 

. The range of variables covered irradiations at 

The experimant was a 1/2 replicate of 
1 mev), flows of 0.2 and 2.0 cfh, and surface 

Microwave Activation of Nitrogen Gas. 
tbt the apparent decrease in reaction rate with time that was reported 
last month for  the N2 + C (graphite) reaction in a microwave field was due 
to an Initial outgassing of the sample when the glow is first turned on. 
Preliminary studies of the effect of pressure on the reaction rate at about 
200 C are shown: 

Use of a recording balance has shown 
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Approximate Pressure 
Microns Hg 

625 
600 
225 
190 

Spec if ic We ight Los s Rat e 
p/gfhr 

4.6 10-5 
5.1 10-5 
u.3 10-5 
13.2 1.0-5 

In-Reactor Nitrogen--Graphite Reactions Studies. 
under an initial capsule pressure of 37.8 psi N2 was exposed t o  2000 MWD/AT 
in C Reactor, with the following results: (1) there was O.Ol$ weight loss 
of graphite sample (negligible), (2) the number of moles of gas in the capsule 
increase 1s due to diffusion of Xe from the pile atmosphere into the cap- 
sule (this transfer of He has been observed for every capsule opened so far), 
and (3)  the gas composition as analyzed by mass spectrometer showed no 
ccanpounds of carbon and nitrogen. 

Oxidation of Sic Coated Graphite. 
rods from the Carborundum Company that had been in reactor and received 
approximately 3,000 MWD/AT at 500 C were tested for integrity. All five 
coatings were on Speer 901 S base graphite and ran in air at 1,OOO C for 
493 hours wlth no indication of failure. 
tenths of a milligram was noted for each sample. 

EGCR Graphite Irradiation. 
was removed from the GETR on October 4 after exposure for four GETR cycles. 
A l l  24 aamples were in excellent condition, and preliminary results from 
the irradiation show the EGCR-type, needle-coke graphite to be consistently 
mom stable in the transverse direction than CSF graphite. A significantly 
higher contraction was observed in the parallel direction than in the 
transverse direction (3/1 = EGCR parallel/BGCR transverse), the EGCR-type 
parallel contraction equaling CSF parallel contraction. 
rate as a function of temperature and exposure w i l l  be reported as flux 
traverse information become available. 

Graphite at about 500 C 

The second group of Sic coated graphite 

A slight weight gain of a few 

The H-3  capsule containing EGCR prototype graphite 

The contraction 

The new capsule, H-3-2, contains 14 samples recharged from H-3-lto accumulate 
higher exposure and 9 new samples. 
broken EGCR graphite bar and four are of CSF graphite for control purposes. 
The samples in the first capsule were from a ptototypicd 16 in. x 16 in. 
square electrode. 
the cycle No. 18 shutdown for a planned four-cycle irradiation. 

Gas LoapIPro,ject Management and Deaign (ProJect Cm-822). 
package by Struthers-Wells (Phase A) has been completed except for operational 
testing after installation. 
assemblies was shipped on October 25. 
in damaged condition. 
costs, currently estimated at $4,000. 

Five of the new samples are from a 

The H-3-2 capsule wiil be inserted in the GETR during 

The ex-reactor 

The last of the four ex-reactor package sub- 
The first two sub-assemblies arrived 

A claim will be filed against the carriers for repair 
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7. 

Construction instal la t ion of the gas loop physically s tar ted on October 17. 
Minor Construction ararded a subcontract t o  J. P. Head Mechanical for 
the ina ta l l s t ion  of services and auxiliary equipment. 

Gas Loop Component Testinq. 
has been delayed due t o  excessive pressure drop a t  design conditions in 
the shroud coolant (heat) exchangers. 
fabricated and tes t ing will be resumed early in November. 

Mockup test- of the in-reactor t e s t  section 

Substitute heat exchangers are being 

Fabrication of a 50 KW heater, for tes t ing of the in-reactor section, was 
canrpleted and tes ted a t  rated capacity i n  air. 

The Arrowhead pin Joint was operated f o r  290 hours while being cycled 275 
times between 900 and 1500 F a t  450 ps i  before a small. leak developed. 
This unit  was specified f o r  500 cycles a t  the above conditions and w i l l ,  
therefore, be returned t o  the vendor as unacceptable. 

Several. t q e r s t u r e  detectors are  being evaluated t o  develop a protective 
device for the Gas Loop and are intended t o  monitor continuously f o r  signi- 
f icant  in-reactor movement of the high pressure tube relat ive t o  the 
calandria shroud tube. 
bas been completed. One un i t  accumulated over 10 
dr i f ted beyond acceptable limits. 
ascribed t o  mechanical defects caused prior t o  tes t ing rather than t o  
radiation damage. 

Irradiation tes t ing  of fo% Fen- l i n e  detectors 
nvt before i ts  response 

Failure of the other three units has been 

Four addi t ioaal  detectors, differing s l igh t ly  in composition from the 
original units, have been received f o r  irradiation testing. 

W o r d  Irradiations. 
of materials t o  be studied under contract with National Carbon Company were 
charged in-reactor for  a ser ies  of  short irradiations. 

Graphites, carbons, and cokes i n  the initial shipment 

X-Ray Diffraction Calculations. 
irradiated CSF samples (exposed t o  lo00 t o  k000 MWD/&T) resulted from the 
final w a l i n g  treatment of 3 hours a t  2800 C a f t e r  pr ior  annealing st 
2000 C. Thus, it appears that annealing at the c rys ta l l i t e  level  is sub- 
s tan t ia l ly  complete after annealing at 2OOO C. 

No change in  the X-ray garameters of 

Uectron Microscopy. 
gold. 
than those nucleating on crystal  faces. 
on graphite. 

Sodium chloride faces xere decorated with evaporated 

This technique lrLll next be t r i e d  
Cgystals of gold which nucleate at  l a t t i c e  edges o r  steps are smaller 

An ultra-thin s l i ce  of resin-impregnated CSF graphite was mounted on plas t ic  
and ground thinner on the Syntron vibmtory polisher. An area of interest  

L. 
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was cut f ree  and floated onto a grid fo r  examination. 
was possible only in  a f e w  areas near edges. Adattempt w i l l  be &de t o  
grind the sample even thinner. 

Direct transmission 

D. RADIATION EFFECTS om METALS - 5000 PROGRAM 

Radiation damage recovery is being studied fo r  a number of metals, namely, 
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless 
s tee l .  Three zirconium specimens have been isothermally annealed for five 
minutes a t  300, 475, and 550 C. 
i n  all cases. 
Microhar 
(0.9 x 1$5 and 1.5 x lo2' nvt) but e lec t r ica l  resistance in  both spechnens has 
decreased only s l igh t ly  from the post-irradiation values. 
be an effect  of the relat ively large amount of transmutation products present. 

Significant microhardness recovery occurred 
Isochronal annealing of copper has been extended t o  500 C. 

ss has shown nearly complete recovery in  both irradiated specimens 

This is  thought t o  

E. CusTom WORK 

Radiometallurm Service 

Three samples of irradiated KER Wrcdoy-2 process tubing were burst a t  roan 
temperature. Details are reported elsewhere in this report under Structural 
Materials Development (RM-330) 

Bumps as high as 30 mils were observed on the in te r ior  and exterior of a self- 
supported fuel element from ED. 
revealed a large grain size,  which contributed t o  the bunping (RM-408). 

Metallography of the longitudinal section 

Metallography kbomtor i e s  

A cracked Type 3 6  stainless  steel ferrule removed from a front face connector 
(Type 304 SS) of KER Loop 3 was examined t o  determine the cause of failure. 
Metallographic examination showedtbdt the failure was caused by stress-corrosion 
cracking. 
Examination of the connector, microscopically asd by Zyglo dye penetrant treat- 
ment, failed t o  reveal any cracks in the area from which the ferrule was removed. 

In i t ia t ion  of the cr&cks appeared t o  be from the outside surface. 

The a~ea l lng  of samples has been conrpleted fo r  the study of t i m e  and tempera- 
ture effects on the structure of the Alsi braze. A t o t a l  of 1% samples were 
heat treated over a temperature range of 250 C t o  550 C from periods as short 
as 15 minutes t o  100 days' duration. 
yet t o  be prepared f o r  microstructural examination- 

Sl ight ly  more than half the samples have 

Electron Microscopy. 
from irradiated U@ fractured and polished surfaces before and after anneal- 
as well as fracture surfaces from micronized and sintered U& which had been 
Dynapak extruded at I200 C. 

Work during the month included the examination of replicas 
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Replicas frm an irradiated Zircaloy-2 clad tubular fuel element were examined 
for cracks in  o r  near the bond zone. no cracks were found in the two replicas 
examined. 

Techniques f o r  making clean, carbon substraits  are being t r ied.  
matter fram air samples then collected on millipore f i l t e r  paper w i l l  be exa- 
mined and counted by means of electron microscopy by placing the millipore 
f i l t e r  on the substrait ,  dissolving the f i l t e r  and lea- the par t ic les  on 
the carbon substrait .  
by mans of electron diffraction. 

Particulate 

Identification of the par t ic les  caa also be accnmplished 

A W1 single crystal  wa8 strained and cleared immediately pr ior  t o  insertion 
in the evaporator. 
surface. 
microscope. 
in p r b i c l e s  of more  than one size depending on the ssit substructure. 
attempt will be made t o  adapt this technique t o  the exsmination of graphfte 
structure. 

Gold and carbon were then evaporated normal t o  the cleaned 
The film was floated from the Nscl surface and emmined in the electron 

It has been shown that there is a tendency for the gold t o  deposit 
An 

A modification of the evaporator was completed during the month which w i l l  a l l o w  
ewporation of three materials on a surface o r  replica h t e a d  of just one 
material . 

Samples Processed D u r a  the Month: 

To- eamples 
Carbon replicas -2 

Photoe;raphs 

Micrographs 354 
Macrographs 169 
Electron Micrographs 62 

585 
Special Fabrications 

A t o t a l  of 1,& co-extruded fuel elements was fabricated aad shipped as  sche- 
duled. The over-a;ll. yield for  the fabrication e f for t  was 75 per cent. This 
value is  based on the assumption thst the 25 pieces currently in process are  
all rejected. The yields at  the various process steps were as follows: 

- STEP - 
Casting 92 
Clean, Aasexnble, Extrude, and Straighten 90 
Rod Nchining 99 
Bond Testing 93 
Inspection 98 
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An evaluation program was in i t ia ted  t o  study the effect  of various extrusion 
temperatures on the  "dogbone" problem in these sol id  rod co-extrusions. 
pairs of bi l le ts  were assembled according t o  standard loading procedures but 
the nose projection on the b i l le t  can was removed from one bi l le t  i n  each pair. 
!Jhe b i l l e t a  were located in the  central  section of the furnace, adjacent t o  the 
thermocouple, fo r  outgassing t o  give reliable tenperatwe control. 
temperatures fo r  the three pairs were 590 C, 550 C, 525 C. 
was maintained at 525 C for  a l l  runs. 
and measurements of the can WBU aze now being made. 

Three 

Extrusion 
Container temperature 

Radiographs have been taken of the elements 

A techn;t_que fo r  coating low surface area arc melted normal U02 with electroless 
nickel has been developed. 
coated with a uniform coating of nickel of 7.5 micron thickness. 
gives t o t a l  alpha radiation shielding. A sample of arc melted and crushed PuO2 
w i l l  now be.coated using the same technique and the alpha emission checked 
before and after costing. Samples of coated PuO2 will be briquetted with poly- 
styrene into discs t o  check fo r  gas evolution, if any, resulting from radiation 
damage of the plast ic .  

Par t ic le  sizes in a range of 100 t o  250 microns were 
This thiclmess 

NPR Charging Machine 

Fabrication of a Aill-size charging machine is presently favored over the reduced 
s ize  model initially proposed. 
development program and will provide the early avai labi l i ty  of a charging machine 
for  operatianal training and ini t ia l  reactor testing. 

A work review w&s issued'and approved for  assignment t o  plant forces. 
t i on  and procurement have been delayed pending resolution of the following items: 

This approach WFU permit a more thorough 

Fabrica- 

1. 
2. 
3. 
4. 
5. D r a w i n g  approvsls. 

Receipt of  new work order. 
Selection of frame material (carbon s tee l  o r  alminwn). 
Range of machine ver t ical  travel.  
Method of supporting charging forces. 

Limited ac t iv i ty  was continued in  tes t ing the positioning cylinder, which 
operated sa t i s fac tor i ly  . 
Drawings of the nozzle adapter using a low pressure integral  relief a re  60 per 
cent complete. 

NPR magazine tubing was received during the month. 
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Shielding Analysis 

Calculations were made of dose rates from high exposure Pu product solutions 
in product removal cam of the present design for the Non-Production Fuels 
Facility design group (CPD). The gsmma dose rate was calculated t o  be 3.1 
mr/hr at  one foot from the can and is  due predominately to residual f iss ion 
products. 
sion was estimated to be 3.5 mrem/hr. 

A t  the same location, the neutron dose rate due t o  spontaneous fis-  

mer, Reactor and Fuels Research 
and Development 

FW Al’caugh:kb: jt 
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lsaponent ial Measurements fo r  N-React or 

The f inal  buckling f o r  the w e t  mockup l a t t i c e  is 116 x 10'6cn-2 with the graphite 
control rod plugs i n  the pi l e .  
rod plugs remaved and 1 inch diameter Lucite rods in the control rod channels i s  -6 2 U O X  10 a- . 

The bucuing measured with the graphite control 

FCTR Measurements f o r  a Reactor 

a, 

.b. 

Measurements of Lattice Parameters 

Measurements of l a t t i c e  parameters f o r  N-Reactor have been made in the PCTR. 
Analy8is is proceeding and preliminary results obtained are listed below: 

Mockup 
Wet - D r y  - 

Condensed Lattice 
Wet - Dry - 

kaB 1.0'75 1.015 1.069 1.005 

f' 0 0879 0.941 0.8% 0 950 

E 1.059 1 .on 
The listed values of E were obtsined f'ran the method used at WAPD and BI?b 
c-ing the f i ss ion  ac t iv i t i e s  of bare enriched (O.938$) and depleted U 
fo i l s .  A value of P = 1 . 2 5  waa used t o  correct measured fission product 
gamma activities t o  corresponding fission rates. 
ccmparing cadmium ra t ios  of enriched f o i l s  and U-235-U alloy foils would 
yield values for E of 1.036 and 1.040 for the w e t  and dry cases. The csdmium 
r a t i o  method is considered invalid because the large cadmirrm box covering the 
sector foils drast ical ly  reduces the fission neutron production inside the 
bar. 
foils, although a small depression wou ld  s t i l l  occur. 

I?-Reactor &el Temperature Coefficient 

The three-element resistance themmeter  system, described in AaagUSt, hss 
been ccmpleted and is being calibrated over i t s  usef'ul m e .  
data look quite satisfactory. 

The Hanford method of 

Tha cadmium r a t i o  could be used more successArlly w i t h  pins instead of 

Preliminary 



Digital Ccmputer Codes fo r  Reactor Analysis 

A large par t  of the programing necessary t o  couple (2-5, an ANP slaring dawn 
spectrum code, t o  the 100 point data tape has been canpleted. 
t o  t e s t  the success of t h i s  coupling arrangement independent of the remainder 
of the C-5 program. 
those quantities which are  t o  be changed need be entered fo r  succeeding cases. 
Although mszry quantities used by the program are nonnally obtained fram the 
nuclear data tape, any of these quantities may be read in along with the normal 
problem input. 

It w i l l  be possible 

The input t o  12-5 is being designed in such a way that only 

Debugsing of HFm, the Hanford version of the multigraup neutron diff’usion theory 
code FM, is continuing. 
groups, making it more flexible than ather FORTRAN language multigraup codes i n  
use a t  Hanford. 

HFN allows neutrons t o  be scattered between any two 

A t t m s  were continued t o  resolve the differences between FM and HFN resul ts  for  
an in f in i te  medium thenasl spectrum calculation. 
earn  each other, neither the FIQ nor the HFm results are  self-consistent. 
been supposed that the differences are caused by round-off error, while the incon- 
sistencies appear t o  be caused by errors in the i te ra t ive  techniques used. 
l a t t e r  errors do not affect  calculations on models including epitheraal groups. 

In addition t o  being different 
It has 

These 

As was mentioned last month (m-66960~)~ the multigraup diffusion equations become, 
i n  an infinite hanogeneow mediumg a se t  of simultaneous, linear, algebraic equa- 
t ions.  
in error because of improper application of.= existing program. In order t o  get 
an independent solution t o  the problem, and t o  f a c i l i t a t e  study of i t e ra t ive  
methods of solving se t s  of equations, a short experimental program, -5, w a s  
written. €&TAD-5 solves, by i teration, a hanogeneow se t  of sirrmltaneous, linear, 
algebraic equations. 
that used i n  HFp3, and gave almost identical  results,  canplete w i t h  the inconsis- 
tencies mentioned. This indicates that the formulae in HFm which a l l o w  for 
spa t i s l  flux variation introduce relat ively l i t t l e  round-off error  
experiments with QUAD-5 led t o  two i te ra t ive  methods which yielded identical, 
self-consistent resu l t s ,  
HFIP, and were much closer to the  latter. HFN is n m  being modified t o  use the 
fas te r  of the two techniques. 
let ter describing progress to date, with a request f o r  a copy of the l a t e s t  FN 
symbolic program deck, has been sent t o  the or iginal  author of FN. 

The reeul ts  of solving t h i s  se t  of equations, mentioned last month, were 

The f irst  version used an i t e ra t ive  technique similar t o  

Successive 

mese results,  with the FI? results, bracketed those fran 

A t t e m p t s  t o  duplicate FN results have fai led.  A 

Correction and checkout of C-3 proved t o  be much more difficult than anticipated. 
This was due t o  the fact that the error WBB not a logical one but involved a 
l imitation of KB!l%AN w h i c h  is not mentioned i n  the FORTRAN Reference Marnln’l. 
It turned out that the ~~ ccmpiler set aside two locations f o r  a subscript. 
In different parts of the program the mschine used these different locations, 
one of which contained the correct value and the other one a zero. This error 
was rect i f ied.  

Test cases ntn using F-3 and AIM-5 codes shawed certain characterist ics of the 
different codes : 



B-3 

F-3 - 
Easy input. 

AIM- 5 - 
Input more involved. 

Very few options. Many options, very versati le.  

Calculates flux for the input given. Does repeated flux calculations, varying 
specified parameters and searching fo r  
best value. 

Presently limited t o  3 groups and 
10 regions. 

12 groups and 20 regions possible. 

Fast ( r~ .01 hr per case). mot so fast ( .04 hr per case). 

Easy interpretation of output. Sane parameters of output need interpre- 
t a t ion  ( A ) .  

Computational Programming Services 

VTOCL, the monitor version of the production code fo r  exponential p i le  data reduc- 
tion, is conditionally checked out and is processing production data under close 
observation. Corn-2, the cosine-fitting caapanion code, is undergoing con- 
version, expansion, and refinement of error-detection techniqpes. The principal 
additions t o  this code are'the inclusion of fast source theory hmnonic correc- 
t ions and calculation of & h e w  by the cadmium r a t i o  method. 
significant mount of revision. 
accaaplishes matrix inversion by cofactors (IIWRTl) is ready fo r  use. 
value as a general-purpose routine is seriously reduced by the restr ic t ions im- 
posed by i ts  subroutine DETERM, which requires that there be no zeros on the 
diagonal .  

Both r e w e  a 
COFIT-2 is about 25$ ccmplete. A routine which 

Its 

Instrumentation and Systems 

Cooperative effort  continues with Instrumentation Design, C W O ,  and Instrument 
DeveloFQlent, IPD, concerning the hybrid mpR Fuel Failure Monitor. The slow-scan 
portion c i rcu i t  specifications are being prepared for canplete transistorization 
t o  assure the best possible r e l i a b i l i t y  and t o  reduce instrumentation volume, 
which is, now, an extreme problem. The evolved-Slow-Scan system w i l l  use two 
detectors 180 degrees aptxrt on each scanning wheel, each v i e w i n g  a process-line 
Sample can. 
Transistorized switches and annunciators w i l l  indicate the appropriate process 
l i ne  activity increase. 
two standaxd radioactive sources. 

The opposite sample cam will be for adjacent reactor process tubes. 

Ccunplete system checking will be accanplished using 

E P f O A  was restarted on the original (proposed) developtent sc in t i l l a t ion  Fast- 
Scan System snd, slip-rings are ready f o r  instal la t ion.  
rings, a d is t inc t  change fran the original method, will pennit removal of the 
amplifier and high voltage supply fran the scanning wheel. 
method, both averaged signals and pulse information can be obtained direct ly  if 
desired. Several new circui t ry  ideas will be incorporated as planned. 

The use of the new slip- 

In addition, by this  
1 .  

I 
L' 
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A meeting w a s  held with members of Instrumentation Design, CShUO, and Radiologi- 
cal Engineeringp IpDo t o  resolve differences concerningthe prototype NPR Dual- 
Probe Scint i l la t ion Building Area Monitor. The building monitor prototype per- 
formance exceeds the specifications as originally desired; however, there are 
definitely several 105-N locations where use of our developed unit w o u l d  be 
incorrect due t o  the extreme variation of gemma field levels, depending upon 
the reactor condition. For these particular locations, a modification of our 
original prototype or  e lse  a cunpletely different detector-instrument approach 
t o  the problem w i l l  be necessary. 
logarithmic monitor may w e l l  f i t  the needs. 
necessary before it can be resolved. Frau the discussions t o  date, it appears 
that our prototype system (Dual-Probe Linear) will be satisfactory, without modi- 
fication, for about 85 of the 106 locations i n  log-N. 
w i l l  have t o  be modified t o  de-energize the more sensitive probe during up-reactor 
time or  e lse  incorporate the servo log system. 

Our in-developtent, servo-system multi-decade 
Further problem discussion will be 

For the  remainder, our system 

All fabrication is ccanplete on the grototype NPR Bets-Gama Scint i l la t ion A i r  
Monitor except f o r  a cart t o  mount the unlt on. 
and the new detector head is complete and being tested. 
factory t o  sll part ies  concerned. 

All circui t ry ' tes ted correctly 
This unit  seem satis- 

S a m  of the 100-D reactor operating data collected last month f o r  the autanatic 
control study were plotted on a cceumon time baee t o  determine w h e t h e r  useful 
information on-reactor dynamics could be obtained. It appears that some usef'ul 
quali tative information on flux dis t r ibut ion asd the& time delqys msy be ob- 
t e e d  in this m e r ,  but modificstioas t o  the present instrumentation w i l l  be 
necessary t o  obtain quantitative infomation of sufficient accuracy t o  check 
theoretical  studies. 

The reactor kinetics test problem waa run on the Goodyear c q t e r  again a f t e r  
making changes in scaling methods. A considerable improvement in accuracy and 
repeatabil i ty w a s  obtained as canpared t o  the previous t e s t s .  It is planned to 
study coupled-reactor kinetics next, using the  analog camputer, t o  detellaine 
the effect8 of changes in couplbg coefficients and ather reactor parameters on 
various types of autamatic control devices. 

A paper has been issued on the principal results of the reactor kinetics e-- 
t i on  study. An additional paper on an apparently novel mathematical technique 
has been issued, and a second is being typed. 
of the reactor  study. 
preparation. 

These evolved as a by-product 
Additional reports and papers on the work t o  date are in 

The simnzlation of the NPR primary loop is on the EASE canputer. 
presently being revised t o  make more econanlcal use of the ccmputer. 

The program 1s 

Plans are being msde t o  simulate the ent i re  lpHi system for  use by operators 
and supervisors 88 a training a id .  
for  ccgnpletion by movember of 1961. 
below. 

This is  a long ragge program snd is scheduled 
The general method of attack is outlined 

A. M8,ke preliminary &vestiqations of reactor using a detailed sim.ul8tion. 

B. Make a study using a simplified model. 



C. Cmpare response of A and B. 

D. Revise the simplified model as necessary so that it has the sane response 
88 the more refined model. 

Determine w h a t  equipnent is necessary t o  construct the camplete model. E. 

F. Revise and hprove simulstion as necessary; 

Work was begun on the E R  pressurizer analysis. 
and w i l l  go on the GEDA canputer th i s  month. 

Sirnulation of the latest study on speed of control waa canpleted and the resul ts  
given t o  the IPD Reactor Physics Operation. 

The problem is being scaled, 

SEPBRATIOSS 

a. Cri t ica l  Msss Laboratory Progran Meeting 

The W o r d  Operations Office of the Atomic m r g y  Commission arranged a 
met ing  at Richland on October 25 and 26 t o  review the program presently 
planned for  the Banford Plutonium Cr i t ica l  W s  Isboratorg, a.nd t o  modify it, 
if necessary, t o  met the aver-all needs of the A t d c  Energy Commission. 

Personnel in attendance fran off s i t e  were: 

E. F. Mlller - ABC, HQ Division of Production - Germantam, W. 
A. F, Perge - AEZ, HQ Division of Production - Germantown, a. 
M. C. Gaske - AEC, HQ Division of Licensing and Regulation - Germantown, M.. 
P. Hogroian - AEZ, HQ Division of Licensing and Regulation - Germantarn, MI. 

Do C. Davis, Jr. - A E ,  OR00 

H. IC. Clark - duPont Savannah River Laboratory 
To J, Cloven - W o n t  Savannah River Laboratory 
R. L. Menegue - duPont Savannah River Laboratory 
J. P. Nichols - O a k  Ridge National Laboratory 
J. T. Thanas - Oak Ridge Sational Laboratory 

G* He Daly - AEC, 

J. U, Pollock - AEZ, ID00 

SROO 

Sane o f t h e  principal items of discussion frm the agenda were the following: 

a) ~raposed &nerd prom of Studies for  w o r d  mutonium Cri t ical   ass 
L&boratory 

b )  Initial Bcperinents for  the Laboratory 

I .  Time Sequence for  Accanplishing the E5rperimental Program 

sage I1 of Hanford Plutonium Cr i t ica l  Mass Laboratory 

Discussion of Types of Experiments and Cri t ica l i ty  Data of Special 
Interest  t o  Other Si tes  

Manner of Scheduling Experiments and Integration of Program. 
1 2 3 4 2 b 2  



b. 

Minutes of this meeting have been 
EW-67240 RD, "Minutes of Crit ical  
E. D. Clayton. 
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prepared covering the canplete Bgenda, 
Mass Laboratory Program Meeting," by 

Promess Toward S t a r t u ~  of Plutonium Cr i t ica l  MESS Laboratories 

Feniliarization and checkout of the instrumentation i n  the f a c i l i t y  is con- 
tinuing. 

Fabrication of the neutron source drive assembly and cask w a s  canpleted 
during the month by the technical shops; the source drive mechariism will be 
used t o  remotely position the  neutron scurce during the approaches t o  c r i t i -  
cal i ty .  

Nuclear Safety Meeting - Iaaho Falls 

A meeting of AM: and contractor personnel was attended by C. L. Brown, Crit ical  
W s  PQmics, i n  Idaho Falls, on October 27 and 28, 1960. 
meeting wa8 t o  discuss nuclear safety i n  the transport of f i s s i l e  materisls. 

The purpose of this 

Data Correlation - Develapnent of Nuclear Codes for  Cr i t ica l i ty  Calculations 

a. 

b. 

Analysis of the P-11 Burst 

Ae a check on the r e l i a b i l i t y  of the burst analyses, which were made f o r  the 
"Hazards Summary Report for  the Plutonium Cri t ical  W s  Laboratory," HW-66266, 
simi lar  calculations were made t o  reproduce the nuclear excursion which oc- 
curred at Hanf'ord at the "P-ll" f a c i l i t y  in November of 1951. The resul ts  of 
this snalysis are given below, together with corresponding data reported f o r  
the excursion in Document HW-24327 by B. R. Leonsrd. 

SUhMARY OF TRAIQSIEZIT STUDY FOR PlE P - l l  A C C I D m  

Calculated HU-24327 

Peak Puwer (Megawatts) 56.06 50.0 
To ta l  Energy (Mgswatt 8-sec ) 1.21 16 3 -0 
T o t a l  n S 8 i O m  3-75 x 10 9.3 x 10l6 
~ ~ I E U B  Reactivity (muarsj 1.72 - 

Period ( m i - s e c )  5.0 10.0 

The above results are considered satisfactory f o r  the purpose Intended, i n  
view o f  the inherent d i f f i cu l t i e s  i n  making calculations of this type. 

Lat€ice m e r  Code - IDIOT 

The present IDICIT code is being m o d i f i e d  t o  improve the general over-aU 
capabili t ies of th i s  code. I .  The folluwing impruvenents are being made in the 

Speedup of the  P-3 subroutine, 
Iinpraved Westcott panmeters, 
A m o r e  flexible input, 

1 2 3 U b 3  
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d )  

e )  

Iinproved technique f o r  calculating f a s t  f iss ion interaction between 
fuel assemblies, and 
Improved calculation of the resonance capture, i . e . ,  calculation 
of the resonance shielding effect  of adjacent fuel rods. 

R. J. Shields of the Irradiation Processing Department has revised the P-3 
subroutine previously coded by D. D. Matsumoto with the following improve- 
ment s : 

a) 
b )  
c )  

The time requirement w88 decreased by a factor of 20, 
The memory requirement w a s  reduced by a factor of four, and 
The worMng tape was eliminated. 

The revised P-3 subroutine has been canpletely debugged and placed into opera- 
t i on  i n  the present IDICYl' code. 

The l a t e s t  Westcott parameters have been transferred t o  a card library suit-  
sble 88 input t o  the curve f i t t i n g  POLL1 code. The curve f i t t i n g  process is  
appraximately 80% camplete. 

There has been some d i f f icu l ty  i n  f i t t ing the Westcott "s" parameters f o r  
the fissionable isotopes Over the temperature range of 20°C t o  128OoC 
with a single function. 

The input formats t o  the IDIW code have been rewritten (but as yet not 
canpiled) so that a new case may be processed u t i l i z ing  only those cards f o r  
which changes frcxnthe preceeding case are denoted. This will permit survey 
type calculations w i t h  a minimum of input data. 

C. &pl icat ion of 9-Zoom M!.Iltigraup DifArsion Code t o  Plutonium Solution 
Experiments 

Further work was done on the correlation of theory with the early plutonium 
solution c r i t i c a l  arperiments. 
multiple group difArsion code, it was possible t o  calculate k effective within 
25 for reflected cylinders with H/Pu ratios i n  the range of 200-600. It was 
possible t o  calculate k effective fo r  baze spheres t o  14 for  H/Fu ratios i n  
the rmge of 7OO-l.2OO; however, calculated resul ts  for  reflected spheres are 
not sat is f ac t ory . 

Using a revised data tape w i t h  the +Zoom 

Data Correlation - Enriched Uranium Rods in Light Water 

The correlation of theory with experimental data f o r  uranium rod l a t t i ce s  i n  water 
at 14, e$, and 3s U-235 w a s  continued. 
lishing accurate cladding corrections f o r  the BT3L data with 1.035 enriched uranium. 
The uranium rods a t  th i s  enrichment were clad i n  28 mils of alumin=. 

The endeavor th i s  month w a s  toward estab- 

A previous conservative estimate f o r  the effect  of the aluminum cladding on the 
buckling was 250 pB. 
using the 709 lDICrr code are sham in the following table:' 

The resul ts  of the recent calculations w h i c h  have been made 
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CALCULATED BU(XfJI'& CORRECTIONS FOR 28 MIS ALUMIENM 
CLADDING - 1.03s mIcHH) URAmXJM RODS III WATER 

Bucklings 
Rod (10-6m-2) 

vw Exper -ental Calculated Calculated 
(clad) ( m e )  

Diameter - 
(inches ) l h l  ( C l a d )  - 

2.9 
3 -6 

3170 
2860 

2800 2970 
3080 3260 
2830 360 

0 A0 2.0 3610 3450 3572 
2.4 3690 3670 3760 
3 -0 3320 3 410 3 4 9  

0.75 1.7 3620 3460 3570 
2.1 3790 - 3820 3850 
2.6 3500 3620 3680 

Difference 

170 
160 
230 

62 
90 
80 

110 
30 
60 

Interaction of Subcritical SJTStems 

An examinstion of the interaction between subcrit ical  f i s s i l e  uni ts  has been 
undertaken in order t o  provide information f ac i l i t a t i ng  the safe storage and 
W i n g  of such system. 
sidered both rely on a variational method t o  obtain a stationary expression for 
a parameter such as k-infinity o r  k-effective. A multigruup method based on 
the Selengut nnrltigraup equations reported in HW-59126 may be used t o  get such 
a stationary expression. - expression for k-effective wa8 formulated using only two energy groups. 
Several system, consisting of both isolated fuel regions and pairs  of inter-  
acting fuel regidas, were considered in  evaluating k-effective. In all cases 
the result ing k-effective8 were 20 t o  30s below the experimental values. 
t o  the degree of appraxlmation ueed, the method is not only inaccurate but 
highly non-conservative. 
poor resul t  8 .  

The two cauputational methods w h i c h  have been con- 

In  an application of the multigroup method the stat ion-  

Thus, 

It i s  not clear at this time why the method gives such 

The second method, reported by Stuart in Vol. 28, pt. 1, of the Jaurnsl of 
Applied - lcs, conaidera the  t h e 4  diffusion eqaation with a source depend- 
ing on an infini t e  medium slaring d a m  kernel. llPlis equation leads t o  a sta- 
tfonary expression for the parameter of interest which is different fraa that 
obt-d by the rmltigraup method. In actual calculations Stuart u8es an emphi- 
cal kernel t o  represent the in f in i t e  kernel. Again, as in the nrmltigroup method, 
a two-group approximation was effected by replacing Stuart's kernel by the 
appropriate two-group kernel. The value of k-effective for  an infinite cylinder, 
watw reflected, w88 calculated using bath the Stuart method and the  two-group 
approximation t o  th ia  method. The resul ts  show agreement within 5 s  between the 
two m e t h o d s ;  however, bath are slightly below the experimental value and thus 
non-conservative. The Stuart method gives k-effective within 2$ of experinsent, 
w h i l e  the  two-group approlximation is 7s below the experimental value. 
method and the two-groupqpraximation agreed t o  within 3$ when the interaction 

The Stuart 

d f T 3  4 2 b 5 



B-9 

. .  

. L' 
L 

between two inf in i te  slabs was considered. 
of k-effective were above the experimental value, the Stuart k-effective by 4$ 
and the two-group k-effective by l$, and thus bcrth are conservative. 
reported here are tentative due both t o  the uncertainty in experimental data and 
t o  the limited number of cases considered. 

If the corresponding two-group appraximation t o  the St& method and t o  the 
Ilaultigroup method have the same degree of val idi ty  then it is apparent that t h e  
Stuart method is  considerably more accurate than the ntultigraup method. The 
reason for  the poor resul ts  of the nrultigroup method is being sought. 

Xn this case both calculated values 

The results 

Cr i t ica l i ty  Studies in Support of Processing Power Reactor 3Uels 

Measurement of kap in the  PC!!l!R f o r  Tbree Percent Ehriched Uranyl Nitrate 

Further work was done on the measurement of c r i t i c a l i t y  pare~neters for  evaluet- 
ing nuclear safety in connection with the reprocessing of pawer resctor f'uels. 
Measurements were cuapleted of k, i n  the PCTR for athree percent enriched 
uranyl-nitrate mixture with a n q i n a l  H/U a t d c  r a t i o  of 13. 
value for k, is 1.13; a final value of kr all be given when t h e  resul ts  of 
various a e s  which are being made onathe uranyl n i t ra te  are received. 

A preliminary 

On October 20, a meeting was held at the Critical Msss Faci l i ty  t o  discuss 
the! feasibility of using pulsed neutron source techniques (pulsed neutron source 
and t ime m e r )  in pre-cr i t ical i ty  illstrumentation for assuring nuclear safety 
i n  the  separations plants. 
FEO were in attendance; the meeting was called by M. T. Slind of FEO. 

A theoretical  investigation of the f eas ib i l i t y  of using a pulsed neutron source 
as a device for measuring hff of subcri t ical  assemblies has been undertaken 
at the request of the  Chenical Processing Department. 

The investigation is expected t o  yield infomation on the applicabili ty of such 
a device t o  problem of neasurenent within the Cr i t ica l  W s  Program as well. 

Representatives fran Hzx) - PIRDO and CPD-RcrE and 

c r m  
The plutonium c r i t i c a l i t y  m o d e l s ,  w h i c h  are being prepared as an aid fo r  nuclear 
safety education and training of plant personnel, are about 50$ complete. 
display w i l l  consist of models of spheres, cylinders, and slabs, both bare and 
reflected, for plutonium metal and solution of the actual c r i t i c& sizes. 

This 

The mass spectramter fo r  th i s  progran operated very sa t i s fac tor i ly  during the 
month. a The ion source y8cuu1p interlock operated. without diff icul ty .  
region of the spectraneter was given a prolonged heating and outgassing, snd 
since that time the spectrogneter has operated without the e lec t r ica l  b r e s k d m  
that have been so troublescare in  the past. The spectrometer was shut down once 
because of the fa i lure  of a drive belt on a mechanical vacuum pump. 
analyses were perfonred on two customer samples. 

The source 

Isotopic 



The primary effor t  during the month was the start of an investigation of the 
effect  of pretreatment of sample filaments on the efficiency and lifetime of 
uranium metal ion emission. 
experlrnents by M. H. Studier at ANL w h i c h  showed that the presence of carbon on 
a rhenium filement greatly increased the reduction of uranium axides. 
studies aze based on the relat ive uranium ion-uranium oxide emissions and l i f e -  
times of one microgram natural uranium s&les loaded in a standard filament 
geometry. The samples which have been investigated at this tinre have been 
heated t o  different temperatures i n  a propane atmosphere prior t o  loading. 
Excellent results-have been obtained with saae samples which indicate the desira- 
b i l i t y  of a more canplete systematic study of th i s  type of pretreatment. 

The pretreatment under investigation is based on 

Our 

lmrmolv CROSS SECPION PROGRAM 

Slow Meutroa Scatterina Cross Sections 

The series o f -  high resolution measurements of the quasi-elastic scattering of 
0.1 ev neutrons froa rom temperature water was canpleted. Some progress was 
made on the analysis of these data and that previously obtained for the scatter- 
ing of 0.25 ev neutroni. 

The resul ts  obtained on the quasi-elastic scattering of 0.147 ev neutrom fran 
water were reviewidand prepared for  publication in the Nuclear Phyaics Research 
Quarterly Report. 

Approximately two weeks of spectraneter operation were l o s t  because of Reactor 
Operations procedures. 
the speckrater. Following this, severe instrument damage was incurred from 
water dripping on the spectrometer frm an overhead duct on the X-2 level. 
repair  of damaged instruments and circui t ry  has not been canpleted as yet. 

A thennocouple ins taUat ioa  necessitated disassembly of 

The 

Subthreshold Fission 

Althazgh no new measurenents were made on this program$ the resul ts  which have 
been obtained on the ent i re  program were reviewed, reanslyzed and same new re- 
sults obtained fran existing measurements. Previously unreported resul ts  were 
prepared for  publication in the Nuclear Physics Research Quarterly Report and 
an abstract for a talk at an American physical Society Meeting. 

Previously unreported resul ts  of *this 
limit t o  the fission in the 20.4 ev resonance in 
peak resonance fission cross section of the 2.65 ev 
estimates of the t h e m  fission cross 
based on the resonance fission results. 

The upper limit 
resonance in Pu2' waa established t o  be 535 barne fran a reanalpis of prev- 
iously obtained. data. 
fran the value obtained f o r  the 1.06 ev resonance fission. 

o the peak resonance f i ss ion  cross section of the 20.4 ev 

This result is consistent with the fission width expected 

The resul ts  of f iss ion cross secti n measurements previously obtained on two 
plutonium samples of different Pu2& content were analyzed t o  obtain an upper 
limit on the f i ss ion  i n  the 2.65 ev resonance. The upper limit obtained for  the / 
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' . peak resonance f i ss ion  cross section w a s  41 barns. The value implies a charac- 
t e r i s t i c  energy of the f iss ion barrier,  'Ih, l e s s  than 0.45 Mev, consistent with 
the expectations based on most other nuclides studied. 

The resonance f i ss ion  cross sections w h i c h  have been measured were used t o  cal- 
culate the resonance contribution t o  the thermal f iss ion cross sections. 
assumption that the measured resonance f iss ion width i s  representative of the 
ave rhe  v ue the best estimates obtain d f o r  the 2200 m/s  f iss ion ross sections 
were: Puk, l e s s  tv 0.02 barns; $3$, l ess  than  0.06 barns; U23:, l e s s  than 
0.0002 barns; asd $3 , l e s s  than 0,00002 barns. These upper l imits  are all at 
l ea s t  an order of msgnitude lower than has been attained in  direct  measurements 
by others where the correction for  sample f i s s i l e  co taminants severely l i m i t  the 
precision,of direct  measurement. In the case of $3 
been reported f o r  the t h e m  f iss ion cross section. 

On the 

8 no value has previously 

Fast Neutron Spectra 

The new beam-locating system designed for the Van de G r a a f f  accelerator has been 
instal led and used t o  align and focus beams of positive ions. The limit on pre- 
cision of alignment of the beam is n m  set by the smallest change in pasition 
which can be obtained frm the remotely operated positioners on the accelerator. 
The focus and alignment achieved with this new system has been ent i re ly  satisfac- 
tory 88 has been the energy control s t ab i l i t y  achieved by using the moleculas- 
ion beam for th i s  purpose i n  the new system. One d i f f icu l ty  has been encountered 
in  binding of the bearings of the pickup electrode assemblies caused by thermal 
expansion when the beam is on. 
and hss seemed successful i n  operation t o  date. 
t e r l y  Repollt a r t i c l e  describing the new system In de ta i l  has been prepared. 

A mnodification of the  bearing design is under tes t  
A Nuclear Physics Research Quar- 

REACTOR DEVE+O= - 4000 PROGRAM 
PLmom mycm 
Law Ebosure Plutonium Lattices 

The scheduled irradiations i n  the 8-3/8-inch graphite l a t t i c e  with 1.8 w/o PU-Al, 
19-rod clusters were canpleted on October 14. !Fhe f o i l  data have been processed 
on APDAC-1. 
t o  ccmplete the k, measurements i n  the 8-3/8 and 10-1/2-inch l a t t i ce s .  

The resul ts  of these and previaus irradiations are being analyzed 

High EKposure Fll.lt0nium 

"he ETR irradiations have been halted. 
w i l l  be available a t  an ea r l i e r  date f r a n  other sources. 

Larger quantities of the desired material 

A revised Cr i t ica l  Test schedule was developed t o  conform t o  the current target  
dates f o r  achievement of c r i t i ca l i t y ,  i n i t i a l  power operation, and f'ull parer 
operation. 
revised schedule. 

Sane modifications in Cri t ica l  Test procedures are required with the 



Drafts of the Detailed Procedures f o r  Cri t ical  Tests 13, 18, and 22 have been 
written. 
cated. 

Equiplent which w i l l  be used f o r  conducting the experiments w a s  fabri- 

Foils  w h i c h  are t o  be irradiated during the PRTR Critical Test8 were analyzed 
w i t h  the 256 channel analyzer. Tests were run t o  determine the purity of the 
f o i l s  and the best procedure t o  be used when the foils are counted. 

Single- Rod Brperiments 

A report on th6 feas ib i l i ty  of single rod experiments in the pcIlR w a s  prepared 
for  Nuclear Physics Research Qparterly Report J'uly, August, September, 1960. 

Neutron Spectrum Studies 

Neutron Rethermalization 

a. 

b. 

Graphite Experiments 

The i n i t i a l  analysis of the  graphite experiments has been canpleted. 
resul ts  appear reasonable in the sense that there is good apeement between 
the experimental and theoretical  curves of the spatial dependence of thermal 
ac t iv i ty  of a l / v  detector. 
rethenralization cross sections appears reasonable and is smoothly varying. 

The 

-her, the tempratwe dependence of the 

The d m e  of confidence w h i c h  can be expressed in these resul ts  is dependent 
upon m a n ~ y  factors, including the uncertainties in approximately twenty-five 
diffusion parameters, and the val idi ty  of the neutron spectrum model. Work 
is in progress t o  evaluate this question of confidence. 

water Brperiments 

The analysis of the experiments has been started.  
cross sections of water are being determined by the sane methods used t o  find 
the rethermalization cross sections of graphite. 
rethermalization cross section of graphite obtained in  the analysis of the 
graphite experiments are  being used in this anslysis as knam quantities. 
The initial resul ts  seen t o  be in reasonable agreement with the preliminary 
values presented in the Ams sumnary f o r  DecemberL 1960. However, the qpes- 
t i on  of confidences is far more acute in these experiments for the sane 
reasons 88 in the graphite experiments and b e c m e  of the  additional depen- 
dence upon the graphite rethennalization cross section. 
on further analysis of these experiments snd on the problem of confidence. 

The rethermalization 

The in i t ia l  values of the 

Work is in progress 

Cycle Analysis 

Code Develgment - LOLA 
The basic.fomulation of a podion of the LOLA code, concerned with matrix inver- 
sion, was revised in order that more dimensions msy be handled. The revision w a s  
recoded and debugged. The coda is now lacking only a provision for final optimum 
estimation. 
LOLA code is being prepared for presentation at the winter,meeting of the American 
Ruclear Society. 

This final provision is nearly canpleted. A paper describfng the 
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' ?ode Develoment: Cross Sections 

Work continues on the edit routine which is d=signed t o  prodwe a FOFf!XAN tape 
f o r  the MXW s p e c t m  code fram the RBU cumulativp tape. The spectrum code has 
been completely coded, canpiled, but not debtlgged. 

Code Development: GPR 

The cross section treatment in the generalized Plutonium RecyTle code has been 
braught in to  conformity with that used i n  the MELEACW burmp code. 
effect appears i n  the spectnrm-hardening contribution of the recycled plutonium 
i n  the steady-state case, which tends t o  make th is  case appear eve3 less attractive 
than it was i n  early studies. 
appears t o  have resulted fran these modifications. 

The main 

L i t t l e  change i n  once-tkr- cycle performance 

Code Developent: RBU 

The final set of modifications t o  the RBU code were ccmplefed 8;; the end of the 
month. These consisted mainly of inrprovements i n  t k e  o z t p t  llstiag, hprovements 
t o  on-line messages, revisions of the code t o  simplify operating procedure, and 
correction of a few minor errors i n  the input code. Two simple sample problems 
have been run through the code on the 7090 computero but machine difficulties have 
prevented ccmpletion of a more ccmplex problem. It haa also not been possible as 
yet t o  carry out the "punch squoze" or cleanup operation on the Monitor Code, due 
apparently t o  defects in the 50s system. 
cane, the code w i l l  be released for  distribution tl=rough the SHARE organization. 
A l l  material for the  final repor t  was assembled, and a first drsf't copy is currently 
i n  preparation. 
can be quoted with sane basis in experience; f i f teen  minutes per Monte Carlo system 
for the first time step, t en  minutes o r  l e s s  f o r  subsequent time steps, f i f teen 
minutes f o r  the input code. 
nature of the problem be- run and.the desired precision of the results. 
sion and burnup speeds on the 7090 have not been de$emined, but should not be 
more time consuming than the Monte Carlo unless a l a q e  mm3er of diffusion and 
burnup steps are carried out between Monte Carlo calculations. All portions of 
RBU except for  the Monte Carlo are limited by tape speed, and the improvement Over 
709 nmning'time is l i t t l e  better than a factor of two even with high-density tapes. 
The Monte Carlo appesrs t o  be running f ive t o  six times a3 fast i n  the  new machine. 

As soon as these obstacles are over- 

A prel- 7090 time estimate on more o r  l ess  typical problems 

These time estimates are strongly dependent upon the 
D i f f u -  

ELimination of the cumulative tape in the Input Co& may r e s u t  i n  improved run- 
ning t i m e ,  since on the 7090 the group cross sections can be recrorputed i n  l e s s  
time than it takes t o  read than frun t h i s  tape. This modification ?XM, however, 
been postponed in  order t o  make the RBU system available f o r  general use at the 
earliest possible date. 

Instrumentation and Systems 

Investigative work continued regarding the " l a s t  ditch" safety circui t  system for  
the Plutonium Recycle Cri t ical  Facility. 
w i l l  energize (alarm) in less than 0.75 seconds for  a 50-millisecond reactor 
period. 
and fissile material is being obtained. 

. .  
New calculations show that the system 

Commercial parts necessary for  the q e r i m e n t a l  device have been ordered 
Experimental tests w i l l  be conducted i n  

L. 
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All instruments required for the special. detectors t o  be used i n  the PRTR c r i t i -  
cal. tests have been fabricated or borrowed. 
electronics bas  been cslibrated i n  a Reactor Lattice Physics stanlard pile.  
The equipnent has been assembled and sent t o  the PRTR. 
t i on  there will begin as soon as the cabling frm the reactor vessel t o  the control 
roan has been completed. 
ing personnel with the equipment. 

Each detector and its associated 

Testing of the installa- 

Four training sessions were held t o  acquaint the operat- 

All  develgment work on the PRTR Gas Gap Measurement Instrument has been ccmpleted 
and all but one of the required modifications t o  the Magnaflux Corporation liw-400 
have been instal led and sa t i s fac tor i ly  tested. 
incorporated is a phase-sensitive circui t  for  providing a signal which w i l l  indicate 
the quadrant i n  which,the gas gap spacing is  mininun. 
ed and is being fabricated. 
and sa t i s fac tc r i ly  tested. 
calibration of the instrument as a ccmplete system, using Zircaloy-2 tube samples 
of vsrious w a l l  thicknesses and an eccentrically bored tube t o  simulate various 
canbinations of w a l l  thickness; 150%' water tes t ing  of the probe; tes t ing of the 
system in the Rill. size tube-in-tube mockup located i n  314 Building; and final 
checkout making the initial condition inspections of the actual reactor tubes i n  
the PRTR. 
ing procedures and a guide t o  a id  i n  the interpretation of recorder traces obtained 
during process tube inspections., 

The modification remining t o  be 

This circui t  has been develop- 

Work remaining on t h i s  project includes an extensive 
The probe assembly has been fabricated, assembled, 

It will a l s o  be necessary t o  write an instruction book containing operat- 

Because of cable f u m e s  in the first Mark I PRTR process tube inside diameter 
probe, a second m o d e l  w a s  fabricated t o  acccgmnodate more easi ly  the television camera 
cables. 
be used f o r  future PRTR measurements e 

The new probe, along with a pair of new amplifier-indicator units, will 

Arrwements were made t o  test the e q u i p n t  and techniques t o  be used i n  measuring 
the PRTR mean neutron l ifetime at the PCTR. 
because PCTR was shut down fo r  modifications. To date the neutron flux data have 
been recorded on q e t i c  tape and are ready fo r  analysfs i n  the laboratory. The 
motor and brake assemblies ordered for  the Ampex tape handling mechanism were re- 
ceived during the month. 
cabinet and tested by Nwember 15. 

The test was actually made on the !LTR 

It is expected that they will be mounted in the recorder 

The evaluation of the PKllR controller period control m o d e  has been tentatively 
dropped. It was,  determined that the evaluation was impracticsl using portable 
Donner analog equipnent due t o  a basic lack cf stabil i ty i n  the electronic multi-  
pliers. 

Specific Fuel Qwle Analysis 

A presentation of physics contributions t o  the Plutonium Fuel V a l u e  program w a s  
made at the semi-annual m e e t i n g  of the Evaluation and Planning Bfanch, Division 
of Reactor Developnt ,  USAEC, on October 19. primary emphasis at th i s  meeting 
was on econmics evaluation. 

Assistance was given t o  personnel of IPD in the application of the MELEAGm code 
t o  asalysis of fuel cycles i n  a Russian graphite-moderated power reactor. 
MELEXGm results have been aligned w i t h  Russian data. 

The 
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’ The “base case” i n  the APWR study f o r  the Plutonium value program was re- 
analyzed with a revised thermal ut i l izat ion.  
about 500 W / T  and i n  Step 2 exposure of about 850 MHD/T resulted. The effect  
on the econunic analysis is believed t o  be maU. 

Reductions in Step 1 exposure of 

A study concerning a f iss ion monitor fuel has been carried aut, with satisfac- 
tory resul ts  thus far. 
the custaner. 

Rkther  areas of investigation w i l l  be undertaken by 

NONDESIRUCTIVE TESTING RFSEARCB 

The six-section, a-c coupled, orthononnal f l l t e r  fo r  use i n  application of ortho- 
gonalized exponentials t o  the analysis of the broadband eddy current t e s t  signals 
was completed. 
direct ly  without time reversal. t o  this f i l t e r  and observations were made of the 
vsriaus f i l t e r  output signals. 
10 microseconds from the start of the driving pulse, appreciable .chsnges in the 
f l l t e r  output could be observed as t e s t  specimen parameters were changed. This 
is a possible method of use of the f i l ter  as contrasted t o  the application of a 
tine reversal operation t o  the s i g n a l  prior t o  its application t o  the f i l t e r .  
For the type of signal with w h i c h  we are dealing, such a time reversal resul ts  I n  
the f i l ter  giving more accurate coefficients for the  chosen orthogonal exponential 
components representing the signal. However, it is bel ievedthat  suitable resul ts  
can be obtained without the t i m e  reversal operation of the co i l  output signal. 
Pending the outcane of the present tests, measurements are being made without 
time reversal of the t e s t  c o i l  output signal, although it is planned t o  investi- 
gate means for  providing the.time reversal. 

The output of the broadband eddy current test system was applied 

By observing $he f i l t e r  output at a time about 

The attempt t o  u t i l i z e  a t e s t  co i l  driving function cunposed of growing exponen- 
tisls t o  e l h i n a t e  the need f o r  the time reversal operation direct ly  ahead of 
the f i l t e r  is continuing. Several waveforms containing gruwing exponential com- 
ponents have been used but a bet ter  generator scheme is being sought. It is ob- 
served that a great gap exists in the electronic l i t e r a tu re  concerning signals of 
this type and meane t o  generate them. 

Measurements of the orthonormsl exponential f i l t e r  outputs are being made as a 
function of t e s t  specimen W a e t e r s  in order t o  detemine the general design of 
a transformat%on network which will transform these outputs into the desired 
parameter readout signals. 

A six-section pulsed diode sangling c i rcu i t  w a s  designed based upon a single- 
section prototype and placed in the electronic shop fo r  fabrication. 
will be used t o  sample the outputs of the six-section orthonormal f i l t e r  and will 
drive the aforementioned transfannation network. 

This sampler 

The work under a proposed research contract with Johns Hopkin8 University was dis- 
cussed with Dr. W. H. Huggins and a doctoral candidate, le. L. G. Wolsey, who w i l l  
perfom the work under the direction of Dr. H u g g i n s .  
agreed t o  accept the proposed contract with a star t ing date of January 1, 1961. 

At month’s end, the University 

A m o d i f i e d  infrared radicmeter for  use i n  the heat transfer tes t ing equipent 
being fabricated at Hgpo is par t ia l ly  cauplete. The main features incorporated 
in this instrument are an increase i n  detector-test piece spacing t o  reduce spurious 

L, 

1 2 3 U 2 1 2  



signals due t o  strong f ie lds  of the induction heating coil ,  and the use of a single 
13-inch-diaeter e l l i p t i c a l  mirror and an arsenic t r i su l f ide  relay lens ne= the 
t e s t  piece. The relay lens f ac i l i t a t e s  placing the chupper and l imi t ing  aperture 
two inches fran the target t o  overcane space l imitst ians at both the detector and 
target .  
wou ld  be adequate prior t o  actual fabrication of the instrument. 

mer iments  with flattened multi-turn induction coils have continued i n  an attempt 
t o  u t i l i z e  an induction heater available f o r  par t - t fme use. 
one-¶garter inch long having 1-9/16-inch I.D. w a s  fabricated frm O.OO5-inch copper 
f o i l .  ApproximateIy t w o  =matts were induced in a 1-1/2-inch O.D. aluminum load 
zylinder using this coi l  in conjunction with a 7-1/2-W induction heater. This is 
appraximately three times the power induced with previously designed coils.  How- 
ever, an increase i n  coil-load spacing will be necessary, and the resulting broad- 
ening of the heated zone wi l l  reduce the parer density below the present level. 
Tests .with these coils are continuing. 

Bench t e s t s  of the optical system were made to insure that the design 

A 3-1/2-turn coi l  

A bid on the general purpose infrared radianeber has been accepted. 
is approximately f ive weeks. 
HAP0 temperature measurement problems. 

Two inductive (eddy current) themmeters  of the l a t e s t  design are  nearing canple- 
t i on  i n  the shop. 
t o  measure the Quality of weldments of the lugs on self-supported Are1 elements. 

Delivery time 
This instrument should be usef'ul i n  a broad range of 

These will  be used first in a heat transfer test in sn attempt 

Several plutonium a l l o y  canbinations were "tested," via canputer use, for burn- 
out under typical production reactor conditions. The IBM 709 canputer was util ized 
with specific burnout codes aa applicable. 
fissile neutron detection materials can be held t o  f 10 percerrt limits over a four- 
t o  twelve-month period at normal reactor flux levels. 

Results indicate that burnout of the 

BIOLOGY AND MEDICINE - 6000 PROGRAM 
EmVIR0NMEmm.L SCIENCES 

Atmospheric Phys i cs 

Results of the reanalysis of the  1959 atmospheric diffusion field t e s t  data indi- 
cated that, with a knowledge of the wind speed and atmospheric s t ab i l i t y  under the 
conditions of these experiments, one can estimate the area enclosed within a given 
dosage isopleth from a source new ground level  t o  within 50 percent i n  the dis- 
tance range of 1 t o  16 miles Dan the source. A regression analysis of the area 
enclosed vs. normalized dosage showed that a power f'unction f i ts  the data very 
well, both for very stable and moderately stable atmospheric conditions when the 
s t a b i l i t y  is detennined f r a n  the bulk Richardson's Number. 

I 

Calculations were started of the flux of zinc sulfide t racer  material through 
ver t ica l  surfaces defined by the ver t ical  and horizontal sampling grids. 
on the analysis of one experiment, results indicated that the mass f lux decreased 
exponentially between 200.meters and 3200 m e t e r s '  distance danrwind f'ra the 
source. 

Based 

I The loss  of material is attr ibuted t o  deposition on the ground surface J' 
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md vegetation. 
month end. 

Field ac t iv i t i e s  i n  the current ser ies  of atmospheric dispersion studies included 
t-do additional successful experiments and one failure,  bringing the t o t a l  xumber 
of successful trials t o  16- 
data on the magnitude of the error i n  dosage estimates caused by aerodynamic impac- 
t i on  of the t racer  material on the membrane T i l t e r s  at the higher wind speeds. 
Several supplemental experiments were conducted wing o i l  fog t racer  photography 
t o  quali tatively study the effect  of ground contoq change on dosage determinations. 
Results of these studies supported our concept of plume behavior that gave rise t o  
anoanalous crosswind variance estimates a t  8 miles' distance frm the source obtained 
from the 1959 f i e ld  t e s t  data. 

In OUT p re lh inary  work on precipitation scavenging processes, investigations con- 
tinued on f i e ld  methods of collecting ra in  smples and feas ib i l i ty  of using a r t i f i c i a l  
ra in  f o r  p i l o t  studies. 
and fabrication started.  

Analysis of data fran add i t iona l  experiments was i n  progress a t  

Addition81. samplers were added t o  the gr id  t o  provide 

A sampler fo r  collecting individual raindrops was designed 

An improved ab i l i t y  t o  measure Na24 reported last month has led t o  its detection 
in a large num r of people. 
amounts of N a  2P have been i n  the range 1 t o  10 
from one of the reactor 
detected. Since the ITa2'has been found in people these other isotopes should a l s o  
be present. 
energy response of the multichannel Bnalyzer. 
achieve this improvement. 
f iers ,  one of which was diode limited. 
and Develapnent Operation. 
divider was tested by us. These first two methods were f a i r l y  satisfactory but 
resulted i n  a small t ransi t ion region in the analyzer in which the results were 
non-linear. 
A th i rd  method is under develapnent w h i c h  involves manipulation of d ig i t a l  infoma- 
t i on  inside the analyzer. 
remaved in t h i s  method. 

All these peuple work i n  the reactor areas. The 

eas waa counted and Ns; mp239, Id', and C r 5  were T water 
A ssmple f drinki 

Efficient detection of these Isotopes requires improvement of the lar 
Three methods were designed t o  

This method was tes ted by Chemical Research 
One method involved summing the pulses f rantwo ampli- 

A second method involving a-diode switch in a voltage 

Calibration of e i ther  of these systems w o u l d  have been very ccxqlex. 

Both objections t o  the first two methods should be 

An axrangement was caupleted w h i c h  permits sim taneous operation of both the old 
and the new large sc in t i l l a t ion  counters. A I$ calibration experiment w a s  carried 
out fo r  the scanning counter arrangement using the two counters separately and then 
together. 
t i on  but were not as good as had been hoped for.  Other experiments are in progress. 

Cr51, 2,65, and Np239 were found i n  the coveralls at the whole body counter by count- 
ing a large stack of them. 
mwed t o  eliminate uncertainties i n  the lar energy range when the appasatus described 
above is in operation. 

The results were bet ter  than obtained with a subject i n  the chair posi- 

The mount i n  each coverall is small but should be re- 

It was made possible t o  m o u n t  the -)large sc in t i l l a t ion  counter in the place of 
the present whole body counter. 
out. 

A cross-calibration between the two w a s  carried 
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Consultation w a s  given i n  planning a new whole b d y  counter f ac i l i t y .  
culation was made of the  proper thickness of iron shielding between adjacent 
iron roans. 
both the new and the old counters without requiring duplication of all the record- 
ing e q u i p n t  that we nuw have. 
c i rcui t  that will permit t ransfer  of information between multichannel analyzers. 

A ca l -  

An integrated instrument system w a s  designed that w o u l d  incorporate 

This system will require development of a transfer 

The instal la t ion of a new analyzing chamber and a new positioning device on the 
positive ion accelerator were canpleted. 
appear t o  have essentially eliminated the long-standing problem of accelerator 
alignment. 

While not yet i n  full use these sdditions 
r 

MeasuremeIrts were canpleted of the energy degradation of the neutrons frcun t w o  
more PUBe sources. 
dards and frcm Vallecitos. 

These sources were borrmed fran the National Bureau of Stan- 

An Sb-Be source being prepared f o r  counter standardization w a s  l o s t  when it was 
ejected f r o m  the reactor a f t e r  being activated. 

Analysis of the accumulated data on precision long counters showed that the posi- 
t i on  of the effective center of the counter shifted l inearly with the energy of 
the neutrons being counted. It w a s  also sham that the fraction of roan-scattered 
neutrons that were counted was independent of energy. 
peculiar t o  uur laboratory. These two relations, plus our previous calibrations, 
have permitted substi tution of our precision long c a u t e r  for our previous long 
counter in neutron flux standardization i n  our laboratory. litarther machining was 
done on a second precision long courrter made here at Hanford i n  an attempt t o  make 
its response more nearly like that of the other counters. 
obtained. 

This last relation may be 

30 improvement was 

The performance of the helium ion source being developed w a s  improved by using a 
stronger m e t i c  field,  thus permitting operation at a more nearly optimum gas 
pressure. 
metal fran the exit of the source. 

The l imitation on the output of the source appears t o  be sputtering of 

The beam sweep f o r  producing uniform electron exposures with the electron Vsn de 
Graaff was installed and is  now being tested. 
uniformly an mea about one inch squa;re, although the area t o  be irradiated may be 
reduced as desired. 

It should be possible t o  irradiate 

A simple and accurate method was developed fcw correcting for the aonlinearity of 
themis tors  ueed in calorimetry. 
correlation of experiments performed under different conditions. 
applied in measuring the stopping power of alumixum with a transmission type 
calorimeter. The result wae within 0.7% of the accepted value, 
deviation among different r e e s  was only O.l$. 
especfslly multiple scattering i n  the foil increased the tots uncertainty t o  12$. 

The value of th i s  technique is that it permits 
The method was 

The stacdard 
However, systematic errors, 
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mer imenta l  prototype (first model) fabrication was cmplete on the GM tube 
miniature detector appraximate dose-rate integrating personnel monitor, 
has performed sat isfactor i ly;  however, redesign and repackaging must be considered 
since the unit exceeds 1 .5  pounds in weight and ocoupies 32 cubic inches. 
t ion  of 50 percent of present size and weight will be necessary. 

The unit  

A reduc- 

Mod Gel' in  rats. Since the unit was originally designed for  large anhals ,  a probe 
w a s  removed and reinstalled i n  the shield t o  permit rat counting. 
satisfactory.  

ications were complete for  the Dog Monitor at Biology t o  permit counking of 

Operation is 

The coincidence-type alpha a i r  monitor was modified t o  increase air flow t o  19 CFM. 
Perfect bslance has been achieved through a 7000 d/m radon-thoron buildup. 
other words, the stated buildup, which is about as high as we have ever experienced, 
produced no fa l se  meter indication on the Pu239 meter. With the stated flaw rate, 
the calculated sensi t ivi ty  t o  al- f o r  a continuous level of airborne Pu239 of 
2 x lom1' w/cc (100 Mpc) is about four d a t e s  or less. This s l a m  level, if it 
can be maintained, is quite satisfactory.  It appears that the mador problem have 
*been solved for this development project. Only an improved transistorized count- 
rate meter remains as a problem. 

In 

FrFrFrFrFrFrFrFrFrFrcation contiaued, with design modifications incorporating a cauplementary 
t ransis tor  flip-flop, on the second type of selectable-slam-level personnel 
dosimeter incorporating a pencil dosimeter, Cd3 cell ,  and t ransis tor  circuitry.  
The modified circui t  materially reduces battery drain for  the alarm portion. 

Investigations were started, .using the 200-channel w a r ,  for a R ~ W  type of 
zinc sulfide particle counting system for use in Atnospheric m i c e  programs. 
The approach will be t o  use two different ZnS pi-ents deposited on the same 
filter t o  see if they can be distinguiehed v ia  the i r  inherent characterist ic dif- 
ferences. 

i 

An apparatus waa caq le t ed  for experimental fabrication of the miniature CaF2:Mn 
thennolumhescent doeinsetere. 
t o  improve the readout accuracy and r e l i ab i l i t y .  

lZle readout system for  the dosimeters w a s  modified 

!Che lead-shielding-modified, transistorized alpha-beta-gannrs experimental proto- 
type sc in t i l l a t ion  hand and shoe counter w a s  moved t o  100-F Area fo r  tests. 
tion, t o  date, has indicated a need for an additional binary circui t ry  in the  
beta-gama hand and shoe nhannels due t o  the much higher background conditions 
than were experienced in the long-term 300 Area t e s t s .  

Opera- 

!RE two cmpleted prototype "wandw alpha monltors using s i l icon surface barr ier  
diode detectors and all transistorized circui t ry  are a t i l l  perfoxmirig quite . sat isfactor i ly .  U n i t  s ize  I s  one inch d i m e r  by eleven inchee long. One unit 
is being used, experiPlentally, at 234-5 Bullding with good resul ts  t o  date. The 
units have essentially zero background counts, greater than 20 percent geauetry 
for  Fu239, and have no gemma interference problems in 5 r/hr f ie lds .  

. 
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Tests and experiments were concluded on the logarithmic voltage qusntszer circui t  
incorporating tunnel diodes 813 a voltage canparator. 
200-channel analyzer t 3  obtain a logarithnic horizontal scale Tests were con- 
ducted with maa (1.28 and 0.51 Mev), Cs137 (0.66 Mev) and Am*41 (0.06 MeV) .  
Results were displayed on the analyzer w i t h  errors of about f 10 percent frm a 
true logarithmic characterist ic 

The unit was used with the 

Developnent work continued on the servo-system logarithmic area monitor v l th  
phototube interchangeability t e s t s  canpleted. 
necessary, 
troller t o  eliminate the servo motor. The regulator, if successful, senses the 
anode current t o  change the high voltage t o  keep the anode current constant, 

No photatube selection w i l l  be 
C i r c u i t  a tperbents  are  underway t o  develop a voltage regulator con- 

Two good resolution Pn239 alpha sources were obtained f o r  use in evaluating the 
alpha energy resolution characterist ics of the si l icon diode surface barrier 
detectors. Several commercial diodes were ordered t o  cmpare w i t h  those of our 
manufa&ure. 
of various sizes using 400 ohm-cm sil icon. 
t r i e d  t o  attempt t o  reduce the reverse current (leakage). 

Processing was started on another group of ten experimental diodes 
various finishing techniques will be 

Instal la t ion of all equipnent was cmpleted f o r  the electron beam deflection 
system for the Van de G r a a f ' f  negative accelerator. 
c i rcu i t s  w i l l  probably have t o  be modified t o  operate fraan a pulse suurce rather 
than dc for s t ab i l i t y .  The camnercial deflection plates do not perform as indi- .. 
cated by the -8CtUI'er.  
canpleted with our portion of the  equipnent. 

Tests indicate t b  thyrstron 

This problem remains t o  be solved before t e s t s  can be 

An experimental c i rcui t  w a s  proposed concerning a thermlstor-controlled oscll lator 
for  use in a temperature readout system. 

Fabrication continues on the three prototype experimental sc in t i l l a t ion  transis- 
torized beta-geplplaa dose-rate meters of a portable type. 
ccmpleted and tested t o  date have proved t o  be satisfactory. 

Portions of the work 

WASHINGTON DESIGNATED PROGRAM 

Isotopic Analysis 

AB a measurements cr i ter ion for this progran we have eetablished a numerical stan- 
dard for the number of progran and standard samples fo r  w h i c h  high qu8lity isotopic 
analyses we obtained each month. 
efficiency for 75 percent of the available time, allocating 25 percent of the time 
fo r  mass spectranetry research and developaent i n  support of the program. 
has been consistently excee-ded during the past s i x  months because 1) research snd 
developnent ac t iv i t ies  have been confined t o  the other maas spectrmeter w h i c h  has 
offered some new challenges i n  the form of operating diff icul t ies ,  and 2 )  the mas8 
spectraneter for th i s  program has been operating i n  a remarkably re l iable  fashion, 
and a near negligible mount of time haa been loet due t o  operational diff icul ty  
and maintenance, and 3 )  operating procedures and ut i l iza t ion  of manpower have been 
extreraely effective. During the psst  six months we have achieved in excess of 150 
percent of the established goal for analyses performed culminated during October 
by the achievement of 200 percent. 

This goal is based on 100 percent operat- 

This goal 
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Is part  of the continuing effor t  t o  study and improve the accuracy and r e l i ab i l i t y  
of  isotopic abundance measurements attainable with the mass spectrometer f o r  this 

samples provided by the program, a ser ies  of analyses have been started on UT 
National  Bureau of Standards. 
depleted t o  highly enriched. 
or not an over-all mass discrimination effect  exists. 
agreed with the NBS analysis within established precision measures. 

%y isotopic content frm These samples vary i n  
It is  the intent of this study t o  determine whether 

A l l  samples m n  t o  date have 

The improved ion count control c i rcui t  for the  ion counting detection system of 
the mass spectrameter has been ccmpleted. 

An Improved filament vacuum bake-out system w a s  designed and i s  being fabricated. 
The new system will  provide three independently accessible vacuum chambers, any 
of which can be opened t o  the atmosphere without shutting down the vacuum system. 

TEST REACTOR OPWATIONS 

Increased f l ex ib i l i t y  w i l l  be provided f o r  the present PCTR by boring additional 
f'uel holes in  the inner edge of the reflector.  The work w a s  started October 24. 
Excellent alignment with the existing holes i n  the back r e f l e c t w  has been obtained. 
Apprcacimately three weeks' outage w i l l  be required t o  d r i l l  100 holes. 

Operation of the FCTR continued routinely during the month un t i l  the scheduled 
reactor improvement outage stasting October 24, 1960. 
shutdowns during the month. 

The E D  mockltp l a t t i c e  measurements of 
during the month. 

The first par t  of the experiment t o  determine nuclear safe concentrations of en- 
riched uranyl ni t ra te  polyetwlene mixtures w a s  canpleted. 

There were no unscheduled 

f J  p, E, w e t  and dry were ccmpleted 

The maintenance outage t o  dri l l  100 holes for  additional driver positions w a s  
staxted October 24, 1960. 

A new source drive mechanism wqs prepared during the month t o  accoc[IIpodBte the  
larger physical size of the Pu-Be source scheduled t o  replace the present Po-Be 
source. 

The 'iTR w a s  used t o  t e s t  an automatic period timer asd a method of measuring 
neutron lifetimes for llucleonic Instrumentation Operation. 

Two irrsdiationa of calibrating f o i l s  were made, one for PRTR experiments and one 
for  IVF'R experiment 6 .  

CUSTOMER WORK 

Weather Forecasting and Meteorology Service 

Meteorological services, viz. 
cal  services, were provided f o r  plant operations and management personnel on a 
routine basis. 

weather forecastsy observatoriesp and climatologi- 

L 
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me of Forecast Number Made 

8-Haur Product ion 
24-Hour General 
Special 

93 
62 

150 

October w a s  the second consecutive month of warmer and 
only highlight was a high wind with gusts t o  53 mph on 

Instrumentation and &stems Studies 

' -  

HW-6-54 

$ Reliabil i ty 

87.1 
02.8 
90.7 

drier  than normal weather. The 
the 23rd. 

hraluation of the designed Pu239 (17 Kev) Wound Probe f o r  Records and S t w  
Operation w a s  canpleted. 
thick NaI crystal  was found t o  be capable of detecting - mt 2000 d/m of pU239 
through one-e ighth- inch-ofanesh-s~~at ing  luc i te  in E - 3  minute count. This is 
the best that can be done using hand-eelected phutotubes. The detection level is 
about four times bet ter  than indicated ( o r i g i m )  as required for f ie ld  use. 
A l e t t e r  was written t o  the interested personnel concerning fiaal delivery of the 
s m a l l  probe. 
tu rer  for  repa-ing a f t e r  a hole w a a  discmered in the th in  altmainum back plate. 

A GIPSU probe with a two-inch-diameter one-millimeter- 

The large four-inch-diameter NaI crystal  w a s  returned-to the manufac- 

Advice and consultation w8s rendered t o  Redaoc instrument maintenance personnel 
regarding the adjustment and operation of the R e d a x  Stack Ef'fluent Monitor. 

A design proposal was cunpleted and. sent t o  Chemical Research and Developtent 
concerning an alpha and beta-gemma stack monitor B stem for the 
The alpha portion was deslepled t o  a l a m  if 5 x lomg curies of Eta 
or  if 
will be a modification of our previously developed and tes ted High-Lwel A i r  
Monitor, and the alpha portion w i l l  use our developed and tested Medium-Level 
Alpha Monitor. 
t ion  t o  improve sensi t ivi ty  and re l iab i l i ty .  

235 -ding* m e  emitted 
curies of mixed fission products are/.emitted. The beta-gannna portion 

Mechanical time constants w i l l  be incorporated in the alpha por- 

A design proposal was submitted t o  327 Building personnel concerning a mixed 
fission product air monitor using our developed and tested High-Level A i r  Monitor 
c i rcui t ry  and a moving-tape mechanism. 

A reqpest w a s  received fran Radiation Protection Operation t o  provide engineer- 
ing services t o  improve the r e l i a b i l i t y  of the Whole Body Monitor multichannel 
analyzer and its peripheral equipnent. 

Two X-ra;y diFfraction peak integrators for FPD have been ordered f r a n  the Perkin- 
ELmer Corporation. 
include an automatic printing feature. 

The custaner increased the requirements on this item t o  

The nickel plating procese f o r  FPD Process Engineering has been se t  up on the 
GEDA canputer. 
include optimum controller sett ings and location of the pH measuring element. 

The solution should be c q l e t e  in  about a week. Results should 

Work is continuing on the reference system t o  be used in calibrating the DRS-100 
system. The DRS-100 is intended for future use in making in-reactor creep mess- 
ureraents by the Physical Metallurgy Group. 
modified t o  provide fo r  individual control of ten specially instaUed heater w i n d -  

A furnace and controller are being 
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t Lngs t o  insure that the required "flat" temperature gradient is obtained through- 
out the ent i re  length of the fhrnace. 
the furnace w i l l  be a necessary condition while the DRS-100 is being calibrated 
at elevated temperatures. 

An even temperature distribution within 

Optics 

Length Measurement Periscope 

A periscope is being designed f o r  log-C Fuel Exemination Faci l i t ies .  
scope w i l l  permit measurement of the length of fuel elements under twelve feet  of 
water fram the same stat ion at which intern diameter measurements w i l l  be made. 
Preliminary sketches have been prepared w h i c h  are being used as a basis for further 
t e s t s  and calculations, 
drawings. 

The peri- 

A work order has been issued t o  drafting t o  prepare detailed 

Radiation Ratio Pyrcmeters 

The €LO metallograph pyr-ter i s  re* for  installation. 
for October 31. 

Installation is  scheduled 

The FF'D extrusion press pyrmeter is  f'ully assembled and has been tested extens- 
ively using the Barrnes radiation standard as a source. 
one-half hours of operation af'ter s ta r t ing  up cold there is a 50°C d r i f t  i n  indica- 
tion, a f t e r  which no drift can be detected for periods of at l ea s t  eight hours. 
The d r i f t  Seems t o  be i n  the detector c e l l  i t s e l f .  Tests are nuw being made t o  
determine if the d r i f t  can be e lb ina ted  by using an auxiliary slaw chopper which 
cuts off radiation t o  the c e l l  periodically. 

During the first two-and- 

Shop Work 

A t o t a l  of 548 manhours work xas perfonned during the five-week period (September 
25 t o  October 30) included in this report. O f  th is ,  ll$ was for  IPD, 17% for CPD, 
51$ fo r  HLO, 4$ for  Code 1525, 69 f o r  Code 9pO, and ll$ for Code 07I.O. The work 
included : - 

1. 
2. 
3.  Repair of two cathetaneters. 
4. 
5. 
6. 

Fabrication of 20 glass bearings. 
Fabrication of PRTR gas gap probe. 

R e p a i r  of two periscopes far 105-F. 
Fabrication of four light pipes. 
Fabrication of pyrometer lenses and f i l t e r s .  

Aaalog Cmputer Faci l i ty  Operations 

The major problems on the asslog canputera this month were Reactor Speed of Con- 
t r o l  and the mpR Confiner. 

An open house i n  the Analog Canputer Faci l i ty  was held October 11 and 12. This 
consisted of demonstrations of two canyuters and short acplaaatory talks. The 
purpose of the open house was t o  acquaint personnel of the various engineering 
and production groups on plant with the analog f a c i l i t y  and the work being per- 

The demonetra%ion used with the EASE ccaaputer conaisted of 
the simulation of the pRTR reactor. 

/ 
t/ formed by i ts  use. 

The simulation was connected t o  an external 
W 
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electronic controller and 50 a manual control panel azranged t o  make possible a 
choice between manual and automatic control. 
t o  point out the use of the analog ccmputer for system simulations, operator 
training) and hardware evaluation. The demonstration with the Litton DDA con- 
sisted of solution of a spring-mass problem showing the interchange of errergy 
between two masses. The solution of a w e d ,  second order different ia l  equa- 
t ion  and the solution of Van der Pol's equation were also demonstrated. This 
demonstration w a s  designed t o  i l l u s t r a t e  the use of analog canputers for equation 
solving. 

The amplifier t e s t  unit  for  the analog ccnrputer has been canpleted. The oper& 
t i o n a l  amplifiers) previously reported inoperative, have all been repaired with 
the aid of the t e s t  u n i t .  Routine maintenance procedures on the cmputers have 
been started. Spare equipnent has been ordered for use i n  the maintenance pro- 
gram but it has not been received. It w a s  discovered that the EASE 1148 ampli- 
f i e r  input tubes had been w i r e d  in two different w a y s .  Sane amplifiers had been 
wired for  lar voltage filament operation and sane f o r  the f'uU rated volts. On 
th i s  basis the 69 bad tubes removed from the cmputer were tested with s l x  volts 
on the filament. About nine percent of t'ae 12Ax7's and 45 percent of the KAU7's 
appeared t o  have exceptionally low transconductance at this lar filement voltage. 

This demonstration w a s  designed 

The two Ampa tape transport lag simulators have been checked out against the 
specifications. 
static amplitude accuracy w a s  f ive t o  ten  times better than specified. 
randum will be issued on this checkout. 

The specifications were met o r  exceeded in every case. "he 
A memo- 

Cmputer Operation 

GEDA 132 hours up EASE 140 hours up 
20 hours idle 0 hours idle 

12 hcnirs scheduled downtime 12 hours scheduled downtime 
4 hours unscheduled damtime 16 hours unscheduled downtime 

168 hours t o t a l  "68 hours total 

Instrument Evaluation 

1. 

2. 

Acceptace tests were completed on 20 T-P dose rate portable instruments. 

Baluation temperature tests were canpleted on T-P type probes (plast ic  w a l l  
ionization chambers) frm +75 F t o  +175 F. were lo$ 
d m  fran reading t o  75 F; and at +175 F3 the  readings were i n  error by -3596. 

aU tests were cuapleted for tes t ing RCA 6 6 5 5 4  multiplier phototube inter-  
changeability f o r  we in the servoed logazithmic area monitor. 
(calibration) vas found t o  be sufficient for all tubes (no selection neces- 
s q )  over the range f r o m  one m/hr t o  10 r/hr. 

At +K5 F, the 

3 .  
One cha.rt 

4. Advice and assistance weye rendered t o  PRTR personnel concerning calibration 
of their Victoreen Remote Area Monitors. Zero drift was found t o  be exceB8- 
ive and calibration results were correct t o  within o n l y  f. 15%. The internal 
calibration source was not i n  reading agreement with the plant-standard 
sources. 

I 2 3 4 2 8  I 
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' 5 .  The Model I1 Scintran was moved t o  Redox for  further f i e ld  tests after a 
successful two-week tes t  at 108-F (Biology). 
w a s  found t o  be slightly contaminated from use at Biology and was recovered. 

Personnel from the 300 Area Portable Instrument Repair Shop were instructed 
as t o  the correct method of applying zinc sulfide t o  A i r  Fi l t e r  Monitor alpha 
probes and as t o  proper liglrt-covering application methods. 
properly assembled for the demonstration and the t q t s  showed it t o  have an 
average gemetry over the  4-inch-by-4-inch face of about 29$. 

The plastic-cast alphs probe 

6 .  

One probe was 

PF Gast:mcs 
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CIIEbfIcAL RESEARCH AHD IEVELOIWENT OPERATION 

F I S S I O W  IdA'ERIALS - 2000 PRWW 

IRRADlATIozl PROCESSES 

Uranium Oxidation and Fission Product Volatlllzation Studies 

With studies on the effect of uranium irrsdiation levels on release of fission 
products in an alr atmsphere about 7 percent complete, several conclusions-can be 
drawn. Over irradiation levels of 10fi4 to lS8 nvt there is no significant change 
in the oxidation rate of the uranium. Also for consideration on reactor incidents 
the release of noble gases from the fuel will be 100 percent. 
measured low release of noble gases at trace irltadlation levels resulted from the 
adsorption of about 30 percent of the geses by the uranium oxide itselfo 

Apparently, the 

Work commnced on the determination of size and size distribution of particulate 
material formed during the oxidation of unirradiated uranium specimens. 
vere made at temperatures of 1200, 1000 and 800 C and air flow rates of 1000, 2300 
and 3500 cc/min. 
indicated that the temgdreture at which oxidation occurs has a marked effect on the 
size of psrticulate generated. 
of larger particles collected which is probably due to increased entrainment and 

Experiments 

Observations of the particulate material by optical microscopy 

Also, increased air flov rates increased the emounts 

' higher settling velocities 

NPR Effluents 

Laboratory studies of possible treatment methods f o r  phosphoric acid decontamination 
wastes were directed t o w a r d  precipitation and scavenging processes to conform with 
the process found m s t  suitable for other decontamination wastes. The work included 
methods of removing phosphate as well as radioisotopes fromthe waste. 
99 percent of the phosphate I s  precipitated from the neutralized waste upon the 
addition of calcium salts. However, this process results in the formation of very 
large volumes of sludge. 
roughly equal to the volume of 10 percent phosphoric acid decontamination solution 
used before dilution with rinse water. Caustic neutralization after addition of 
calcium salt minimized the sludge volume. The phosphate precipitation scavenged 
radioactive barium, zinc, and cobalt tracers from solution with decontamination 
factors of about 103, 

It was found that scavenging decontamination factors of lo3 for  radiozinc and radio- 
cobalt in phosphoric acid waste were obtained by precipitates resulting f r o m  treat- 
ments with -04 (0.012n) o r  FeS04 (0.Obr) prior to caustic neutralization. 
sludge volumes in these-cases were lese &an half those obtained f r o m  calcium pre- 
cipitation of the phosphate. 

More than 

After settling for  a math or more the sludge volume is 

The 
_ .  

_ .  Reactor Effluent !Treatment 

Reliminary analyses of reactor effluent water samples from the two half-reactor 
b tests in which higher flocculant feed rates are being used indkcate that removal 

L- 

7111111) I 2 3 4 2 8 3  DECMSSIFP 



c-2 

efficiencies of arsenic and phosphorus expected by comparison with laboratory tests 
were not achieved. 
half-reactor test showed that high removal efficiency could not be obtained unless 
Separan was added to the f i l t e r .  
n i t r a t e  flocculant and 0.02 ppm Separan to the f i l t e r .  
show that t h i s  treatment eff ic ient ly  remves arsenic when present as ei ther  the 
arsenate or arsenite ion. These conditions were recommended for trial in the half- 
reactor test. 

Repeated laboratory tests us- the same chemicals as in  the 

Best results were obtained with 20 ppm aluminum 
Further laboratory tests 

Work was in i t ia ted  t o  seek minerals suitable for large-scale decontamination of 
reactor effluent. Batch experiments were performed with Write, gypsum, erionite,  
calcite,  apatite, c l inopt i lol i te ,  anorthite, albite,  labradorite, microcline, 
sodalite, scapolite, and vermiculite t o  determine the a b i l i t y  to-adsorb Za-65 from 
80 C tap water. Most of the 
remaining minerals adsorbed 50-75 percent of the zinc sfter one-hour contact. 
l i te,  scapolite, and vermiculite removed 89, 91, and 96 percent of the zinc, 
respectively, and were superior in t h i s  regard to a l l  other minerals studied. 
studies w i l l  concentrate on mineral bed removal of phosphorus and arsenic. 

All except pyrite adsorbed zinc significantly. 
Soda- 

Future 

The reactor effluent p i lo t  scale test f a c i l i t y  using an aluminum bed w a s  operated 
a t  a water rate df six feet per minute, about 50 percent greater than tha t  of  the 
i n i t i a l  tests. Significant trends were noted during the period. 
a t  the w a l l  of the bed s tmcture  essentially trebled t o  1.5 r/hr., requiring re- 
locating the radiation zone boundary. 
appreciably higher during sir feet per minute flow than during the 3.8 f ee t  per 
minute flow tests. 
than that anticipated. 
of the aluminum and the pressure drop reaching a limiting value, the increase in 
aluminum concentration may be viewed with some! concern for the higher flow rateso 
Lower pressure drop w i l l  permit greater economy i n  the f'ull scale design and con- 
s truc tion. 

Radiation measured 

The concentration of dissolved aluminum w a s  

Pressure drop across the bed increased, but the drop was l ess  
Since bed l i f e  w F u  be influenced by the rate of dissolution 

A i r  Monitor 

The efficiency of an Anton 234-B air  
mendation w a s  calibrated. A gain of 
the original design. 

Observation Wells 

There were no significant changes In 
vicini ty  of the 200 Areas during the 

monitor modified according to the e s r l i e r  recom- 
about 50 percent i n  efficiency was achieved over 

ground water contamination patterns i n  the 
past month. Ground water samples from a w e l l  

monitorlag the Avex A-6 steam condensate cr ib  have sporadically shown low concen- 
trations of strontium-90 fo r  the past several months. 
breakthrough of strontium-90 into the ground water based on laboratory soil column 
test  results. 
probably rat o r  rabbit, and there i s  a poseibil i ty that the source of the Sr-90 is  
related t o  the decay material. Further e f for t s  to  define the source are underway 
with assistance f r o m  the Radioecology Operation. A reglacement crib, necessitated 
by the decreased percolation capacity of the existing crib, is  scheduled f o r  com- 
pletion in  about f ive weeks. 

A study to evaluate current and past analytical  data re la t ive to n i t ra te  and n i t r i t e  
ion concentrations in  the ground water and Columbia River, and t o  Interpret these 

This would be premature 

Samples have contained gross quantities of decayed animal matter, 

1' 
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resul ts  i n  terms of Hanford w a s t e  disposal practices was accelerated. A quite pre- 
liminary evaluation indicated tha t  information relative t o  waste movement i n  ground 
water may significantly supplement knowledge gained from the routine w e l l  sampling 
and water analysis program. 

sEPARA!rIOrJ PROCESSES 

Redox Studies 

During the past year the Redox Plant has occasionally erperienced a loss of part i t ion 
i n  the 1B column. 
cycle acid flowaheet. 
tion, samples of the plant solvent were examined. 

Such instances appsrently increased with adoption of the first 
Since such a flowsheet is more conducive to  solvent degrada- 

Infrared and ult raviolet  absorption studies of the solvent indicated a relatively 
high concentration of an unidentified n i t ro  compound. Precipitation of t h i s  material 
as the sodium salt  confirmed the optical  analyses and showed an Impurity level  of 0.2 
to  0.5 mole percent- Laboratory exprlments showed that only incomplete separation 
of the impurity from hexone was achieved by steam dis t i l l a t ion .  A f t e r  d i s t i l l a t i on  
of 65 percent of the sample, about 17 percent of the impurity was found i n  the 
dist i l lete.  Complete d i s t i l l a t i on  of the hexone, as is done in the plant, would of 
course resu l t  i n  a greater carry-over of the impurity. 

Treatznent with 0.5 M H@O4 prior t o  steam d i s t i l l a t i on  was relatively ineffectual in  
reducing the n l t r o - - m i t y .  

Tests of the effect of the n i t ro  impurity on the partitioning agent were also carried 
out. Ferrous Ion was rapidly oxidized when a large excess was contacted with a plant 
hexone sample. 
observed. 
purity which is also identified in  the process solvent. 
agent I s  thus not due direct ly  to the ni t ro  impurity identified spectrophotometricallye 

However, no change in  the absorbance due to the n i t ro  compound was 
Similarly, no change was observed in the absorbance due to diketone im- 

Oxidation of the reducing 

Laboratory tests showed that a five-minute wash with eight percent sodium hydroxide 
solution removed 98 percent of the n i t ro  impurity content. 
procedure in the plant wgs much less effective, due undoubtedly t o  less e f f ic ien t  
contacting. 

Application of t h i s  

Solvent Evaluation Studies 

Batch contact solvent extraction tests on chemically degraded Ashland O i l  and Refining 
Company candidate diluents were completed for the ser ies  of 16 samples (R-1 through 
R-16) so far received a t  HAPO. 
8 l4 HNO3-0.05 M HaNO2 ( i n i t i a l  concentration) for 24 hours a t  80 C .  
dfluents, mad.e-30 voluma percent In TBP, were used In batch contact experiments 
simulating extraction, scrubbing and stripping in the first Furex cycle. 
Purex feeds used in  these contacts were spiked t o  0.2 percent fu l l  level  act ivi ty  
with plant dissolver solution. 
in t he i r  tendency to extract  gamm ac t iv i ty  and to retain it through scrubbing and 
stripping. Compared to similarly degraded Shel l  E-2342, the Ashland 0118 extracted 
about one-fourth as much gamma ac t iv i ty  and retained about one-third as much through 
scrubbing. However, gamma E: values durlng stripping were higher for degraded Shell 
E-2342 than for the Ashland Oils with the net result that the f i n a l  stripped aqueous 
phase contained l e s s  gamma ac t iv i ty  w i t h  degraded Shell E-2342 diluent than with 

The dlluents were first ni t ra ted by contact w i t h  
The nitrated 

Simulated 

The degraded Ashland Oil samples were nearly uniform 

L u  

Oil diluent. This phenomenon w i l l  be investigated further. 
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Reclamation Fac i l i ty  Continuous Dissolver 

A system capable of continuously dissolving simulated sol id  feed materiale from the 
Reclamation Faci l i ty  has been instal led in the 321 Building. Th@ dissolver is a 
five-Inch inside diameter, 10 foot long tube. Solid feed is introduced through an 
sir lock a t  the top of the dissolver. An equilibrium heel of solids w i l l  build up 
i n  the dissolver. Diesolvent, introduced a t  either the top o r  bottom, w i l l  make 
one pass through the heel and overflov as product. 

Materials of construction are 309 SCb stainless steel for the dissolver, product 
overflov line and reflux line. 
remaining tanks and lines subject to corrosion. 
on many of the low pressure l ines  and vessels are Fenton or Tbflon plastic.  

Staialless steel (304 L and/or 347) ere used fo r  the 
Nlscellarreous fittings and valves 

Process variables t o  be investigated are sol id  and l iquid feed rates, l i&d feed 
concentrations, liqyid feed point, reflex return, product take off point, and solids 
bed height . 
Simulated slag and crucibles were dissolved t h i s  amnth in both the p i lo t  plant con- 
tinuous dissolver and i n  the laboratory. 
(88  staad-in for plutonium) and synthetic s l a g  and crucibles showed essentially 
instantaneous dissolution of all material except the crucible fragments, which 
dissolved within two hours. 

Laborstory studies of cerium reduction 

These obeervations were verif ied In the p i lo t  plant. 

Screen analysis of cerium reduction slag and crucibles shoved no regular particle 
size distribution. 
immsdiately on contact with water, and gradua.lly on confact with mist air. 

The sand sgglomerated into large chunk8 which disintegrated 

Radiation S tab i l i ty  of  Calcined Solids 

A seriee of calcined waste solids have been irradiated In  the Van de G r a 8 f f  acceler- 
s t o r  and the evolved gases nmasured and analyzed. 
sulfate- or phosphate-matrix solids are quite stable snd could be stored in sealed 
containers wlthout significant pressure build-up. Nitrate salts, as expscted, under- 
go complete decomposition w i t h  production of a very large volums of gas (mostly 
oxygen). 
waste) gave intermediate results and v i l l  require addltional work to  determine 
vhether venting would be required. 

The results show that ei ther  

Carbonate containing was'tes (from spray calcination of neutralized Purex 

Pot Calcination with Phoephoric Acid 

Two runs were mude In a three-inch stainless steel pot to test with synthetic Purex 
1WW a Brookhaven schenm fo r  converting to phosphate glas6es. Ths pot vS8 par t ia l ly  
f i l l ed  vith phosphoric acid, brought to temperature, and the waste slowly introduced 
while the calcination proceeded. 
lowsulfate composition. 
an acidic, high-eulfak 1 W W .  This, too, evaporated sploothly dur- the early St8gCS,  
but produced several inches of foam when the temperature rose to 140-170 C. Analysis 
of the pot residue indicated that s u l f a t e  removal wacl not complete d u r a  the aFyins 
a t a g e s  and that additional sulfate elInln8tion would occur during calcination. 

The first run was w i t h  a formaldehyde-kidled, 
This evaporated very sxmothly. The second run y b ~  w i t h  
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Semiworks Batch Calciner 

A p i lo t  plant test ( P - 2 )  reported last month confirmed the foaming problems that  
seems to  exist when solutions w i t h  a high salt content are batch calcined w i t h  a liquid 
phase in  the pot. 
under identical  conditions as P-2 except the feed ra te  was halved to 3.7 liters/br. 
allowing a low liquid depth. 
and spattered to the extent that the ent i re  pot inter ior  was coated with calcined 
waste. 
the off-gas l i n e  out le t .  
thermal conductivities of the solids were about 0.4 B!IU/hr.-sq.ft. -F/ft. 

Additional s t u d y  of problem was carried out by enother t e s t  (P-4 )  

F&ng was greatly alleviated but the  solution splashed 

Entrainment to  the condensate was 0.15 percent despite the baffle covering 
In both runs the calcine melted a t  about 850 C and the 

Additional studies of simulated underground waste acidified w i t h  sulfuric acid have 
been carried out i n  a series uf  four experimcnts In a small scale ( 3  inch diameter by 
7 inch high) calciner, These studies have indicated tha t  if  a melt is t o  be formed 
a t  900 C or  less, the acidified wastes must have a sulfate t o  salt n i t ra te  ra t io  of 
greater than 1 and a sodium t o  iron plus aluminum ra t io  between the limits of about 
1.5 minimum and 8.5 maximum. 

Fluid Bed Waste Calciner Prototype 

Waste calcination studies i n  the 
simulated high-acid Purex waste. 

uid bed calciner were continued using a feed of 

Tests were msde i n  which the "bubble-cap" dietributor plate was replaced w i t h  one 
consisting of a double thickness layer of heavy quartz cloth. Fluidizing air dis- 
tr ibution with the latter distributor is notably better than with the "bubble-cap" 
type, even with reduced pressure drop through the cloth distributor.  In addition, 
a t t r i t i o n  of calcine par t ic les  is less with the cloth distributor as manifested by 
the reduced puantity of f ines  entrained w i t h  the calciner off-gas (about f ive percent 
of the t o t a l  calcine compared to eight percent under conditions otherwise comparable), 
and by the reduced quantity of attrited smaller par t ic les  in the calcined product. 

' 

A short  t e a t  was msde in which an aqueous sugar solution was injected into the feed 
stream to a final sugar concentration of 130 grsms/liter of original feed. In com- 
parison with other tests, the "sugar" tests showed the following results;  

The calcine has a lower bulk specific gravity (1.3 vs. 1.h). 
reduction i n  specific gravity would be expected under equilibrium conditions 
reached during extended operation. 

1. Further 

2. The calcine is mre frangible. 
the "sugar" calcine. 

This i s  in pert due to the higher porosity of 

3. The amount.of fines entrained into the calciner off-gas stream I s  increased 
(to about ll percent of the product calcine rate). 
pa r t ly  caused by the incressed gas rat,es In  the system. 

The agglomerate formation rate and the nozzle lump formation tendency are 
decreased somewhat. 

This effect ,  however, is  

4. 

11) Nominal Composition: H 6 . a ,  AI. O.lCH, Fe 0.25n, lVa l.m, - C r  O.O08M, - B i  O.OOs#_, 
L. '  SO^ 0:5m, - m4 Z.oi&, - NO: 7.w. - 
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5 .  Heat requirements are decreased &out 30 percent due to the exothermic 
reactions between the sugar and the nitrates, 

The removal of solids from the wet calciner off-gas stream during the condensation 
step Improves when the relative amount of condensables In the gas stream is In- 
creased, 
percent of the solids in the wet gas feed stream to the condenser when the calciner 
was operated with air as both atomizing and fluidizing gas, with steam as either 
atomizing or fluidizing gas, and with steam as both atomizing and fluidizing gas, 
respectively. 

Under tyyical conditions tested, the condenser removed 62, 75 and 98 

Additional data show that the solids de-entrainment factor of the non-condensable 
gas stream in the packed scrubber (packed with eight fee3 of one-inch Raschig rings 
and surmounted by a Yorkmesh demister section) is greater than 100. The overall 
solids de-entrainment factcr from the calciner through the roughing cyclone, the 
condenser and the scrubber is greater than 10,000. ( m e  actual number is not known 
because of the limit of analytical accuracy, but is expected to be an order of 
magnitude higher e ) 

TRANSUBAIQIC JUD FISSION PROINCT RECOVERY 

Strontium Recovery Program 
J 

Strontium Purification - Installation of the larger columns and accessory equipment 
in A-Cell f o r  production-scale strontium purification was virtually complete at 
month end. One or =re cold shake-down runs w i l l  be mrrde in November with the first 
production run scheduled for  early December. 

Supporting laboratory studies were W e  on concentration of strontium by nitric acid 
elution from the last column, the complexing of high concentrations of iron in the 
crude Purex feed, and on sequential elution processes. Room temperature elution of 
strontium f r o m  the iast column in the EDTA process with 6 M EHO3 rather than with 
buffered EZYPA gave a peak concentration of 125 grams of stFontium per liter, and 98 
percent of the strontium was eluted at an average concentration of 52 grams per 
l iter,  A similar elution at 51 
C recovered 99 percent of the strontium at an average concentration of 56 grama 
per liter. 

The concentration of iron and lead in the Purex strontium concentrate has been found 
to be m c h  higher than expected and will saturate the ion-exchenge resin, thus 
significantly decreareing the capacity of the in-cell equipment for strontium puri- 
fication. Ways to overcome this difficulty are accordingly being sought. On the 
basis of prel- results f r o m  a column run currently in progress, addltlon to 
the feed of a quantity of EIYEA just sufficient to complex the iron and lead appears 
to a l l o v  these elernents to pass through the column without interfering with alkaline 
earth loading. Major drawback is the need for an accurate analysis of each batch of 
feed 

The absorption break-through curve MS very sharp. 

Laboratory Solvent Extraction Studies - Experiments were continued to develop flow- 
sheets for solvent extraction recovery of strontium f r o m  Purex Plant "crude cut" 
solution. mi-mixer-settler runs were made with both acetate and citrate buffered 
concentrated feeds to determine operability and decontemination with various proposed 
flavsheets. EwiLsion formation and poor phase disengagement led to severe flooding 
with acetate buffered feeds at pB 4 and with the solvent (D2EHPA) Initially all In 

J 



c -7 

the sodium form. 
at pH 4 were used with all or partly sodium form solvent. 
operability was obtained with feeds at pH two or three buffered with either acetate 
or citrate when the solvent was all initially in the acid form. Feeds used in these 
runs were spiked with appropriate tracers to permit determination of decontamination 
from various crude cut constituents. Analytical data on the runs are not yet avail- 
able. 
stituents versus pH for different buffers and solvent loading are being accumulated. 
It is of interest that iron extraction is much less from citrate than from acetate 
buffered feeds. 
of iron appears feasible. 
feeds, the organic to aqueous flow ratio must be greater than one to obtain strontium 
distribution coefficients greater than one at any pH up to five. 

Satisfactory mini operation occurred when citrate buffered feeds 
Also, excellent mini 

Batch contact data to define distribution coefficients of crude cut con- 

Operation of the first extraction cycle at pR 4 without extraction 
Batch contact data also indicate that, with concentrated 

Pilot Plant Solvent Extraction Studies - Investigations of the pulsed column solvent 
extraction behavior of strontium in D2EHPA and simulated -ex 1WW crude cut have 
continued using a concentrated feed, lee., 2 g/l strontium. Results indicate that: 

1. 

2. 

3.  
t, , 

4. 

5 .  

Strontium extraction (pH 4) H!KJ's were in the range of 1..7 to 2.0 fee& at 
430 gal/hr-sq.ft. throughput. 

The partition column (pH 2 )  dispersion characteristics and degree of stability 
were not significantly different for acetate or citrate buffered feeds. 

The u8e of a complexing agent (trisodium - A - hydroxyethylethylene- 
diaminetriacetate, 1 .e., Na3EEDTA) decreased the extractability of zirconium, 
iron, and lead by a factor greater than 10. 

The problem of preferential wetting of the column internals by the organic 
phase (reported last lllonth) has been considerably alleviated by either (1) 
more stable column operating conditions, or (2 )  pointing the nozzle plates 
toward the top interface. 

The stripping of strontium, calcium, and lead from organic produced in extract- 
ion and partition runs is nearly quantitative with 0.1 M - HNO3. 

Flltratioa of Strontium Product Precipitate - Strontium sulfate precipitated from 
strontium nitrate solution (6 g Sr/l) by adding sodium sulfate solution and digesting 
one hour at 80 C was ca. 100 percent retained on a 10-15 micron porosity filter 
(Medium Dow Corning fxtted glass) but essentially a l l  passed a 40-50 micron porosity 
filter (coarse fritted glass). 
of ammonia solution, the solid was - ca. 100 percent retained on the coarse filter. 

Variations in reagents wed and digestion conditions were tried i n  an effort to 
increase particle size of precipitated strontium carbonate. 
all conditions tried were ca. 100 percent retained on a mdium filter but zero 
percent retained on a coarz filter unless a filter aid was used. 

Storage of precipitated strontium sulfate and strontium carbonate with Selite filter 
aid fo r  one week at 400 C had no observable effect on the ease of suspending the 
solids in water 

When the precipitation was made at pH 7 by addition 

Solids formed under 

. 

L e  In the pilot plant filtration characteristics of strontium oxalate, carbonate and 
2 sulfate are being studied to develop a shipping and storage concept. In the first 

1 2 3 4 2 8 9  OSUSm 
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of a series of tests, slurries of these compounds were (1) filtered on a stainless 
steel cloth, (2) heated to 650 ? to simulate potential conditions during shipment 
or storage, and (3) backflushed with a volume of filtrate equal to that removed by 
the filtration. Current results of these studies are summarized as follows: 

1. The strontium sulfate required no fllter aid. About 99 percent of the cake 
was removed by backflush. 

2. The strontium carbonate required a filter aid. 
deposited vithout filter aid vas remved by the backflush. 

About 88 percent of the cake 

3. The strontium oxalate required filter aid. No backflush tests vere msde. 

Strontium Recipitate Stabilitx - A study reported last month of the radiation 
stability of shippable solid strontium compounds was continued with irradiation of 
strontium carbonate samples to higher total dosages than were initially wed, and 
w i t h  re-irradiation of samples to determine whether gas-producing impurities would 
“burn out.m 
Smith and G.B. Barton. 
increased dose, C02 and CO were still produced in significant amounts. 

The results were summarized in an informal report, m - 6 ~ 8 9  by F.#. 
Although the rate of gas production did decrease with 

Corrosivity of Strontium Storage Solutions - Weldment coupons of 309 SCb in the 
as-velded condition are being erposed to boiling solutions sinnilating Purex Plant 
crude cut solutione which wiil be stored f o r  subsequent Sr-90 recovery. 
corrosion rates have been less than 0.1 &/ED. 

To date 

InstnuDentation -*A survey was made of the condition of the old style gama monitor 
cells at the Hot Semiworks. 
cells has been placed. 

An order for 12 nrqlded fluorothene and polyethylene 

Two pH flow cells vill be instelled in A - C e l l  samplers. 
be installed alongside the cooling water effluent lines. One VU monitor gama 
activity in the effluent line to the crib and the other Will monitor effluent to 
the pond. 

Tvo gamma ion chambers will 

Purex Plant Flowsheet Studies - Laboratory studies with tracer-level synthetic 
solutions were continued in an effort to improve strontium yield and purity in the 
current Purex plant head-end strontium recovery campaign. 100 supporting B-Cell 
runs were madc during the month due to Inability to obtain 1wW feed from Purex. 
Highlights of the laboratory findings follow: 

1. Good strontium recovery can be obtained in the sulfate precipitation step 
over qulte a wide rsnga of conditions (pH, sulfate, lead, and tartrate 
concentrations ). It is particuhrly significant that 97 percent strontium 
recovery can be achieved vith 0.02 Id Pb at a sulfate concentration of only 
0.66 molar, thuer eliminating the nezd for added sulfate, with its accompany- 
ing dilution and complication of waste disposal. 

2. Metathesis with a mixture of caustic and carbonate (2 to 5 Id HaOH plus 0.5 
to 1 Y Ha$O3), vice carbonate or caustic alone, removed a6ut 70 percent 
of thg leed vith a loss of one percent (or less) of the strontium. 

3. In-centrifuge oxalate leaching show promise f o r  separation of strontium from 
lead and rare earths without the necessity for a second centrifugation. 

/’ 

leeching of the sulfate cake did not vork well, but similar 

1 2 3 4 2 4 0  
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r - '  3. 

4. 

5 .  

6.  

( continued ) 

treatment of the carbonate cake gave excellen3 atroatium recovery a t  pH 0.3. 
Alternately, a single Peach a t  pH 3 removed i ron  and the fission products 
other than strontium. 

Ua6hing a sulfate cake w i t h  disodi-an c i t r a t e  dissolved all cf the rare 
earths but only about ten percenf of the strontium. - 
A laboratory strontium recovery run was mcrde S-ating the heels, J e t  
dilutions, etc., involved i n  plant operation. Conditions were those of plant 
run #7. 
recovery o r  decontamination, as compared to ear l ie r  laboratory results. 
Overall strontium recovery was 86 percent. 

In the course of the above work, a large discrepancy was observed in messurfng 
the pH of some of the process solution - depending on teitiperature of measure- 
ment. Observed pH increased by as much as one pH uni t  over the temperature 
range 20 to  80 C. 
measurement of pH a t  different temprawres in l a b r a t o r y  and plant could have 
serious and puzzling consequences. 

Simulation of the heels appeared t o  have l i t t l e  effect  on strontium 

Thus, fo r  processes i n  which pH con+Yrol is cr i t ica l ,  

Strontium Concentrate Composition - A cowlete  analyais h a  been made of a sample of 
the strontium concentrate from the #4 Purer plant production run, and a partial analysis 
has been completed on a sample of the pooled concentrate stored i n  the 244-CR vault, 
+he latter representing material from production runs 1, 2, 3 and 4. 

I .hum in the accompanying table. 
detection limit@), and the calcium to strontium ra t io  is also quite favorable. 
ever, the strontium concentration itself is lower thsn desired, and the high iron 
(and lead) would eeriously reduce the capacity of planned solvent extraction and 
ion-exchange purification processes. 

Results are 
The b a r i u m  conc3ntration is gratif-y lov (below I 

I 
l 

How- 

Isotopic analysis of the strontium from the #b concentrate indicated a very high 
quality product with negligible natural strontium contanination. 
57.33 percent strontium-90, 41.86 percent strontium-88, 0,33 percent strontium-87, 
and 0.48 percent strontium-86. 
product strontium is about 6 l . 5  percent. 

Analysis indicated 

Theoretical strontium-90 content f o r  pure fission 

C ons t i t w n t  Run #4 Concentm+& 

Fe 
Pb 
N a  
Ca 
Bs 
Sr 
Sr-90 
sr-89 and 90 
Ce-Pr 
Ru 
zr-n-95 

244-CR V a u l t  Sample 
(Runs 1, 2, 3 and 4) 

1.25 g/l  
0.24 g/1 
2.0 g/ l  
B.A. 
BAA. 
B.A. 
H.A. 
4.75 x 1013 d/m/ml 

Hot d e t e e ~ b ~ ~ m l d  
2.2 x 1 

2.0 1013 ~/mlml 

I 2 3 4 2 9  I 
4 e  
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Fission Product Packaging 

Strontium N i t r a t e  Calcination - Exploratory studies on the direct  denitration of 
strontium ni t ra te  included two approaches w i t h  the agitated gas-fired pot: 
(1) batch calcination of Sr(RO3)2 crystals, &d (2) continuous calclnation of a 
water solution of ~ r ( ~ ? 0 3 ) 2 .  

The charge of c r y s t a l s  calcined uneventfully a t  600 t o  TOO C .  
rosion of the stainless steel pot took place. The residue contained 88 percent 
SrO and eight percent insoluble matter assumed to be corrdeion products. 
water solution (400 grams Sr(H03)2 per liter) was fed a t  about 10 ml/min t o  the 
pot, maintained a t  500 to  TOO C .  Dusting was severe, calcination was incomplete, 
and the incompletely calcined material adhered to cooler portions of the pot. 

Coasidemble cor- 

The 

Further tests are planned t o  determine *e best method, operating conditions, and 
materials of construction f o r  the calcination of Sr(lVO3),. 

Sa l t  Drying and Crushing - Further tests w e r e  made on the "king sized hotplate" 
i n  batch conversions of brine ( H a c 1  - as a stand-in f o r  C s C 1 )  to  a dry salt.  
sp i te  of re la t ively severe corrosion of stainless steel surfaces used in  the 
feasibFlity studies, the resultant slab of salt continued to be easy t o  remove 
after the equipment cooled to room temperature. The successful cleavage between 
the slab aud the contairrer is believed to be caused by di f fe ren t ia l  thermal con- 
t ract ion.  
with (1) a plate-type rotary crusher, (2 )  a ro l l e r  chain crusher-remover, and 
(3) a conventional cube remover from an ice  tray.  
readily transferable to  a crusher. 

Em- AlqD M1ERIALs 

In 

Salt cake removal and crushing has been euccessiully accomplished 

The latter produced cubes , 

I-- 

Magnetic Pulser 

A magnetic pulser w i t h  two solenoids driving a 1.55-inch diameter piston was 
operated successfully pulsing water i n  a 1-inch g l a s s  colurnn. 
and amplitudes up t o  100 cyc/min and 2 inches were attained. 
with severe burning of e lec t r ica l  contacts were corrected with diodes. 
of magnetic pulser parameters Vill follow this i n i t i a l  operation. 

Pulse frequencies 
Previous problems 

A study 

Corrosion i n  Heat Exchanger Tubes 

Ron-uniform corrosion attack observed i n  proceee heat exchangers prompted an 
investigation of several chemical and concentration ce l l s  which might be respon- 
sible.  
equivalent area. 
resistance; c e l l  potentials were measured w i t h  a pE meter. 
measured indicate the chemical and concentration ce l l s  studied would have l i t t l e  
effect on the overall corrosion rates except 8t very adverse Surface area rat ios .  
A specimen of 304-L scaled by heat treatment shoved a high corrosion rate as the 
anode in  boiling 65 w/o EN0 . 

!The c e l l s  were established between 304-L stainless s t ee l  electrodes of 
Cell  currents were measured under conditions of zero external 

Corrosion rates 

The scale was only par t ia l ly  covering and the 
corrosive attack w a s  p r i m  1 ly through loca l  action. 

Effect of Fluoride on Corrosion by Purex 1 W W  

A t t e m p t s  t o  obtain meaningful data on the effects  of added fluoride on the cor- 
rosion of 304-L stainless steel by synthetic Purex 1W have not been successful 

1 2 3 ~ 3 2 9 2  , .1 
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ue to oxidation of chromium i n  the laboratory equipment used. In t e s t s  In 
boiling 6 M HHO3 - 0.01 M EF, aluminum to fluoride rat ios  of four and s ix  are 
required tz reduce corroTion rates fo r  304-L to 0.5 and 0.2 mll/m., respect- 
ively. Tests in  8 - n m03 - 0.0m - HF are  i n  progress. 

Ceramics Evaluation fo r  234-5 

A second 99.9 percent Yttria crucible w a s  tested in a barium-potassium-sodium 
chloride solution. 
but some had percolated through. 
through the crucible. 

A f t e r  32 hours some of the solution was st i l l  in  the crucible 
A f t e r  96 hours the salt had all percolated 

A L i - A 1  Si l icate  crucible has been tested fo r  two 100-hour periods a t  750-800 C 
w i t h  the same solution as above. During th i s  test hydrogen is  bubbled continuously 
through the solution. There has been no detectable percolation of  the salt through 
the crucible. A t  present the crucible is  being subjected to a th i rd  100-hour test. 

Bon-Metallic Materials Evaluation 

Three samples of Durachor 4000, a product of the Ceilcote Company, were tested for  
use i n  the presence of 35 percent n i t r ic ,  3.5 percent hydrofluoric acid. After 10 
days at  room temperature and 10 days a t  35 C,  there was no detectable damage to  
the resin. There was damage t o  the glass roving reinforcing of one sample. 

PROCESS C O r n O L  mvELoPMEm 

I-Column Test Fac i l i ty  and Studles 

The C-Column Test Faci l i ty  was operated to test  the operability of the instrunb?nta- 
t ion of the uni t  and to  examine the reproducibility of the data obtained. 

The D a t a  Reduction code was modified t o  include the calculation of (1) the standard 
deviations of several controlled variables, (2)  the density of the two phases a t  
any sampled port, and (3) the 1CF uranium concentration from the 1CF photometer 
reading. 

Data from ten runs were processed using the modif&ed code. 
the standard deviations f o r  the controlled column variables which w e r e  obtained 
during t h i s  series of runs are tabulated as follows: 

The average values of 

Average Standard 
Variables Nominal Value Deviation 

1CX Acid 0.7 dl 0.04 g/l 
1CF U r a n i u m  90 g/l  1.10 g/l 
1cx Flow 1000 ml/min 14 d/min 
1CF ?low lo00 ml/min 14 ml/min 
1CX Temperature -- 0.8 deg c 
1CF Temperature -- 2.1 deg c 

. -  Typical mid-column Temperature -- 0.7 dcg C 

; Tn addition, one run was made where the mid-column photometer was l e f t  in one 
'dampling port f o r  three hours. This particular port  vas located a t  the point i n  

\ I  
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the column which had the lergest  concentration gradient with respect t o  column 
position, thus it would be expected to  have the largest random variation i n  con- 
centration. 
was 0184 gram/liter, a t  an average concentration of about 30 g/l. 
that th is  would be the maximum deviation over the concentration range 1-100 grams/ 
l i t e r .  

The standard deviation of the reedings obtained during th i s  period 
It is expected 

The temperature indicating elements i n  the column vere found to  be sensitive to the 
ambient temperature in the canyon. 
now agree within 2 C a t  a nominal operating temperature of 50 C.  

This has been improved and the eight thermohms 

Bubble Counter Study 

Satisfactory operation of the bubble counter instrument system for mid-point samples 
of the column in the above f a c i l i t y  was obtained using input s igaa ls  from the 
internal  calibration system. 
channel analyzer. 
the column will require additional study. 

It is now possible to  count bubbles on the twenty 
However, the problem of drawing a representative sample from 

With the two probe sizes now being used, bubbles of varying lengths can be drawn 
from the column. It appears tha t  the bubbles may be breaking up upon entering the 
probe. 

Calciner Furnace Control System .. 
The remote automatic set point progrsnmrer has arrived and is being evaluated for 
use vi th  the K - C e l l  furnace shell temperature controller. 
driven slide vire is used in the  set point prognuumr, synchronization of the 
finish section shell temperature v i t h  the feed section shell temperatures w F l l  be 
insured by cutt ing a cam to  precisely mstch the existing f in i sh  section she l l  
temperature versus time curve. 

Since a mhchanical cam- 

Redox Column Control System 

A l i s t  of control components required for the Redox IB, 2A and 2B automatic column 
control system is being prepared. 
a 3 to  1 5  psi range t o  mstch the existing Foxboro m o g  Model 40 type controllers 
and recorders. 
the lBP plutonium neutron monitor is installed.  
determining controller settings to obtain a stable control system. 

Host of the components viU. be pneumatic, with 

Transient column frequency response tests w i U .  be run as soon as 
The transient tests will aid in 

Electrolytic Conductivity C e l l  

A prototype conductivity flow c e l l  has been fabricated from 1/4-inch stainless 
steel pipe which incorporates the seal  - insulator described last month. Tests 
with the pro to typ  indicate that the c e l l  constant can be varied from 1 to 100. 
Under normed. flow conditions, the c e l l  requires about lminute to sense the c a g e  
from 0.9 - I4 n i t r i c  acid t o  2.0 M - n i t r i c  acid. Tests and evaluations are continuing. 

AHALrpIcAL m IIosTEiummu c=s= 

Siwiltaneoua Determinations of Lead, Strontium, and Zirconium by X-Ray Emission 

Increased analytical  needs for strontium recovery studies led to the developaaent 
of a new method fo r  the simultaneous determinationa of lead, strontium, and 
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irconium. Important aspects of the method were the use of an X-ray tube with a 
tungsten target and the use of rubidium instead of mercury as an internal standard. 
The I, beta 1 and 2 lines of lead; the K alpha linea of strontium, rubidium, and 
zirconium; and a background near each of the analytical lines were measured using 
a sodium chloride diffraction crystal and a scintillation detector. The use of 
a single internal standard for determining three elements reduced sample prepara- 
tion and counting time, as compared to the use of separate preparations of a 
ssmple with a different internal. standard for each unknown. 
strontium and lead determinations was f 5 percent and the detection limit, 10 ppm. 
The precision and detection limit for zirconium were i10 percent and about 100 ppm. 
Poorer zirconium performance resulted from both a considerable difference i n  wave 
lengths of the zirconium K alpha line md the rubidium K alpha line, and an un- 
certainty in correcting for the influence of the strontium K beta lines at the 
zirconium K alpha line- 

Precision of the 

- 

Direct Determination of Iron in Organic Samp les 

A method for directly determining ferric iron in organic samples was adapted to 
support strontium recovery studies. 
was contacted vith 50 percent potassium thiocyanate. 
thiocyanate complex was completely retained by the organic phase. 
absorption at 480 npl indicated original iron concentration. 
able to those obtained by the wet ashing - orthophenanthroline method. 

Sample, diluted w i t h  colorless -ex solvent, 
The resultant red ferric 

Its light 
Results were compar- 

Coulometric Determinstioa of Plutonium in.the Presence of Fluoride Ion 

Bluoride ion interfered with the coulometric determination of plutonium by shifting 
the half-vave potential of plutonium to more or less negative vslues, depending 
upon the fluoride ion concentration. Beside not being able to select the correct 
potential for plutonium, one found the shift in potent ia l  was in the direction of 
the half-vave potential of iron to the extent that iron became a significant 
interference fn the plutonium titration. 
complex formation by fluoride and plutonium ions. 
the fluoride ion, reduced the shift in the plutonium potential. The shift was 
essentially eliminated w i t h  at least eight tinme as much aluminum as fluorine. 
Thus, plutonium was successfully msasured in hydrofluoric-nitric acid dissolutions 

The shift in potential resulted from a 
Adding aluminum, to subdue 

of ml$ and m02. 
N01-pRouuCTI010 mELs RgPROCESSING 

Materials of Construction 

Laboratory-scale dissolvers fabricated from BHI experimental alloys HAPO-4, -11, 
-20 and -21 were exposed to failure in boiling l l 4  HHO3 - 2 Y IS. All of the dis- 
solvers except one of two fabricated from HAPO-20-failed eft;;r leas than one month 
exgosure due to preferential weld metal attack. 

rectify the initial. poor welding by laying down a heavy bead on top of the original 
seam were not wholly successful. 
some attack occurred in heat sensitized zones indicating high carbon. 

'Phe welding &ne on these dis- 
_ .  solvers vas not top Quality; penetration MS poor in rmplly places. Attempts to 
. 

. 
Carbon content of the UOYE v i l l  be checked since 

criticality lreed mterials Regaration 

' Feed material for the third PCTB experiment to determine KO vs. E/U atomic r a t i o  
for three percent U-235 enriched hobgeneow uranyl nitraterrnter syetems were 

DEGM 1 2 3 u c 1 5  m 
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prepared and delivered. The shipment consisted of 
boron carbide-poisoned, crystall ine uranyl n i t ra te  
polyethylene pellets to bring the H/U atomic ra t io  

agproximately 275 pounds of 
trihydrate vi t h  suff i c  lent 
to 13. 

FEACTOR DEWLO- - 4000 PROGRAM 

Processing PRTR Fuels 

Ruptured PRTR fuels vi11 be transported to the Redox plant in sealed aluminum alloy 
c a s .  
tains from 004 to 0,8 weight percent si l icon. 
ruptured fuel elements) it may be desirable to dissolve these cans in HITO -Hg(R03)2 
aad process the solutions in  the Redox plant. A s lmla ted  Redox process seed 
solution was HUO -&(IVO3)2, butting the 
solution with UlOH and concentrating it to 1.0 Bf;(rm0373-1'25 UHH. Following 
simulated plutonium oxidation, standard dispersion disengaging time t e s t s  were 
m~dz using pl-ant hexone. 
prepared by dissolving X8001 aluminum (0.35 w/o S i  msx. ) was used to di lute  the 
60a solution in preparation of simulated Redox feeds. A t  dilutions of four or 
more parts x8001 solution t o  one psrt 6061 solution, dispersion and disengaging 
behavior was comparable to "nonnal" Redox feeds. 

The alloy currently proposed for fabrication of the cans is 6061 which con- 
Under so= circumstances (badly 

prepared by dissolving 6061 alloy 

Thick edS iOn8  were formed in  both phases. A solution 

Sa l t  Cycle Process 

Liquidus Curve f o r  BgCl-KCl-UO&lp System - A different ia l  thermal analysis appar- 
a S u  has been used t o  determine the melting points of equimolar M a C l - K X I l  mixtures 
w l t h  varlous amunts of U0$12.' A8 the mole r a t io  of XVaCl:KCl:UO$12 is  varied 
from 1:l:O t o  1:1:1.39 the melting point decreases monotonically from 660 C to 490 C .  
Measurements could not be carried to UO$l2 concentrations greater than 41 m/o 
because of thennal decomposition of the UO2C12. 

) - The feas ib i l i ty  of cathodically depositing U02 out 
of various chloride mixtures melting a t  lower temperatures than the equimolar 
NaCl-KCl system (MP 660 C) has been explored in  scouting experiments. 

To date the most a t t rac t ive  possible alternate t o  the NaCl-KCl m e l t  appears to be 
the KICl-PbC12 eutectic (52.7 m/o PbC12 - 47.3 m/o El, MP 4 l l  C) .  Electrolyses 
in this m e l t  a t  one vol t  and 0.5 ampere current and a t  temperatures of 450 t o  500 C 
produced adherent crystal l ine U 0 2  deposits ranging in oxygen/uranium ra t io  from 
2.011 to 2 .0a  and with Pb and K contents of the order of 200 ppm each. 
to i ts  lower melting point, t h i s  m e l t  has the advantage that it can be readily 
m i n t a b e d  dry.  
ation) there is much less tendency f o r  E l 4  to be formed through reaction of U O S 1 2  
w i t h  the graphite anode than is the case w i t h  the NeCl-KCl melt. 
disadvantage of t h i s  m e l t  is the low aqueous solubi l i ty  of lead chloride which 
makes i ts  removal fromUO2 deposits d i f f icu l t .  

Attempts t o  cathodically deposit U02 from other chloride mixtures of lower melting 
point than the NaCl-KCl mixture have met with varylng success. 

Electrolyses i n  equimolar KCl-ZnC12 containing up t o  2 m/o T l C l  produced adherent, 
crystall ine U02 deposits only a t  temperatures above 550 C. 

In  addition 

Likewise (and probably because of the lower temperature of oper- 

!Che principal 

A t  lower temperatures 

2 3 1: 2 9 b 
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he deposit was very f inely divided, poorly adherent, and there was some evidence 
tha t  metallic zinc w a s  present in the deposit. 
resistance was substanSially higher a t  low temperatures. 
temperatures showed oxygen/uraaium rat ios  of 2.13 to 2*29 vice 2.0097 i n  a deposit 
made a t  600 C. 
with metallic copper being co-deposited out of 0.5 or 0.3 w/o C u C l  systems. 
metallic copper w a s  apparent in  a deposit out of a melt containing 0.15 w/o CuC1. 

m e  equimolar NaCl-Mgc12 system (which melts a t  about 550 C )  proved d i f f i cu l t  t o  
dry  but once dried showed no great tendency to take on moisture from the air. 
Dissolution of u308 In t h i s  system proceeded a t  a rate  comparable to tha t  i n  NaC1- 
KC1 and electrolysis produced a coarse, adherent deposit. Interest  in this system 
w i l l  probably be largely ccntiogent on the outcome of the present studies seeking 
to determine tbe effect  of hydroxide in melts on the nature of the U02 deposit 
formed 

Likewise, the effective c e l l  
Deposits a t  the lower 

Generally similar behavior vas noted with +,he KCl-ZnC12-CuCl system 
No 

No successful depositions were obtained out of the NaC1-KC1-AlC1 -systems and the 
graphite anode w a s  badly swollen. Depositions out of the N a C l - d C l 3  system with 
an aluminum anode produced adherent cathode deposits but these were very f inely 
divided e 

Pi lo t  Quantities of UOg - Electrolysis of the salt  bath with repeated uranium 
charging hers been demnstrated w i t h  l i t t l e  effect  on the product U02 quality. 
During a four veek period eleven electrolyses were carried out with a single charge 
of equimolar ~eCl-KC1 under conditions previously described. 
'Imken up and reheated each week. 
average O/U r a t io  of 2*015 w a s  produced from 25 l b ,  of U0$12.E20, 25 1%. of UO3, 
and 3 lb .  of U3%. 
the salt  bath a t  the end of the run. 

The salt  was cooled, 
During this period electrolytic U02 with an 

AsOut one percent of the t o t a l  uranium charged w a s  l e f5  in  

The UOg is deposited on the graphite cathode in continuous sheets up to  4 mm thick. 
Examination of a cross section of one deposit shows tha t  in a thin layer next to 
the electrode the crystals are quite s m a l l  (10-50 microns). 
the crystal  structure is  chaotic with voids and equiaxial crystals which are 
generally much larger than a t  the electrode surface. 
deposit the U02 form coLumns perpendicular t o  the electrode surface with the sur- 
face toward the salt bath having c-rystal faces up to  2.5 mm across. The outer 
formation appears to be most desirable because of i t s  large crystals, apparent 
high density, and regular c rys ta l  shape. 

In the next 1.5 mm 

In the outer 2.5 mm of the 

Long runs with thick U02 depositrs may promote growth of large c o l w ~ ~ ~ a r  crystals.  
However, rurl. times have been limited t o  less than 4 hours by depletion of the 
uranium i n  the s a l t  bath and conversion of as mch as 5 0 9  of the uranium i n  solution 
t o  U(IV) which resu l t s  in high potential drops or  low currents. The U ( I V )  is 
believed to be a product of a side reaction between U02*, Cl2 and graphite. 
recirculating system providing for continuous uranium addition and U(T0) destruction 

A 
* 

. would decrease this diff icul ty .  

Decladding Studies - Laboratory scale studies were conducted to determine vhether 
chlorinating agents could be used to dissolve oxidized Zircaloy in molten equimolar 

7be Zircaloy dissolves in  an uneven manner presumably because of the p i t t i ng  attack 

- *  

, N a C l - K C l  a t  approximstely 800 C. HCi and C l 2  were used successfully in the tests. 

i 
' 2' 



necessary 4a penetrate the oxide film on the metal.. 
gas was dependent on the ra te  of gas flow through the reaction area. 
ference vas observed betweekz the reaction rates of C12 or El. 
formed dupicg the  reaction was found in the molten salt. 
dtt-in43 the reaction is insoluble in the salt, 

The dissolution rate for  each 
L i t t l e  d i f -  

Most of the ZrCl4 
2'02 which is flaked off 

Materials of' Construction - Samples of Armco 17-14 Cu-Mo and 15-7 no, INOR 1, Inconel 
X, BssteUoy W, Monel, Alchronse D, Alnico 5, Alnico 2, and 25 and 50 percent cold- 
reduced &o 17-7 PH were exposed to HC1-sparged equimolar I?aCl-KCl &t a t  750- 
800 C o  
less than 100 mils/mo. 

only Alchrome DP Alnico 2 and Alnico 5 had corrosion rates equal to or 
The rate f o r  Alnico 2 was 35 mils/mo. 

During exposure t o  HC1-sparged equimolar PbC12-KC1 m e l t  at  500 C, samples of 
Sastelloy B, D, and W and Lc;hrome D corroded a t  rates of 100, 18, 81 and 50 mils/mo, 
respec tively. 

RADIOACTNE RES= FIXATION 

Radiant-Heat Spray Calcination 

Additional spray calciner runs were msde w i t h  syathetic alknline waste corresponding 
t o  a mixture of neutralized Purex 1W and organic wash waste (W). 
stantiated those reported last month but included a run w i t h  no sugar additione 
This, too, calcined vithout d i f f icu l ty  and actually produced the highest powder and 
sintered densit ies of the series (0.735 and 2.08 g/cc, respectively). Hovever, 
residual nitrate concentration i n  the powder was 5 . 6 6  percent. 
grams/liter of sugar (0  to 30 percent stoichiometric excess) gave a residual n i t ra te  
concentration of only 0 04 percent 

Results sub- 

Use of 70 t o  100 

A spray calciner run w i t h  continuous melt-down MS made with simulated Purex acid 
waste to  groduce a m e l t  comparable in  s ize  to those produced in the 3U Building 
experLmental pot calciner. 
less steel pot was attached to the bottom of the f i l t e r  section of the spray calciner 
arid heated to  800 C. 
1.6 liters of melt, a volume reduction factor of over 18. 
g/cc, and +,here was no evidence of corrosion of the pot. 
(Na/M) was 1.05 
a somewhat lower sodium concentration than previously supposedo 
n i t r a t e  r a t i o  was 5.3. 

The 4-inch dimter by 13-inch long schedule 40 stain- 

A t o t a l  of 30 liters of feed was calcined and produced about 
Melt density vas 3.0 
Sodium to m e t a l  ion r a t io  

rather than 1.5, suggesting that a good melt may be obtained a t  
Sulfate t o  =tal 

In the proposed A-Cell spray calciner, as well as i n  one configuration for a plant- 
scsle un i t ,  the filter unit  is connected t o  bhe bottom of the column by a slanting 
diagonal pipe. It is intended that the p d e r  blown off of the filter would slide 
back down the pipe counter-current to the off-gas flov. 

A test r i g  including a ni t ra ted 6-inch by 4-f~olb aluminum pipe vas set up t o  deter- 
mine allowable gas flow rates and optlmm s lan t  angle. Results showed that the 
scheme is workable and that optimum inclination angle is about 5 0  t o  55  degrees 
from horizontal. Further tests w i l l  be made on the laboratory calciner. 

The filter media test program continued w i t h  testing of National Filter Media glsss 
cloths G-201-a and 0-202-c and Csrborundum Company's Fiherflax cloths L-136 and 
L-144 To 
ranged from 667 t o  4370 depending on filter media and dust loading. 
materials 

The latter two are composed of aluminum s i l ica te .  Decontamination f8ctorS 
The Fiberflax 

tter decontamina%ion performance th8n the glass o r  p r t z  cloths, 
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'ad the pressure drop w a s  not significantly higher. 
is probably doing most of the f i l t e r ing  since the decontamination performance seems 
to  vary l inear ly  with the pressure drops. The cloths w i l l  now be tested w i t h  
blow-back. 

In all cases, the f i l t e r  cake 

Mineral Reactions 

- Laboratory experiments were performed to  investigate the influence of flow rate on 
the c a p c i t y  of c l inopt i lol i te  for  decontaminating coating waste. 
a synthetic coating waste supernatant solution was spiked with radiocesium and 
radiostrontium and passed through a bed of cl inopt i lol i te  a t  a flow ra te  of 6 gal/ 
ft2/hr. 
detected in the effluent. 
t h i s  flow rate considerably improved over that which was earlier obtained with 
faster flows (50 gal/ft2/day). No strontium breakthrough was detected a t  t h i s  
point, even though no phosphate was present in the synthetic waste solution to  
react with calci te  in the mineral bed. 

For this purpose 

* '  

Forty-five bed volumes passed through the column before radiocesium was 
This appears t o  Indicate a mineral bed capacity a t  

Preliminary experiments were p e r f o m d  i n  which synthetic, partially-neutralized 
Purex 1WU waste w a s  passed through beds of cl inopt i lol i te .  
t o  pH 1.5 before passage through the bed. The solution would not pass through a 
bed of the mineral u n t i l  it was thoroughly leached with acid. 
radiostrontium broke through the column immediately under these conditions but a 
f a i r  capacity for cesiumwas found. 

The solution was adjusted 

As was expected, 

Fxsmination of the fusion of c l lnopt i lo l i te  indicated the fusion temperature to  be 
-bout 1200 C w i t h  a hard, shiny, green product being formed. 

Calcite vas identified by X-ray diffraction in selected impurities removed from 
surfaces of several pieces of c l inopt i lol i te .  No gypsum could be detected in  th i s  
material. Neither calci te  nor gypsum could be identified in crushed and washed 
cl inopt i lol i te ,  probably because of the low concentrations involved. The reported 
content of calci te  and gypsum based on chemical analyses is 1.4 percent and 0.1 
percent, respectively. 
ated cl inopt i lol i te  and samples irradiated to 5 . 5  x lo9 R by mean8 of X-ray 
dlffraction or different ia l  thermal analyses. 

The calcite-phosphate reaction was 'found to be ineffective f o r  removing Ce-144, 
Ru-106, and Zr-95 - Rb-95 from Purex tank farm Condensate. 
improve strontium removal over that by a bed of cl inopt i lol i te .  

It was not possible to  detect differences between unirradi- 

The reaction does 

Condensate Stresm 

During Micro Pilot Plant Run 10, Purex !Ear& Farm condensate was passed through 
activated carbon to  remve organic and then through a bed of 1/16-in~h pellets of 
Lin& Holecular Sieve 4A. At a constant flow rate of 6 ml/min/cm2 the decontamina- 
t ion factor for cesium increased from 380 after 40 column volumcs had been passed 
through the bed t o  2000 after 180 column volumes had been treated. 

' 
1 ,  

. b d i f i c a t i o n s  were made to  the ~ c r o  Pi lot  Plant t o  uow long term evaluation of 
the decontamination a b i l i t y  of activated carbon followed by cl inopt i lol i te  on Purex 

/ *  ?tank Farm condensate. Run ll was star ted taward the end of the month. About 1000 
b o l u m n  volumes of w a s t e  have been passed through the cl inopt i lol i te  with about 

-' 90 percent or mre of the gross beta ac t iv i ty  being removed. 
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BIOLOGY AND MeDICINE - 6000 PROGRAM 

Geology and Hydrology 

Standard churn-drilling methods, long employed a t  Hanford, have been the mainstay 
of Hanford's sub-surface exploration and monitoring program, but fa i l  t o  provide 
some of the detailed information now needed. The new dr i l l ing  proposal now under 
consideration envisions studies to determine ways of procuring more information, 
a greater variety of information, and more accurate data. 

Wells i n  process of d r i l l i ng  a t  month end appeared to have encountered previously 
undetected but suspected channels i n  the surface of the Ringold formation. Well 
699- 57-83 encountered an evidently southeastward- trending channel south of Gable 
Butte and north of 200 West Area. 
was not detected by pre-existing wells i n  the vicini ty  on a one to  one-and-a-half 
mile spacing. 
ground water mound is believed to  f l o w  through t h i s  channel. 

This channel, the depth of which is not yet known, 

A considerable part of the ground water from the 200 West Area 

The second channel, i n  a re la t ively inaccessible and previously unexplored area, 
vas located by well 699-26-3. 
It provides a means of rapid egress of water from beneath the Himford Works into 
the Columbia River, hence is  a crucial  s i t e  for  monitoring. 

It l ies  between Route 25 and the Columbia River. 

Two research wells were completed a t  a location one mile west of the 200 West 
Area t o  provide a f a c i l i t y  f o r  testing instruments for measuring in-well ground 
water velocities. One of these was dr i l led  t o  basalt bedrock, encountering a 
confined aquifer direct ly  above the basalt. 
thick bed of impermeable clay. 
confined aquitfer the s t a t i c  w a t e r  level  i n  the w e l l  was 212 feet below the land 
surface. The second w e l l ,  20 feet away, bottoms i n  the clay bed and i s  perforated 
above the clay layer in  the zone of the unconfined ground water aquifer. 
s t a t i c  water level i n  t h i s  w e l l  i s  170 feet below the land surface. Thus, the  
piezometric head in the confined aquifer i s  42 feet lower than that of the upper, 
unconfined aquifer. 
the clay bed and which was perforated throughout its length. 
head difference between the two aquifers is  ascribed to  the nearby 200 West arti- 
f i c i a l  ground w a t e r  mound. 

The aquifer is confined by a 100-foot 
After t h i s  w e l l  was perforated in the zone of the 

The 

A strong flow of water would occur i n  any w e l l  penetrating 
This unusually large 

A laboratory flow system was used to  test the val idi ty  of a derived mathematical 
relationship between solution density and viscosity and the flow pattern. 
system studied involved the flow of the miscible l iquids having different densities 
and viscosit ies.  A readily-detected point of change in the flow path of the high- 
density l iquid as the head gradient across the s y s t e m  was diminished was used as a 
test of the derivation. A scale transformation was found that defined a new hy- 
draulic potential. from which predicted changes in the flow system coincided with 
observations. 

The 

Of ten samples of Hanford Works so i l  submitted to the University of California, 
Department of Irrigation, f o r  hydraulic testing, f ive  were completed. The tests 
involve the determination of capillary conductivity and the relationship between 
moisture content and capillary pressure i n  the imbibition cycle. The incomplete 
results examined during an infonnal contact with the laboratory seem satisfactory. 
The resul ts  of these neasurements are expected to assist with estimertes of flow 
paths and moisture distribution patterns i n  unsaturated systems, such as would be 
found beneath a leaking waste tank. 

-7- 1 2 3 Q 3 0 0  ,&% 
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visit by Chemical Effluents Technology personnel to the NRTS, Idaho F a l l s ,  at 
the invitation of U.S. Geological Survey personnel there, resulted in the 
profitable mutual exchange of information. Geological and hydrological problems 
at the two sites are remarkably parallel although lqRTs problems center largely 
around the basalts, whereas Hanford problems are more concerned with post-basalt 
sediments. Exploration techniques used at each site are readily applicable at 
the other site in comparable rock environments. 

Soil Chemistry and Geochemistry 

' Many radioisotopes, including ruthenium, can be removed from waste solutions by 
adsorption on a continuously-generated hematite (Fez0 ) layer formed by oxidation 
of ferrous iron upon contact with calcite (CaCO3). Ti! e calcite reacts with - 
hydrogen ions to increase hydroxyl ion concentration in a thin layer of solution, 
leading to hematite precipitation at the location of dissolved calcite. Aadio- 
isotopes 8UCh as Ru-106 and P-32 are adsorbed on the forming hematite. The 
proeess continues as long as the supply of calcite and ferrous ions lasts. Low 
concentrations (5-50 ppm) of ferrous sulfate initiate the reaction. In passing 
through limestone ships a solution containing 5.6 ppm FeSO4 was decontaminated 
with respect to P-32 about twice as effectively as a solution without FeS04. 
discovery is the subject of an invention report. 

The 

Molten salt experiments using Ha-22 traced erionite and clinoptllolite in fused 
lithium nitrate and potas8ium nitrate system confirmed the conclusions reached with 
cesium-traced erionite and clinoptilolite. 
entering the aeolite lattice does not cause the obeemed eslective replacenaent 

series occurs most readily with clinoptilolite. !J!his tends to indicate a favor- 
able stereochemical relationship between internal water, cations, and cationic 
sdsorption sites as a probable cause of the intense selective replacement action 
of the zeolite. 

The hydration state of a cation before 

The reversal at high temperatures from selective to coulombic replacement eries. 

Ground Waste Investigations 

Laboratory research was completed in currently planned ghases of a study of soil 
adsorption in unsaturated systems. Of the experimental results obtained, those 
f r o m  five unsaturated flow experiments and five saturated flow experiments are 
deemed satisfactory and warrant comparison. 
in soils ranging from 36 to 100 percent moisture saturated. From the breakthrough 
curves, the s o i l  ion-exchange capacity for radiostrontium f r o m  the common influent 
solution w e d  in all cases wa8 calculated. 
capacity was found, regardless of the degree of moisture saturation. This finding 
is of significance in evaluating the importance of lateral spreading of wastes 
disposed to the ground. 

'Fhe experiments involve ion exchange 

No significant difference in adsorption 

Field A p p a r a t u s  Developat 

The scintillation well probe was calibrated for quantitative field use. 
tions were performed in simulated well structures, with and without water contacting 
the probe. 
photons is contributed by the isotope vithln the vel1 casing. 
*or Sr-85 (and Ru-106) is 2 x 10-6 uc/cc, a value low enough to make the method 

Callbra- 

It was determined that 70 percent of the response from 0.51 k v  gammrs 
, I  

Overall sensitivity 

bttractive for studying w e l l s  known to contain ruthenium. 

1 2 3 4 3 0  I 
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The thermistor ver t ica l  flow meter w a s  used In the f ie ld  after resealing leads. 
I n  a w e l l  where the depth to ground water is shallow, vert ical  currents were 
20 - 40 cc per minute a t  4 feet below the &round water level aad w e d  down t o  
0 - 15 cc per minute a t  lower points. 
using an or i f ice  and sensitive pressure dif'ference detectors. 

A nev type flowmeter is be- developed 

Bloassav Procedures 

A Np-237 bioassay procedure was developed through modlficatioa of the routine Pu-239 
bioassay procedure. 
extractable t r ivalent  state and use of three 0.45 M TW-in-benzene extractions, 
lip-237 is separated with a yield of 90 to 95 percezt from the Pu-239. 
deposition and exposure t o  nuclear track emulsion8 the Hp-237 is determined with 
a yield of 70 percent and a sensi t ivi ty  of about 0.05 d/m per 24 hour sample. 
Although t h i s  procedure is  satisfactory further work to  increase the yield a t  the 
electrodeposition s tep is planned. 

By addition of ferrous iron t o  reduce plutonium to the non- 

After electro- 

Radiation Protection Studies 

Experiments were begun in cooperation w i t h  the pharmscology Operation t o  test the 
abUi ty  of erioglaucine to protect 'dogs from M acute lethal erpoeure to X-rays. 
The larger s ize  of the t e a t  animal allows its physiological resgonsea e0 the dye 
to be measured =re easily than YBS possible with mice or rate .  Upon injection 
of the dye the dog turned blue and stayed blue fo r  several days (In contrast to 
mice and rats which l o s t  color and presumably the effectlvenese of the dye in a 
few hours). 
i s  planned t o  give normally lethal dosages. 

Upon completion of the physiological tests,  bi-lateral. X-ray exposure 

The irradiation of agar gels was eramined -her to provide information for 
bridging the gap between the radiation chemistry of solute8 i n  d i lu te  aqueous 
solution and in  l iving t issue.  !J!he effect of mdiation on the gel etructure 
itself uaa not found to alter the diffusion 1-8- of erioglnucine In 4 percent 
agar up to the syneresis point of the gel at  2.6 x 106 rad. 
experiments and radical-scavenging reactions in specially-purified agar are planned. 

Further dlff'uslon 

Chemlcal Research and Development 

LP Bupg:cf 
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f-' BIOLOGY OPEEUTION 

A. ORGANIZATION AKD PERSONNEL 

No significant changes occurred during October. 

B. TECHNICAL A C T I V I T I E S  

FISSIONABLE MATERIALS - 2000 PRDGRAM 

.* BIOLOGICAL MONITORING 

An expanded biological monitoring program, planned for one year duration w a s  
in i t ia ted  during October, 1960. 
patterns of  geographical and interspecies levels of  contamination relative 
to the biological indicator organism values. 
of waterfowl taken by sportsmen from the hunting area surrouriding the HAP0 
reservation was in i t i a t ed  to determine levels and incidence of contaminants 
originating f r o m  W O .  

This study is designed t o  check present 

In  addition, extensive sampling 

Radioiodine Contamination 

Concentrations of 113l in the thyroid glands o f  jack rabbits were about f ive 
times l e s s  than those observed one year ago. I Values follow: 

\ 

Lo cat  ion 

Wahluke Slope 
Prosser Barricade 
Rattlesnake Springs 

pc/g Wet Thyroid Trend 
Average Maximum Factor 

3 10-4 + 2  
5 x 10-4 - 4  
3 x 10-4 - 

Columbia River Contamination 

Concentrations of gross beta emitters in Columbia River organisms collected a t  
Hanford were approximately two times those observed one year ago. 

, 
Values 

follow: I 

Organism 
Trend i pc/g Wet weight 

Average Maximum Factor I 
1 

I 
I 
I Minnows 4 x 7 x - 

Fallout Contamination 

Fission pmducts occurred i n  rabbits from Hanford Reservation i n  the fo l lowing  
amounts: 

. .  c 
L d  

Sample Type 

Feces 
Liver 
Muscle 

Total Beta Trend 
Average pc/g Wet Material Factor 

1 x 10-5 
9 x 102 
7 x 10 

UNCLASSIFIED 
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tior t he  study of incidence o f  w a t e r f o w l  i n  t h e  game bag of sportsmen, heads of‘ 
game supplied by the  hunters are being analyzed f o r  radioelement composition. 
Preliminary analyses of approxi ia te ly  200 samples indicate t h a t  about 1 2  per cent 
contain amcunts of racioelerients sli,:htl;-  dor re backi;rouncr l eve l s .  Piese 
sarnples ;Ire beir.; rie,isurecl f o r  s ~ e c - r ’ i c  i so tcpcs .  

Salrior, Survey 

Aerial survey of th sFlr.on nesti.15 i n  the  Columbia i n  the v i c i n i t y  o f  H T O  
Tiere contimued. Two areas were obs-rved where nests  hau occurred i n  shallow 
r a t e r  clur ing the  lnt ter  p a r t  o f  Sertember anc rrere subsequently aestxoyed by 
drop i n  water leve l  Froauced by water control actions Oi’ tie upstream urns. 

Effect of  Reactor Effluent on Aquatic Organisms 

Equipment necessary t o  t e s t  the comparative tox ic i ty  of e f f luent  passed through 
a bed of aluminum turnings is i n  place a t  the 1706-KE laboratory and the t e s t  
will be s t a r t ed  ea r ly  next month. 

C .  columnaris 

Fall col lec t ion  t r i p s  have shown extensive columnaris infect ion i n  the  
a r t i f i c i a l .  salmon spawning channel just below McNary Dam. Scrap f i s h  were 
found to be f i l ly  as heavily infected as were salmon col lected in the same 
area. Organisms were so p l e n t i f u l  in one collecting period that they were 
readi ly  obtained from smal l  a l i q u o t s  of the  water. 
have been obtained from gills, only a few from kidneys of f ish.  

Most o f  the organisms 

Cccasional organisms have been i so la ted  f rom f i s h  from areas of the Snake 
‘ ive r  ana other locat ions on the Columbia River. These s t r a i n s  which are 
being col lected a t  the present time w i l l  be evaluated fo r  their virulence 
xhen salmon f ingerl ings are avai lable  as test organisms. 

BIOLOCY AND MEDICINE - 6000 PROGRAM 
NETABOLISH, TOXICITY,  AID TRANSFER OF RADIOACTIVE M A E R I A L S  

The in t r ace l lu l a r  d i s t r ibu t ion  of Zn6s i n  the  l i v e r  at  1, 3, and 5 days 
post i n j ec t ion  was s tudied in norm 

injection. The supernatant f rac t ion  showed the highest  Z n  a c t i v i t y  
per ml protein;  the mitoch A t  
one-day pos t  inject ion,  Znzy concentration i n  the regenerating l i v e r  was 
more than  twice t h a t  of the cont ro l  

, starved, and p a r t i a l l y  hepatectomized 

%5 
rats. In  a l l  cases the highest  Zn 83 uptake was seen a t  on -day post 

rea te r  than the concentration of Zn 89 in the  l i v e r s  of s tarved animals. 

while prec ip i ta t ion  with acetone resu E ts i n  re ten t ion  o f  the 

dr ia l  f r ac t ion  was lowest on t h i s  basis. 

imals, which in t u rn  was somewhat 

3 e s e  differences were less marked a t  three and f i v e  days post 
Prec ip i ta t ion  o f  proteins  with 0.5 N 

prec ip i ta te .  
was shown t o  be non-dialysable. 

e rch lor ic  acid releases  
/ At least  a port ion of  the Zn65 in the supernatant f ract ions - 

WELASSIE’IED I 2 3 4 3 0 4  
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c- . 
In  compiling data on zinc-65, it was noted that some workers report  t h a t  the 
body burden of s tab le  zinc i n  man was 1 - 3 g with a d a i l y  intake of 10 - 1s 
mg/day. On the basis of these data, the values f o r  the MPC f o r  Zn6S in 
drinking water f o r  occupational exposure may be high by a t  l e a s t  a factor  of 5 .  
Calcium 

In an experiment to dis t inguish between act ive and passive uptake o f  calcium 
by bar ley seedlings, the t ranspi ra t ion  r a t e  was observed t o  be eight times 
higher in the  l i g h t  than in the dark. I n  addition, a four-fold reduction 
i n  t r a n s p i r a t i o n  r a t e  was observed i n  p lan ts  which had t h e i r  roo ts  in 10' 
M dinitrophenol. This e f f ec t  of DNP is contrary t o  r e s u l t s  obtained by 
other workers using legume seedlings. In  view o f  these resu l t s ,  the e f fec t  
o f  DNP on t ranspi ra t ion  of bean seedlings w i l l  be investigated. Calcium 
uptake by the bar ley seedlings i s  presently being determined anc w i l l  be 
re la ted  to t ranspirat ion.  Calcium i s  being determined both through EDTA 
t i t r a t i o n  and by t r a c e r  techniques. 

5 

Strontium 

In studies of  the absorption of Sr8S and Cab5 from the  perfused in t e s t ine  
of the i n t a c t  r a t ,  it was shown that  ne i ther  f l o w  r a t e  nor perfusate mlume 
had an appreciable e f f ec t  on resul ts .  

Sampling o f  t i s sues  of  f i s h  which had been force f e d  Sr9°-Y90 was completed. 
These were f i s h  which had been sacr i f iced  o r  had died &ring the  course 
o f  the experiment. 
more precisely the  body burden and the d i s t r ibu t ion  of  the nuclide. 
i s  an evaluation o f  the r e l i a b i l i t y  of using one o r  a few scales  from a f i s h  
a s  an index of t o t a l  body burden. 

Cooperative s tud ies  w i t h  the Biological Analyses Operation i n  obtaining 
d i f f e r e n t i a l  counts on leukocytes i n  f i s h  blood showed much promise. 

Studies were i n i t i a t e d  on the movement o f  CaLS across the g i l l s  of t r a t  
using t h e  perfusion technique. 
measurements with Sr85 t o  es tab l i sh  Sr-Ca relationships.  

The samples w i l l  be a s s v e d  f o r  Sr9O in order t o  define 
Included 

Results a r e  t o  be integrated with 
' 

The addition o f  2 t o  3 times normdl calcium t o  the  d i e t  o f  th ree  ewes had 
no appreciable e f f ec t  on the relative movement o f  Cab5 and SrY0 (added - in -- v i t r o  i n  serum) through a d i a lys i s  membrane under centrifugation. 

calcium is now being fed  a t  about four  t o  six times normal d ie ta ry  l eve l s  
i n  an attempt t o  ver i fy  the high d i f f u s i b i l i t y  of Sr9O re l a t ive  to calcium 
observed p.eviously i n  s e m  of lact t i n g  ewes fed l a r g e  amounts of  calcium 

determhe if -is bound more readily than strontium.) 

Stable 

gluconate. (In v i t r o  spiking of  Cab ? and Sr90 is a l s o  planned f o r  milk to 

Iodine 

. .  Equations were derived f o r  t h e  re ten t ion  o f  inhaled 1131 in the thyroid 
following exposure f o r  varying periods of time. 

derived by Healy on the basis o f  experiment 

The equations (a re  f o r  the 

work on sheep a t  the Experimental 
re tent ion f o r  p a i o d s  greater  than 1 hour and) are  based upon a formulation 

himdl h arm and are f o r  the retent ion of  I 1% in the thyroid following s ingle  i 
L. 
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o r a l  administration. 
Willard ana Bair observed that the t im f o r  maximum thyroidal uptake and the 
e f fec t ive  half  -1if e of 1131 a re  comparable f o r  acute exposure by inhalation 
and single  o r a l  administration. 
o f  an inhaled dose i n  the  thyroid observed i n  sheep, calculations suggested 
tha t  t he  IIPC f o r  I1?l could be relaxed by a f ac to r  o f  t e n  f o r  t i e  inhalation 
case. 
vegetation contamination that would exceed permis s ib l e  limit s o  

The use of these equations appears reasonable s ince 

Using the  maximum value o f  8 per  cent uptake 

However, re laxat ion of the  limits in a i r  could possibly r e s u l t  i n  

I k l t i p l e  adenomas occurred in the thyro id  gland of a 13-year-old or ig ina l  
control ewe. 
r e f l e c t s  t h e  natural  incidence of thyroid adenomas in  aged sheep maintained 
on a d i e t  low in s t ab le  iodine content. 
greater  than our experimental animals bearing tumors, it is not a s t r i c t  
control f o r  them but requires mentioning t o  i l l u s t r a t e  t h a t  sheep may exhib i t  
thyroid adenomas without t h e  administration o f  1131. 

This i s  t h e  f irst  such finding i n  a control animal and probably 

Since the  age is  subs tan t ia l ly  

Neptunium 

Np237 administered as the c i t r a t e ,  pH 4, by stomach tube to rats was absorbed 
t o  the extent of 0.35 per cent,  
than is observed with plutonium under comparable conditions. 
i n  equilibrium with the  neptunium w a s  absorbed t o  the  extent of approximately 
0.16 per cent. 

This i s  a subs tan t ia l ly  higher absorption . 
Protactinium-2?3 

Plutonium 

The amount of plutonium n i t r a t e  re ta ined following intradermal administration 
in young miniature s w i n e  appears . to  be a t  least p a r t i a l l y  dependent upon 
the dose injected.  
was 20 t o  30 per cent  in the  0.008 pc sites while i n  t h e  1 ard 5 p c  s i t e s ,  
50 t o  60 per cent  re ten t ion  was observed. 
due t o  grea te r  damage and the formation of a s izeable  scab i n  the high 
l e v e l  sites, Host o f  the re tained dose appealed t o  be contained i n  the  
scab at t h e  1 and 5 p c  s i t e s .  
of the new s c i n t i l l a t i o n  probe, a scab was removed from a 1 pc s i te  (52 
days post-injection).  
fi239 and radiochemical analysis reported it contained O.L6 pc  - a good 
agreement. 

About two months a f t e r  a a i n i s t r a t i o n  the  retained dose 

This difference is thought t o  be 

I n  order t o  ver i fy  the counting eff ic iency 

External monitoring indicated it contained 0.48 pc 

Radioactive Pa r t i c l e s  

Nine dogs were exposed to plutonium oxide aerosols to  study the  e f f ec t  of 
p a r t i c l e  size and tspe o f  aerosol on pulmonary re ten t ion  and excretion i n  
u r ine  and feces.  
radioactive aerosols and aerosols of po ten t ia l  therapy agents was completed. 
Other equipment f o r  pulmonary function tests w a s  assembled, 

Assembly of equipment f o r  exposure of animals t o  various 

8 
. .  , 
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Preliminary exposures o f  bean leaves t o  Faducah dus t  yielded material which -?as 
readily identified by  autoradiographic procedures. 
a j e t  o f  water l o s t  approximately half of the ini t ia l ly  deposited material. 
Nearly t o t a l  removal o f  the deposited dust was accomplished by colloaion stripping. 
There was no evidence o f  any translocation from an exposed primary leaf to the 
r e s t  o f  the plant over a three-day period (post exposure). 

Leaves which were washea with 

Microbiological Studies 

Previuus curves re lat ing radiation dose w i t h  increased permeability suggested that 
a relationship might exist between nuclear ploidy and permeability changes. 
evidence on t h i s  point was obtained using radiomimetric drugs. Neither colchicine 
nor nitrogen mustard had any effect  on leakage of ce l lu la r  materials, although 
both agents w i l l  cause genetic damage. 
d i r ec t  control o f  the nucleus. 

F'urther 

It seems probable that leakage is not under 

The inhrbition of potassium transport leakage in yeast ce l l s  was shown t o  d i f fe r  
from that on mammalian ce l l s .  
uptake by yeast c e l l s  a t  concentrations many tines higher than required t o  
completely inh ib i t  potassium uptake by m a m m a l i a n  red blood cel ls .  

The glycoside, anabain, had no e f fec t  on potassium 

Fish Ehbryos as Biological Dosimeters 

Jevelopent  of equipment required t o  define conditions necessary f o r  development 
of f i s h  eggs in a closed and recirculated water system was started.  

Chariot Studies 

Precounting processing f o r  gamma emitters i n  all vegetation samples f r m  Project 
Chariot s i t e  was completed. Processing o f  animal samples was init iated.  

Protective Agents 

A study i s  in progress to  determine the protective e f fec t  of cysteine against 
repeated i r radiat ion of the abdomen as compared with repeated i r radiat ion of  
t o t a l  body. 
250 r t o t a l  body, o r  500 r t o t a l  body, twice a week. 
receiving 250 r per day five days a week. 
cysteine 10 minutes before i r radiat ion are compared with untreated controls . 
In the groups receiving 1,000 r abdominal i r r a d i a t b n  semi-weekly, 7 of 1 2  unprotected 
rats were dead a f t e r  4,000 r and U. o f  1 2  were dead a f t e r  6,000 r. 
pretreated animals showed gross irradiation effects after 8,000 r. 

Rats in groups of 1 2  are receiving 1,000 r of X-ray to the abdomen, 
Another group of animals is 

Groups treated with 1,000 mgrn/kg o f  

None of the 

In collaboration with Dr. Kalkwarf, a preliminary study of  the pharmacology o f  dye, 
erioglaucine, in dogs was completed. 
pressure followed intravenous administration of 40 ml of  0.22 M dye. 
be tested i n  dogs f o r  protection against whole-body X-radiation. 

A transitory drop i n  mean ar ter ia l  and pulse 
The *e w i l l  

L' HA Kornberg: es , .  

BIOLOGY LBBORATORY 
UNCLBSSIFXED 
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C. 

D. 
a. 

b. 

Lectures 

a. Papers Presented a t  Meetings 

Foster, R. F., E. L. Junkins, and C. E. Linderoth, 'Waste Control a t  the 
, Hanford Plutonium Production Plant," October 5 ,  1960, Water Pollution 

" . Control Federation Meeting, Philadelphia, Pennklvania. 

b. Off-Site Seminars 

F. P. Hungate, "Effects of Radiation on Biological Systems,1' October a, 
, 1960, Skagit Valley Junior College Workshop, Mount Vernon, Washington. 

9. A. Kornberg, T h e  Influence of Atomic Energy on Agriculture," Industrial 
and Economic Development Conference, October 6 and 7 ,  1960, Pasco, Wash. 

A.C. Case, "Biology a t  Hanford," Kermewick High School Science Club, Sept. 21. 

Do E.'IJarner, "Radiobiology a t  Hanford,It Nor thwes t  Regional Conference o f  
YWCA Leaders, Richland, October 15, 1960. 

'c. Seminars (Biology) 

Dr. L. M. van h t t e n ,  Radiological Inst i tute  of the Netherlands, 
October 7 ,  1960 - "Bone Marrow Therapy". 

do Seminars (other than Biology) 

J. R. McKenney, "Gonad Dose" - October 20 - HM Parker's Research Staff Meeting. 

Publications 
OFen Literature 
J. J. Davis, !!The Effects of Environmental Factors Upon the Accumulation of 
Radio is0 topes by Ecological %sterns, 
Conference on the Utilization of Atmic dnergy, A & PI College of Texas, 
College Station, Texas, November 12-13, 1959 (published in 1960). 
XvVi Publications 
Kornberg, H. A.  anti Staff,  IIHanford Biology Research h u a l  Report for 1959," 
Document HW-65600 (Unclassified) dated January 15, 1960 (issued October 1960). 

Proceedings of the Second Annual Texas 



OPERATIONS EiESEARCH AX0 SYmTHESIS OPERATION 
m m Y  REPORT - OCTOBER, 1960 

ORGAKCZATION AND PERSOMNEL 

D. 2.  Gray, Jr., who has been on assignment with the Operation as a par t  of the 
Western Regional Rotational Trainee Program, accepted permanent assignment with 
the Operation as  of October 1, 1960. 

% 

OPERATIONS RESEARCH ACTIVITIES 

Input-Output Models 

A study was made t o  determine the effect  on an operational learning curve of 
adding incremental f a c i l i t i e s  a t  different times i n  +,he operating history. 
of the varSations i n  the ILAPO learning curve can be explained in  t h i s  way. 

Some 

OPERATIONS ANALYSIS STUDIES 

Quality Certif ication Promam 

I n i t i a l  analyses have been performed on data from some 2000 fue l  elements measured 
thus f a r  under this program. One 
report has been issued, co-authored with IPD personnel, dealing with the observed 
relationship between warp and hot spots, and pointing out that there are dis t inct  
variations i n  ”metal q u d i t y ”  from time t o  t i m e .  
s ignificant relationships w i l l  be found when dimensional ins tab i l i ty  is expressed 
a s  a function of reactor operating variables. 

0 

Some very significant resul ts  have been found. 

It i s  also evident t-ht 

Work i s  continuing i n  this area. 

Optimization of Reactor Operations 

Some pertinent resul ts  have been found i n  connection with the problem of improved 
scheduling of reactor operations. 
time since last  outage was derived. 
c lass i f ied by cause of outage (rupture, water leak, scheduled, e tc . ) .  

i s  1/(1 + 

functions of time since startup w i l l  be considered next. 

An expression relating length of 6utages t o  
Comparisons were made between outages as 

Also, it 
was proved, as previously conjebtured, that the expected time 

being a constant denoting the length of outage. 
0 ), 1 being the average nuDiber of outages per unit  

The case 

Process Tube Leaks 

The rough draft giving the proposed mathematical model relating probolog ac t iv i t ies  
t o  external corrosion leak rates was circulated for  comment. 

Internal corrosion data from B reactor were submitted t o  Data Processing personnel, 
together with the general model proposed t o  f i t  these data. 
di f fe rs  from the one in current use, which i s  unsatisfactory, in that corrosion 
rate is assumed t o  be a function of the amount of corrosion already exhibited. 

This praposed model 
L .  

I 



_DBps I Fl ED E-2 HW-67254 

Z Plant Information Studx 

Logic for the GE-312 computer application has been completed. 
structure s tar ted October 24. 
i s  causing some diff icul ty .  
drum memory unit  and the impact this electroni'c system has on the coding 
structure for  the machine. 

Coding of this 
Lack of experience with G E  computer equipment 

This i s  due t o  the subtleties associated w i t h  a 

A review of the s ta tus  of this project indicates that the best es t imatefor  
programming completion i s  60 days, which means the original schedule for  
implementation i s  being moved forvard in t i m e  by 30 days. 
scheduled t o  be ahipped November 18 i n  order t o  meet the bid specification for 
a December 5 HAP0 receipt. Unless a discrepancy between the clearance date for  
instal la t ion personnel and the computer deliver date i B  resolved, the equipment 
w i l l  have t o  be held i n  abeyance un t i l  ins ta l la t ion  personnel can be admitted t o  
the assigned 2 Plant space. 

The computer is  

Radiation Protection Studies 

Currently, doses indicated by fi lm badge readings are determined by comparing the 
f i l m  badge density with a specific density-dose relationship established for  the 
particular batch of film run a t  the same time. This meas that dose indicated by 
a par t icular  badge cannot be determined ut11 the stsndard fi lm is  processed and 
the best relationship established. 
curve which w i l l  give the dose for  a given density within certain limits for a l l  
batches and al low more rapid interpretation of results. 
other than the currently used aublc curve has been found which simplifies the 
calculations and better explains the relationship. 

An attempt is  being made t o  establish a standard 

To do this, a relationship 

Rel iabi l i ty  Studies 

Wcrk continued on the problem of designing a tes t ing program t o  determine 
r e i f ab i l i t y  parameters of pannelli t  gage switches. 

Inventory Studies 

The physical inventory of General Supplies, valued a t  over one million doUars, 
was completed on October 3 l  by the sampling procedure. 

Work was begun on the construction of a mathematical model of a spare p a r t s  
inventory. 

STATISTICAL AND MATBEMATICAL ACTIVITIES FOR OTHER HAP0 COMpOFJElqTS 

Fuels Preparation Department 

Assistance was given in the evaluation of an F P D  proposal t o  increase core length 
without increasing over-all fue l  element length based on data which indicates that 
the present methods of machining the fue l  elements leave cap and base end thicknesses ' 

well wi th in  tolerances. 

Data were analyzed from a designed experiment, employing the cuboctahedron design 
for three factors a t  three levels, intending t o  locate optimum cycle times for  the 
canning of four-inch I and E fue l  elements. 
t h i s  analysis, a second experiment waa designed t o  further investigate t h i s  region. 

Within the optimum region given by 

--q# 
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Assistance i s  being given i n  the development of wettabil i ty specifications 
for  aluminum components. 
specifications designed t o  insure wettabil i ty.  

An analysis was made of stud-pull data t o  compare bond strengths of fuel elements 
canned with and without paddles attached t o  the canning basket. Theoretically, 
the paddles should reduce the within-furnace variations i n  s i l icon content and 
hence result i n  tougher bonds. 

These are proposed to  replace currently used process 

A series of power curves were prepared useful i n  designing production tests 
involving two, three, and four treatments. 
were warp, TFC, and weight loss. 

Yield variables under consideration 

A comparison was made of the acceptance sampling plans for two-sided specifications 
(unknown sigma) presented i n  Bowker and Goode and those given i n  Military 
Standards 414. 
that the Military Standards 41b plans permit greater f l ex ib i l i t y  i n  the choice 
of AQL's for each of the upper and lower specifications and for the to ta l .  

They differ primarily i n  the  statist ics used, and i n  the f ac t  

Irradiation Processing Department 

Assistance i s  being provided i n  the design of tests to  Insure that the reactor 
f ront  face nozzles, which are being reamd t o  permit charging of bumper fuel  
elements, are not being weakened excessively a8 a consequence. 

Several noungraphs and a worksheet were provided Reactor Operating personnel f o r  
use i n  simplifying calculations necessary to  determine t r i p  after ins tab i l i ty  
settings for pane l l i t  gages. 

A continuous sampling plan, proposed by IPD personnel t o  use i n  the inspection of 
pane l l i t  gages, was reviewed as requested. The plan provides stringent operating 
characterist ics a t  the cost  of more involved administrative procedures. 

Mathemtical formulas were developed which express the maximum allowable fue l  
element warpage as a function of tube and fuel  e l emnt  dimensions and the positioning 
and dimensions of the fue l  element self-support mechanism. 

Consultation services continued on mathematical methods used i n  analyzing 
various aspects of the e lec t r ica l  c i rcu i t ry  of proposed coolant pressure monitor 
systems. 

Shemica3 Processing Department 

Several. more meetings were held with 234-5 Development personnel designed t o  
acquaint them with s t a t i s t i c a l  aspects of experimental design. 

A mathematical method of completing a contour description from a f in i te  number 
of specified points i n  such a =mer, so as t o  sa t i s fy  certain "smoothness" 
c r i t e r i a  i s  being developed. The method, based on the theory of the e l a s t i c  
behavior of an idealized spline, presents some computational d i f f icu l t ies  i n  i 

oys the generous use of e l l i p t i c  integrals. - 
1 2 3 4 3 1  I 
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Reactor Studies 

Coqeration continued with Systems Research on the study of the properties of the 
solutions of the reactor kinetic equations with sinusoidally varying reactivity.  
It i s  now known that the solutions of these equations are always unstable for all 
values of amplitude and frequency of osci l la t ion and for  all values of reactor 
parameters. 
ins tab i l i ty  t o  the parameters involved. 

. .  

Work continues on obtaining simpler methods of relating the degree of 

A s t a t i s t i c a l  analysis was completed of the effects of temperature, water flow rate, 
exposure, a& surface t o  volume ra t io  on the reactivity of graphite. 

Carrcaion Studies 

Work continued on the analysis of AI.-Ni-Fe alloy corrosion data from an experiment 
performed by Corrosion and Coatings Operation. 

. M O O  Program 

Swelling Studies 

Consideration vas given t o  means of presenting pore distribution data and derived 
void fraction and density values so that pore growth and movement might be identifiea 
f o r  changing i r radiat ion temperatures and times. 

:imnieal Effluent Technolow 

??Arther analysis has been devoted t o  the d i f f i c u l t  problem of estimating the steady- 
s+&.+,e gravity-flow of a contaminant from a source located above an inclined water 
table 

6000 Program 

A meeting was held t o  discuss the findings of 
mLgration mdel t o  data from a r a t  experiment 
w-185 

an  application of the multicompartment 
involving a single administration of 

A t  the request of the Biology Operation work was begun on the construction of a simple 
l i n e a r  kinetic model t o  describe the behavior of radioiodine within a biological 
system. 
b i l i t y  of an analogue computer solution is being explored. 

The d i f fe ren t ia l  equations of the system have been written and the feasi-  

Work was begun on a s t a t i s t i c a l  evaluation of the e f fec ts  of varying amounts of 
radiation on the sex r a t i o  and other population parameters of Ephestia h e h i e l l a  
ZeUer (Mediterranean flour moth). 

/ 
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General 

A preliminary analysis of the f i r s t  four weeks data from the wozu sampling study 
being conducted by the Analytical Laboratories Operation was performed and reported. 

Analysis continued of data from high energy anti-coincident gas sample counting 
Instruments t o  devise a good method of estimating background counting data. 
A method of estimating the effect of the gas pressure within the ssmple tubes 
on the background count i s  now under consideration. 

M I S C ~ O U S  

Activit ies continued i n  connection with the Plant Improvement Program task  force. 
A draf t  of proposed revisions was to  be presented t o  W. E. Johnson. 

Carl A. Bennett, Manager 
Operations Research and Synthesis 

CAB:IIIw 

. .  
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F'ROQZAMMSNG OPERATION 
OCTOBER 1960 

. .  

A. FISSIONABLE m I A L S  - 2000 PROGRAM 
In order to  provide a basis f o r  more accurate control of decontamination i n  
the separations processes, factors which influence t o t a l  gamma ac t iv i ty  of 
the feed w e r e  reviewed. Activity i s  essentially dependent on power level, 
exposure, production efficiency and cooling time. 
these factors, more complete information on Ip'oduction efficiency could pro- 
vide a basis for  improved decontamination c m t r o l  since variations by a s  
much as 40 per cent i n  garma ac t iv i ty  could be sham for  practical  ranges 
of production efficiency. 
A report Gn th i s  study was i n  draf t  form. 

It was concluded that of 

The other factors are  already adequately recorded. 

Consideration of the chemical and technical feas ib i l i ty  of coupling conven- 
t ional  aqueous and solvent extraction, w i t h  fused salt fluoride vo la t i l i t y  
steps for  separations processing particularly i n  new plants was continued. 
The c r i t i c a l  feature of converting partially decontaminated concentrated 
aqueous uranium t o  an oxide slurry i n  fused salt may be resolved by reason- 
ably conventional engineering techniques. The technology of subsequent 
reduction t o  produce uranium tetrafluoride dissolved in fused salts and 
finally removal of the uranium ae purified UF6 would depend on the resul ts  
of current research and development on fused salt fluoride vo la t i l i t y  processes 
a s  being studied elsewhere on a p i lo t  plant scale. 
latter steps appear good in  view of the continued interest  i n  the fused salt 
reactor a s  being developed a t  ORNL. 

The prospects far fheae 

B. REACTOR DEVELOPMNT - 4000 PR- 
1. PLUTONIUM RECYCLE PROGRAM 

Cycle Analysis 

Computer Code Development. Work continued on the f ina l  debugging and 
updating of the Puck code which analyzes plutonium recycle i n  a broad 
spectrum of reactors. The updating of the reactor physics portion (GPR) 
and checking out with the Meleager code was continued. 
date are that the impact of equilibrium Pu-242 is greater than indicated 
i n  the old GPR but it takes 30 t o  100 years t o  achieve equilibrium. For 
th i s  reason, consideration is  also being given t o  evaluating the plutonium 
batches occurring after 10 and 20 years of recycle operation rather than 
the rigorous equilibrium composition only. 

Indications t o  

In the studies of the alternative cladding materials a series of f'unc- 
t ions were generated w h i c h  depicted the minimized t o t a l  fuel costs as  

1 2 3 4 3 1 "  UncUlssIFlED 



a func$ion of the reactor parameters, fo, (the thermal u t i l i za t ion  factor 
of the reactor charged with na tura l  uranium ~peasured a t  operating tempera- 
ture a t  i n i t i a l  charging), and po (the resonance escape probability meas- 
ured under similar conditions). 
fabricating costs. 
reactor characterizations and economic climates within which comparisons 
a re  l lkely t o  be desired. 
if there were means of quickly estinrsting the fo and po factors for a 
given reactor type and cladding material. One can know re lat ive fa's 
w i t h  greater accuracy than absolute values. To be specific, if two mate- 
r i a l s  were first compared in a given reactor configuration, then compared 
i n  another reactor configuration, it would l ikely be found that the absolute 
values of fo t o  be affected more (by changing reactor configuration) than 
would the incremental difference i n  fo for the two materials. It is the 
incremental fo which determines the relat ive value of alternate cladding 
materials when using the minimized t o t a l  fuel cost functions. 

This was done for various fuel elemnt 
Several sets  of these are required t o  cover the 

The use of these functions would be -tat@, 

Studies a re  proceeding using ths best available dif-fuaion codes t o  validate 
t h i s  hypothesis and t o  derive the generalizpl functions which could become 
so useful i n  making economic comparisons of various cladding materials and 
geometries. 
because w h i l e  pots may change, because of differept fue l  geometries the 
effect  on t o t a l  minimized fuel costs is dimlnishshed by operating each fuel 
element a t  i t s  respective minimized fuel cost enrichment, Within reason- 
able limits, this also allows selection of fuel density and reactor l a t t i ce  
spacings a t  the discretion of the reactor designer. 
lower over-all parer costs by allowing the designer t o  "trade off" reactor 
and fuel costs. It appears that additional Latitude t o  the designer would 
result from knowing the ecmomic "trade off" of the various plutonium 
enrichment methods and compositions because of the resoriance absorption 
characterist ics.  

This has potential  interest  t o  reactor and fuel designers 

This should lead t o  

It i s  intended t o  extend this study t o  include such information as 
rapidly 8s firm plutonium information becomes available. 

Fuel Cycle Analysis. A brief investigation w a s  macle of the fissile con- 
-which remain a f t e r  a single once-through fue l  cycle. 
Numbers were selected from calculations made with the Meleager code w i t h  
physics parameters approximating those of the Dresden reactor. As 
expected, plutonium (uniformly mixed w i t h  depleted uranium) fueled 
reactors generauy gave a discharged fuel containing less f i s s i l e  mate- 
rial than those fueled w i t h  U-235. However, lhe difference in the dis- 
charged f i s s i l e  atoms between a U-235 arid a Pu-239 Fueled reactor arnounted 
t o  only about 10 per cent versus the 20 t o  30 per cent difference which 
would be predicted from simple absorption t o  f iss ion ra t ios  for  the two 
isotapes. However, cases may be found, specificaUy f o r  fuels i n i t i a l l y  
containfig a larger f ract ion of Fu-241, w h e r e  plutonium fueled reactors 
actually have greater terminal concentrations of f i s s i l e  atoms in  the 
discharged fue l  than those initially enriched w i t h  U-235. 
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2. 

Other Activities. The estimate made l a s t  month of plutonium production 
from power reactors was revised t o  re f lec t  more accurately the elapsed 
time between reactor s t s r tup  and avai labi l i ty  of plutonium on a routine 
basis. 
it was assumed the elapsed time between start-up and avai labi l i ty  of 
plutonium was one year. 
f o r  the U.S. reactors elapsed time would be between two and three years, 
and for  the Br i t i sh  type gas-cooled reactors, about four years. 
plutonium production by 19'75 was estimated t o  be 2,600 kilograms from 
domestic -power reactors, 3,700 kilograms from British reactors, and 5,900 
kilograms from parer reactars i n  operation i n  the r e s t  of the free world. 

The estimate was also extended from 1970 t o  1975. Previously 

More detailed study showed that, i n  general, 

Annual 

Activit ies i n  support of PRTR atartup included review of process speci- 
f ications,  operating proceduresp a d  power tes t s .  Startup Council has 
now approved 43 of the 45 prrccess specifications and 72 of the 92 operating 
procedures e 

Liaison on procurement of high exposure plutonium continues t o  require 
attention. 
requirements of others whose needs are possibly even more urgent encourages 
a greater t h n  norms1 degree of attention t o  assure the adequacy of the 
volume of product recovered for  PR'PR. Although unexpected removals from 
the accumulation intended f o r  PRTR have occurred, study has continued t o  
show that by careful. scheduling and recovery of fabrication scrap a t  W o r d  
such removals appear t o  be tolerable but near the limit. 
procurement of some of the Csnsdian material, though relat ively minor, 
is s t i l l  a significant factor i n  this situation. 

The integration of this production campaign w i t h  sFmilar 

The requested 

SPECIFIC FUEL CycLe ANALYSIS 

Comuter Code Develownent 

The f irst  draf t  of the APUR study results was prepared and orally pre- 
sented t o  AEC Division of Reactor Development personnel on October 19, 
1960. 
section of the Quick and Fuve codes used for this study so that much of 
the final report data can be prepared direct ly  by the IBM machine. 

Slight improvements are  being made in the report preparation 

In future analyses, similar t o  the  APWR study, it w i l l  be necessary t o  
do studies of continuous ("graded") fuel discharges as  w e l l  as  studies 
of batch irradiations for which the Quick code is now written. 
ingly, Quick w i l l  be supplemented with 8 cost for the unusual startup 
and shutdown charges associated w i t h  continuoua charge discharge. 
unusual startup and sbtdcrwn charges are usually more than compensated 
for by the reductioa i n  enrichment level of the  reactor from those nec- 
essary for batch irradiations.  
the graded rather than batch cycle particularly those reactors that 
incur high costs t o  shutdown and shuffle the fuel many times d e  a 

Accord- 

These 

. Not a l l  reactors benefit by operating on * .  

L' fue l  lifetime. 
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C2ange3 a r s  alsc Seing mde t o  tbe P n e  code whieh solves for  the value 
sf stzccessLve ;Px ,o~ iu i  batches from output of the Quick code. 
appears that  8 s t a t i s t i c a l  methrd can be used t o  reduce the number of 
suxessive recycle batzkes t c  ascertain the value cf the f i rs t  batch 
w i t z n  desired accuracy. 
r s r ia t ion  af the necessary physics calculations which require far more 
time thaa the  re la t ively simple additional economics i terat ions.  

It now 

The major savings affected by th i s  i s  the 

Final pogrmmLrg a? the FEF3 (Fuel Element Fabrication and Jacketing) 
aub-acde continued. 
fixed, semi-variable and variable ZaSrication and jacketing costs and 
of ex+,ra COSTS of preparing recycle f o r  re-enterfag tk normal FEFJ 
prwess 

Its logic wad revised t o  allow consideration of 

The logic f a r  computing excess start-Qp and close-dcrdc costs inherent 
t o  graded discharge was refined. This was done to: (1) account for  
the extra costs of the various startup and closedown discharge batches 
a t  their respective e lec t r ica l  power revenue mid-points rather than a t  
the time of star tup or  closedown and (2) set income mid-points of each 
batch a t  the  wei&ted average of the discharge period exposures rather 
than a t  i ts  l inear exposure mid-point. 
computation is  expected t o  have i t s  greatest effect  i n  the computation 
of equilibrium costs. 

A rigorous debug of the Nuclear Process Cost Code (NPC) i s  currently 
being prepared. 
practices than i ts  simplified counterpart "Quick". 

This IWIE accurate mid-point 

The NPC code i s  far more rigorous as  regards accounting 

A laboratory course in  Nuclear Engineering involving the use of an operable 
reactor i s  planned during 1961 a t  the  Center for Graduate Study. 
analysqs cf thz course requirements indicates the su i tab i l i ty  of ELO's Thermal 
Test Reactor. Administrative arrangements and integration of a similar course 
t3 be ccnductad a t  the University of Washington are under study i n  cooperation 
with miver s i ty  representativeso 

Preliminary 

OPG 5.4 re la t ing t o  the Plant Improvement Programs was revised in  order t o  
offer  a more effective means of presenting HAPO's capi ta l  f a c i l i t y  needs. 
The deadline date for  submitting plant improvemerrt programs was changed 
from December 1, 1960 t o  January 15, 1961. 

A proposal for  a composite news story encompassing a l l  of our many foreign 
vis i tors ,  who came during October, was generated and accepted by the Relations 
Operation. 
f ines t  "spreads" In the Works News. 

This mutual effor t  resul ts  i n  the achievement of one of our 
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Assistance was provided In making arrangements for 31 visits involving 200 
persons including 18 persons from foreign countries. 
the visit of Dr. V. K. Moorthy of the Indian Atomic Energy Establishment; 
W. I. IshFkawa, Commissioner of the Japanese AEC; and the U.S./U.K. Conference 
on Uranium Dioxide. 

c 2 ~  special interest was 

&.4f& Acting Mans r, Programming 

i 
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_ .  

A. 

RADfATION PROTECTION OPER4TIOY 
REPOF2 FOR MONTH OF OCT03ER 1960 

ORGLUIZATION AND PERSONNEL 

R. W. Meisi,ager, Specialist - Radiological 3efense transferred t o  the R o -  
fessional Placement and Relations Prac3ices Operation effective October 1. 
R. F. Ballard was deactivated for personal i l lness  effective October 24. 
Li l l ian E. Benson ret i red on October 31, 1960. The force of the Radiation 
PrDtec5ion Operation to ta l s  135. 

B. ACTNITlES 

For the two-week period beginning September 26, R.  L. ;&ins served as a 
consultant fo r  the International Atomic Energy Ageccy ( W) in  Vienna, 
hs t r ia .  While on this assignment, he assisted in preparia& papers f o r  the 
Panel on "Radioactive Waste Disposal into Fresh Waters". Jine Xt'Lcms have 
been invited t o  send representatives t o  the LAEA Pmei wnich meets i n  l a t e  
November i n  Vienna. R. L. Junkins w i l l  return t o  Vie- as the LJ. S. repre- 
sentative t o  the Panel. 

There was one new case of plutonium deposition confirmed i n  October. 
t o t a l  number of deposition cases that have occurred at HAP0 is 260 of which 
190 are  currently employed. 

The 

T r i t i u m  biorssay analyses were performed fo r  PRTR operatixg and mah5enance 
personnel prior t o  startup of the f ac i l i t y .  
samples were a l so  analyzed for tritium concentrations 88 8 further service 
t o  PRY33 Operation. 
t o  27 w / m l  were found. 
by several orders of magnitude. 

The t h l r d  Quarterly report, Evaluation of Radiological Conditions i n  the 
Vicinity of Hanford, is  now ready for issue. 
t o  be repofied is the apparent increase in  P s  concentratians found i n  farm 
products fram the Riverview and Ringold i r r igat ion d i s t r i c t s .  
t ions are probably due t o  the lower r iver  flow and, hence, *hcreased water 
concentrations experienced in 1960. 

On October 4, a planned fire was started in  the 100-H Area burial  ground t o  
reduce the paper volume in the burial trench. The f i re  west out of control 
and it was necessary t o  call the Fire Department t o  pt aut the f i r e .  
firenan was owrcme by heat and exhaustion while fighting the f i r e  and was 
treated a t  F i r s t  Aid. 
from on explosion and was hospitalized a t  Kadlec Hospital. 
spread t o  the firemen or environs occurred. 

Plutonium oxide stored in  a covered metal can ineide a glovebox in  231 
Building apparently ignited, resulting in  an explosion that temporariljr 
pressurized the glovebox and forced plutonium oxide out in to  the room. 

Sixty-seven moderator water 

Tri t ium concentrations i n  the heavy water from background 
The tritium content of the inaividual dxuxns varies 

The mosC, notable observation 

These observa- 

One 

Another flreman received second and third degree burns 
Bo contamination 

UNCLASSIFIED 
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Contamination on horizontal surfaces in  the room ranged from 1000 d/m near 
the door t o  40,000 d/m near the plast ic  bag which ruptured. 
exposure t o  personnel as a resul t  of th i s  incident which occurred during the 
off-shift hours. The roan has been successfilly decontaminated. 

There was no 

Five ae r i a l  survey f l igh ts  were made during the month. A t  least  two back- 
ground measurements are now available for  each routine f l igh t  path. 
routine aerial monitoring plans and procedures were 80 per cent completed. 

The 

Studies of the fue l  element rupture loop of the PRTR f a c i l i t y  resulted in  a 
recommendation for  a noble gas collection system. 
from the calculated production rates of Kr89 and Xe137. 

The recommendation resul ts  

A thorough study of air  sampling procedures has been ini t ia ted.  
calla fo r  a thorough study of the a i r  srmpling techniques, equipment, and 
evaluation procedures. Information i s  now being collected concerning the 
equipment necessary t o  complete these studies and t o  cmpile  a list of work 
locations t o  be considered in the primary study. 

The program 

A meeting t o  discuss the first year's use of the Eurs t  c r i t i cu l i t y  dosimeter 
system was held in SInta Barbara, California, by Edgerton, Germeshausen & 
Crier. A t o t a l  of 800 
of these systems w i l l  be in use throughout the United States. During the 
first year, it WIB not necessary t o  evaluate a single system due t o  a 
c r i t i c a l i t y  incident. 
the use of these systems t o  date. 
spread result ing from a syatem involved in a f i re  was thoroughly discussed. 
Steps t o  provide a sealed system for  the threshold f o i l s ,  that would maintain 
its integri ty  throughout a typical  f i r e ,  w i l l  probably resul t  i n  a reworking 
of the 90 systems now a t  HAPO. 
materials was emphasized a t  the meeting by the HAFO participant. 

C. M. Unruh attended as the €fanford repreoentative. 

No damage o r  contamination spread has resulted f r m  
A potential fo r  serious contamination 

Efforts t o  develop a system using nonradioactive 

Studies of the nuclear track films denoted lWA and NTB have been cmpleted. 
Although the Type A is  less sensitive t o  neutrona than Type B, it is also 
sufficiently less sensitive t o  gamma doses t o  make it the preferred choice. 
Evaluation of the type lVTB f i l m  with appreciable gsumnr dose is very d i f f i cu l t  
and many errors in track counting are Introduced due t o  the gamma dose fogging 
of the fi lm. 

The Annual Information Meeting of the Health Physics Division, O m ,  was held 
on October 27 and 28, 1960, and was attended by A. R. Keene. 

C. EMPILWEE mIAII1oxvs 

One suggestion wao aubmitted by personnel of the Radiation Protection opera- 
t ion during the month bringing the year-to-date t o t a l  t o  32. 
were evaluated and rejected. 
between two Rpo employees. 
submitted by RPO personnel are pending evaluation. 

Five suggestions 
O n e  suggestion waa adopted with the award s p l i t  

Total mount of award was $20. Five suggestions 
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There was one medical treatment injury during the month fo r  8 frequency of 
0.45. no security violations occurred during October. 

Radiation protection t ra ining included: 
four Biology Research personnel; personnel assigned t o  the PRY34 a t t e d e d  
the lecture series and training program on Critical Tests; attendance of 
RMO exempt and nonexempt personnel a t  1.3 meetings on various PRTR operations. 

One 90-minute orientation t a l k  t o  

D. SIGIIIFICAHT REPOwlS 

HW-67060 "Analysis of Radiological Data for  the Month of September, 1960" 
by R. L. Junkins. 

m-67248 "Monthly Report - October 1960, Radiation Monitoring .Operation" 
by A.  J. Stevens. 

EW-66891 '?he Autcrmstic Columbia River Monitoring Station" by T. C. Mehas. 

HW-66728 "A performance Study of Miniature Glass-Dosimeters" by P. E. Bramson. 
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-September 1960 - Mid-October 1960) 

Act ivl t y Monthly 
Sample Type and Location Type Average 

Drinking Water 

100-F Area 
Separations Areas 
Pasco 
Kennewick 
Richland 

Columbia River Water 

Above 100-B Area 
100-F Area 
Hanf'ord 
Pasco 
McIQary Dam 
Vancouver, Washington 

units 

Isotopic < 0.5- $ MPC,-CI* 
Gross Beta 1.2 10-7 W/CC 
I sotopi c 7 - 5  $ MPc,-GI** 

< 3.0 x lom8 
Is 0 topic < 0 . 7 .  Q MFCw-GIH 

cIc/ cc Gross Beta 

Gross Beta 8.0 1 0 - 9 ~  p ~ / ~ ~  
Isotopic 1.8 46 Mpcw-GI* 
Isotopic 3 -9 Q MPC,-GI* 

$ MPCW-GIM 
WCICC 

Isotopic - 20 
Gross Beta 1.2 x 10- 
I sotopi c < 0.4 46 MPCw-GIH 

6 

Atmosphere 

1 ~ 3 ~  separations Areas 1131 
1 ~ 3 ~  Separations stacks 1131 
Active Particles - Project -- 
Active Particles - Environs -- 

2.3 x 10-l3 CICICC 
0.2 Combined curies/ 
1.4 ptle/100 m3 
0.1 ptle/100 m3 

Vegetation (Control limit f o r  vegetation is 10-5 pc 1 ~ 3 ~ / ~ )  

cIc/@; 
pclg 

< 1.5 x clc/g 

1131 2.5 x 6 Separations Areas 
Residential 1131 < 1.5 x 10- 
Eastern Washington and 

Fission Products less Gamma 
Oregon 1131 

I1u - Wash. and Ore. Emitters c 1.0 x 10-5 cIc/g 

* The $ --GI is the percent of the maximum permissible limit f o r  occupational 
exposure to the gastrointestinal tract calculated from drinking water limits 
contained I n  NBS Handbook 6ge 

* The $ MPCv-GI is the percent of the maximum permissible concentrations for  
- persons in the,neighborhood of controlled w e a s  f o r  continuous exposure to 
the gastrointestinal tract calculated from drinking water l i m i t s  contained 
in NBS Handbook 69. - This location is now sampled quarterly. The most recent result is tabled. 

UmCIASSIFIED 
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EXPOSURE EVAIXJATION AND RECORDS 

Exposure Incidents above Permissible L i m i t s  
Whole Body Localized 

October 1 3 
1960 t o  Date 

/, 

0 0 

b 8 t  
Gamma Pencils 

Pencils Paired Readings Paired %dings  
100-280 m r  Over 280 m r  ReadinRs 

Processed 0 

12 
7 October 9,790 237 44 1960 t o  Date 145,884 2,326 

Beta-Gammer Film Badges Badges Readings Readings Readings Lost Average Dose 

Processed 100-300 mrads 300-500 mrads Over 500 mrads Readiws 

35 61 October 10,422 979 128 
1960 t o  
Date ~2,172 9,202 1,654 414 577 11.54 17.64 

Neutron Film Badges Film Readings Reading6 Readings Lost 

Processed 50-100 mrem 100-300 m r e m  Over 300 mrem Readings 

0 I 2  
56 

0 0 
3 

Slow Neutron 
October 2,521 0 0 1960 t o  Date 13,746 

‘ Fast Ieutron 
October 
1960 t o  Date 

Whole Body Counter 

GE Employees 
Routine 
Special 
Terminal 

Nonemployee 8 

Pre -employment 
Total 

0 0 
0 21 

36 
68 

MsMa Female October 1960 t o  Date 

4 99 
16 

0 0 0 

95 
16 0 

746 
53 
1 

14 0 14 55 
10 - 
865 

Bioassay 

Confirmed Plutonium Deposition Cases 1 

. -  Results above 2.2 x loo8 &emph 29 

11 

6,480 
399 

Plutonium: Samples Assayed 5Q 

Fission hoducta: Samp1es)Assayed 597 6,396 34 

Results above 3.1 x 10-5 pc FP/smple * .  

Uranium: Samples Assayed 2 58 2,686 

J 

*Bringing the t o t a l  number of plutonium deposition cases which have occurred at 
Hanford t o  260. 
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Uranium Analyses 
Following Period f No Exposure 

Units of 10-J pc u/cc 
Number 

Maximum Average Samples 

Units of 10-Y pc U/CC 
Number 

Sample De scr l p t  ion Maxirmrm Average Samples 

8.1 2.6 
0 0 

14 3.4 
0 0 
13 4.0 

I 2  
0 

34 
0 
0 0 

Fuels Preparation 
Fuels Preparation* 
Hanford Laboratories 
Hanford ~ b o r a t o r i e s *  
Chemica 1 Process ing 
Chemical Processing" 
Special Incidents 
Random 

17 4 -2 
0 0 

28 4.9 
0 0 

54 7.3 
22 9.2 

0 0 
0.8 O 0 5  

56 
0 

30 
0 

35 
6 
0 
2 

50 
0 

29 
0 

46 
4 
0 
0 

job during work week. *Samples taken prior t o  and after a specific 

October 1960 t o  Date 
0 179 

Thyroid Checks 
Checks Taken 

0 5 Checks above Detection Limit 

H a n d  Checks 
Checks Taken-Alpha 

-Beta-gamnta 
34,132 319,361 
43,770 446,523 

Skin ContsMlImtiOn 
Plut onium 
Fission Products 
Uranium 

-31 
34 
0 

231 
386 
39 

CALIBRATIONS 
Number of Units Calibrated 

1960 t o  Date October 
Portable Instruments 
CP Meter 
J U n O  
GM 
Other 

Total  

9,120 
2,864 
7,771 
1,775 
21,530 

12,550 
1,9= 

&% 
5,750 

866 
222 

Personnel Meters 
Badge Film 
Pencils 
Other 

Total 

648 - 

-% 
527 Miscellaneous Special Services 

3,472 - Total number of Calibrations 

Manager 
Radiation Protection i 

UnCLASSIE'lED AR Keene:CW:kc 
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LABORATORY AUXSLIEiRlEs OPEWXON 
MONTHLY REPOICT - OCTOBER,1960 

GENERAL 

There was one security violation charged to the Operation. 

There were no major injuries;  the minor injury frequency rate was 1.98, 
which is  considerably below average experience. 

. +  

TECHNICAL SHOPS OPERATION 

Total productive time fo r  the mnth was 19,222 hours. This includes 
14,752 hours performed In the Technical Shops, 3,188 hours assigned 
to Minor Construction, 301 hours assigned to other proJect shops and 
981 hours assigned ta offLsite vendors. 
hours, of which 60% i s  required in the current mnth,  wi th  the remainder 
distributed over a three-mnth period. 

Total shop backlog i s  17,988 

Distribution of time was as follows: 
Man-hours 3 of  T o t d  

Fuels Preparation Department 3,495 18.2 
Irradiation Processing Department 540 2.8 
Chemicd. Processing Department 667 3- 5 
Hanford Laboratories Operation 13,553 70.5 
Construction Engineering & Utili t ies 940 4.9 
Miscellaneous 27 .1 

Rewests for  emergency service were s l ight ly  higher than the previous month, 
requiring an overtime rate of 5.9$ (1365 hours). 

One Sheetmetal Journeyman was exchanged for a;ttiflr Sheetmetal Journeyman 
from FPD. There are no current open requisitions. 

Security performance was considered satisf x t o r y  with no violations. 
were s i x  medical. treatment injuries,  which is  on the low side of the level  
forecast for  t h i s  period. 

There 

RADIOGWHXC 'ESTING OPERATION 

A t o t a l  of 4,655 t e s t s  were made, of which 663 were radiographic (including 
x-ray and gamma-ray) and 3,992 were supplement.cy tests. Out of a total of 
2,866 man-hours, 498 (1796) w e r e  used in connection with ragiographic tes t s ,  
a d  2,368 (82$) were  used on supglementary t e s t s .  
work included: autoclaving; eddy current; penetrant (fluorescent O.D. and X.D.) :  

vapor degreasing) ; and ultrasonic (flaw detection a d  thickness measurements). 

_ .  
The supplementary t e s t  

a .  stress analysis; surface treatment (pickling, steam detergent cleaning, a d  

r- 
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The number of pieces handled t h i s  mnth  totaled 2,953 items. 
of material represented by these items nmounted to 28,553 feet .  
tubular components continued to account f o r  a large percentage of the 
footage of material tested; the work includes both fuel  element sheath 
tubes and reactor process tubes. 

Work was done for  22 organizational components representing mrat o f  the 
operating departments and servlce organizations. A t o t a l  of 59 reports 
were issued detail ing t e s t  findings with conclusions and recommended 
action. 
occasions fbr advise and information on general tes t ing theory and 
applications fo r  other than the jobs tabulated i n  Part  - I1 Testing 
S ta t i s t i c s .  

The feet  
Work on 

Radiographic Testing Operation was consulted on 40 different 

Two full length RPR process tubes were pickled and one was autoclaved 3s 
J prelFminary evaluation o f  the pickling and autoclave process. 
fortunately, e r r a t i c  autoclave operation did not pelzlait final conclusions 
as to the succesb of the procedure. 
tube were generally satisfactory except for  some hook marks where contact 
was not changed. The Fnside surfaces were poor with a continuous in- 
dication for most of the length of the tube and some bad local  areas. 

Un- 

The outside surfaces of the autoclaved 

Material and eQuipment for the tube shop i s  f ina l ly  reaching the point 
where full. scheduling of  IQPR pmcess tube testing and treatment will soon 
be possible. 
cessing. 
claving fac i l i ty ,  tes t ing is going forward on the new tubes including 
ultrasonic thickness measurements, ultrasonic flaw testing, and fluorescent 
penetrant testing. 

Preliminary evaluation of a dry blasting method f o r  autoclave film removal 
and w a l l  conditioning w a s  made st a Sea t t le  firm. The method u t i l i zes  9 
recirculated dry abrasive featuring a vacuum pic- a t  the working head. 
The operation of the unit i r  much cleaner and somewhat simpler than the 
present wet  method. 

Fifty-seven tubes have been received for  tes t ing  and pro- 
Pending the successful demnstration o f  the pickling and auto- 

Testing S t a t i s t i c s  

No. of Ft. of  Weld No. of 
Component Test8 o r  Material Pieces Description 

CPD 223 52 16 Radiograph w e l d s  80 mark U dissolver 
asrembly s/s; Radiographic w e l d s  on 
1 formaldehyde reactor TK-F-2; 1 
formaldehyde tower T-F-15-2; 1 con- 
densate receiver tank TK-F-3; Per- 
form ultrasonic thickness t e s t  on 
four vessels i n  Ef30-W Area; Perform 
ultrasonic thickness measurements 
on vacuum fractionator in 200-E 
Area. 
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'\ No. of  Ft .  of  Weld No. of 
Component Tests o r  Material Pieces 

F!PD 30 21 7 

.' m 3, 841 22,741 

I P D  

_ .  

. I  

361 

2,711 

5,639 212 

HW-67254 

Description 

Radiograph four welds of drain system 
in 340 Bldg., 300 Mea - Carbon steel ,  
3" Sch.40 pipe; Radiograph can-to-cup 
welds on Vr-4 fue l  element jackets to 
develop technique 1-1/2" I.D. aluminum 
rings. 

Aluminum clad U fuel  element; zr-2 
clad U Fuel elements; 6" tapered 
thermocouples; zr-4 s/s brazed 
samples; s/s creep t e s t  capsule; 
IVaK swelling capsule; .495" I.D. , 
zr-4 tubes; Mg oxide canned slugs; 
AI.-Pu fue l  rods; .425" 0 .D. , zr-4 
clad Al-Pu; ,750" 0 .D., longitudinal 
welded s/s tube; Radiograph aluminun 
uD2 fue l  rods for  Birch Fabrication 
& Development Program; .68otI I . D . ,  
zr-4 tubes; 1-3/4" O.D., zr-2 tube~j 
1-1/2" O.D., zr-2 clad U fuel; 1.76" 
O.D. x 43'-6" long zirc-2 "C" type 
tubes; 4-1/2" O.D. x 108"10ng z i r -  
c a y - 2  tubes; 2.40" O.D. x 46'-6" 
long zircaloy-2, KER type tubes; 
2-1/2" x 153" long - zircaloy tubes; 
Perform ultrasonic thickness t e s t  on 
pressure vessels i n  Bldg. 326, 327, 
& 328 - 300 Area; 0.50 x 4' long, 
Hastalloy tubes. 

Radiograph w e l d s  on Elms-7, s/s-4" 
sih.160; P= t e s t  sections & welds 
on CKP-3 Loop (s/s 1-1/2" Sch.160); 
Radiograph three welds on three 
sections of 2-1/2" Sch.xX strong 
carbon steel; Radiograph w e l d s  on two 
NPR tube shop autoclave injection 
steam superheaters s/s; Radiogrqh 
ends of five AI. reactor front face, 
nozzles; Radiograph welds on sea l  
t e s t  flanges 1-1/4" Tk x 8" O.D. 
s/s; 2.40 O.D. x 46'-6" long, z i r -  
caloy - 2 KBR type tubes; 3-1/4" 
O.D. x 53'-6" long zircaloy-2 NPR 
tubes; Straingage instal la t ion and 
stress a n d p i s  of c e l l  #4 piping 
system - 1706 KER Bldg; stress analysis 
on crossheaders, r isers ,  and down- 
comer of lO5-DR reactclr; Installation 

..d UNCLASSIFIED 



No. of Ft. of Weld No. of 
Component Tera%:e o r  Ma%erial Pieces Description 

of four straingase rosettes p h s  
two t e q  conpensating gages on 
Bo. 25 rear crossheader. 

J A  Jones 200 100 7 Radiograph tu0 e/e welder qualifi- 
cation t e s t  coupons, 3/8" tubing; 
Radiograph inetrument leads a t  
bottom of Calandrla PKTR s i te .  

- - - 
?LDTAL 4,655 28,553 2,953 

CONSTRUCTION OFWW'IOI i  

There w e r e  47 exiating J. A. Jones Cocapany orders a t  the beginning o f  the 
m n t h  with a total unexpended balance of $284,758. 
6 supplements and adjustments f o r  underruns amounted to $62,951. 
during the mnth on HIX) work were $l5O,U5. Total J. A. Jones backlog a t  
w n t h ' r  end w a s  $189,885. 

Seventy-three new orders,  
Expenditues 

HL CE&U 
Unewended Unexpem 

no. - Bal&ce No. - Balance 

Orders outstanding' beginning of month & 8 277,149 1 $ 7,609 
0 c) Issued during the  month (Inc. Sup. & A d j . )  73 62,951 

(Ina. C.O. Coste) 148,461 1,754 
J.A. Jones Expenditures during mnth 

Balance a t  w n t h ' s  end 48 184,030 1 59855 
Orders closed durlng month 71 W,8sSw 0 gw 

*Face V a l u e  of Ordera Closed 

1 2 3 4 3 2 8  
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, FACILITTES E2?GIIQZRING OPERATION 

Projects 

There were 13 authorized projects a t  mnth ' s  end rith total authorized 
f'uuds of $2,741,265. 
The unexpended balance on these projects amounts to about $3,5OO,OOO. 

The following summarizes the s ta tus  of HLO project, actfvlty: 

The t o t a l  estimated cost o f  these projects i s  $4,718,700. 

Number of authorized projects a t  mn th ' s  end 

NWer  o f  new projects authorized during the mnth 

Projects completed during the mnth  0 

New project proposals submitted to AEE during m n t h  

New projects araiAhg AEC approval:. 

1 3  

0 

0 

3 
CGH-832 Full Scale Physical Constants Test Reactor 
CGH-902 Uranim Scrap Burning Faci l i ty  
CAH-914 Rattlesnake Springs Radioecology Fac i l i ty  

Note - Proposals conplete o r  nearing completion are as fo lbws:  

Fuels Recycle P i l o t  Plant 
Atmspheric Physics - Field Service Center 

Pro Ject CGH-874, Consolidation of Plutonizrm MehILLurgy Facil i ty,  
was returned by the AEC fo r  revision. 

The attached project report contains detai ls  of individml project work. 

Engineering Services 

Ehgineering work performed during the mnth  included the foilowing l isted 
major item as w e l l  as scape engineering for  project proposals. 

T i t l e  Status 

329 Building Ventilation Mod. 

- 
Work complete 

Pressure Vessel and Code Piping- 
Engineering & Inrpection Service 

This is a continuing work program on 
HILI vessels, pressure system and 
related safety deriaes. Periodic 
audiogeging is nearly complete. O f  

appears %hat three w i l l  be derated. 
_ .  the first twenty vessels reviewed, it 

Fabrication is complete and appurten- 
ances are being installed. 

1 2 3 4 3 2 9  
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Ti t le  - 
"Split-half" Machine for Cri t ica l  
Mass Studies 

Cr i t ica l i ty  Alarm - 300 Area 

Improvement t o  Animal Waste D i s -  
posal System 

Horizontal Control Fbd-and Drive 
f o r  Tamper Tank ( C r i t i c a l  Mass) 

Basement Acceos Enclosure - 325 
Special Laboratory A i r  Conditioning 
2224  Building 

Irradiation Studier  Loop 

Breakaway Corrosion Loop . 

Review of  Pressure Systems, PKmZ 

Misc. A n W  Quarters &Pasture  
100-F 

Design special dust f i l t e rs  - 306 

Intercom System - 231-2 Building 

Cooling Sy.tem - 314 Building 

Status 

Materials on order. 
about 80$ complete. 

Detail design is 

Installation work w i l l  be postponed due 
t o  funds limitation. 

Desi- and f i e ld  work is  nearly complete. 
Acceptance tests and minor modifications 
will be perfomed during Rovember. 

Designwork i r  substantially complete. 

Construction work I s  authorized. 

Engineering w r k  is complete. 
to start during November. Procurement 

Field work 

ha0 started, 

Design complete. Fabrlcation in progress. 

Deaigu i n  pmgress. Procurement has started. 

Inspection is complete on all aystems. 
cording and documentation work is continuing. 

Re- 

Field work in progress. 

Design in pmgresr 

Design i s  being performed. 

DesigQ is  complete. Costs are being reviewed. 

Drafting and Design Services 

Work load in central  drafting m o m  (3706) is  very heavy. 
306 and 308 Buildings have steady work loads with heavy backlog in 308 office. 

Major desi* and drait ing work In pmgrese includes the following: 

Branch offices in 

1. H i g h  Level Uti l i ty  C e l l  - 327 Bldg. - Special Tools (60$ complete). 
2. PBP Cri t ica l  Fac i l i ty  - Detail of  in-cell  piping, ventilation, instru- 

mentation and e lec t r ica l  w r k  (18 dwgm . - gO$complete). 
3. Physical and Mechanical Pmpertier T e s t  Cell  - 327 Bbdg. - Special 

equipment design (35 dwgo - 'jC$ complete). 
4. Structural  Materiale Irradiation Test Fac i l i ty  - design - (25 dww re- 

&red - 30$ complete). 
5. Strontium Purification Project - Work underway. 

i 

UNCLASSIFIED 
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H-7 HU-67254 

Drafting and Design Sersices (Contld.) 

6. 
7- 
8. 
9. 
10. 
11. 

.- 12. 
1 3  
14. 

Fuel Element W i r e  Wrapping Machine (12 dwgs reqyired - 9546 complete). 
Split-half mechanism, Cr i t ica l  Maas. Labo~almry. 
Thermal precipitator - ( 5  dwga required 30% complete). 
PRTR special tools - (trpprox. 45 dwgs. - 55s complete). 
Breakaway Corrosion Loop - Appmximetely 35s coq le t e .  
Cr i t ica l  Faci l i ty  - Appmximately 20 dwg8. required - Estimated 30$ 

Stress  Rupture Faci l i ty  - Estimated 605 complete. 
Fuels Recycle P i lo t  Plant - Conceptual work in progress. 
Length Measurement Telescope - Work started. 

complete. 

In  addition t o  the above work, miscellaneous s m a l l  design-drafting jobs are 
in progress. 

Approximately 175 drawings including oketches, work eheets, and formal 
drawings were completed during the wn th  of October. 

Plant Maintenance and Operation - Costs (September) 

$ 138,556 104.4 $ 

Analpis of Costs 

The elq)endituree continue about 4$ above forecast. 
emphasir on preparing t h e  buildinga for winter. 

This ref lects  the 

Improvement Maintenance 

I t e m  - September 

Crane $ 1,607 
Relocation & Alteration 1,310 
Painting 477 
Misc. 511 

Total $3.905 

Miscellaneous 

Approximately 31,OOO square fee t  of prints  vere reproduced b r i n g  the mnth. 

The t o t a l  estimated value of the 1 4  requisitions issued during the mnth  was 
$7 , 600 

_ .  
llgpmpriation Requeets for hoods and f o r  laboratory furniture were prepared 
and submitted. 

. .  
The following painting was perfomed: 305-B Interior,  325 (spot), 3760 (spot) 

1 2 3 4 3 3 1  
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Cocversion +A a standard fire gong system is continuing. 
dcring the instal la t ion period of the c r i t i ca l i t y  alarms. 

It was de-emphasized 

Investigations have been made of a i r  f l o w s  i n  747 Building. 

The effect  of supply a i r  shutdown while exhaust fans run in 308 Building was 
measured. The system had been designed for  such supply shutdown in  the event 
o f  fire. Tests indicated that excessive vacuums w e r e  b u i l t  up which threatened 
the ductwork, emptied floor drain traps and rendered exterior doors unopenable. 
'This fire alann connection has been de-activated pending further studies. 

A study has been in i t ia ted  on changing the level  o f  the 326 Building basement 
access. 

A n  order has been isrued to lower the #3 pump houre near 329 Building. 

An order has also been issued to provide a covered connection between the base- 
ment and main entrance in 325 Building. 

TECHNICAL IIQFOFMATION OPERATION 

A detailed rumnary of the proposed system f o r  the contml o f  access to documents 
i n  the Classified Fi les  ha6 been written and sent to the Departments for  comment. 
It i 6  planned tha t  the revised copies, incorporating Department suggestions, w i l l  
be used fo r  (1) further negotiations with the AEC and (2) as inatructions for  
distribution t o  the field when the plan is Implemented. 
indicate that an educational campaie of some intensity w i l l  be needed before 
Plant  perlonnel fully understand the proposed changes. 

Comments received to date 

Additional instructions on elcusifying WR Fuel Element information was received. 
The new instructions were primarily related to production capacities and rates. 
They were distributed t o  the f ie ld  v i a  HW-66932 "Classification: 
Elemento" dated Ocbber 3, 1960. 

NPR Fuel: 

Two Classification Information Bullet- were distributed. They are: 

"Poison Splines" 
"Beplacement Code Word" 

The bul le t in  on Poison sglines contained the topics recently approved by the AEC. 
After distribution of the + q % c s  to the f ie ld  several questions regarding inter-  
pretation of two o f  the topics were raired. Work on clarifying there topics 
i 8  UnderWw. 

Efforts were continued on bringlng the plant inter-area uranilml transfer recorda 
into coql iance with Topic 201.7.2 of the Hanford G u i d e .  
to classify individual copies of  record. for  t ranrfer  of fuel elements from the 
fuel8 production plant to the reactor areas remains to be resolved. 

The question of need 

1 2 3 4 3 3 2  
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decommendations for  changes i n  the roster of Hdpo Responsible Reviewers 
were made to the Chief o f  the AEC's Declassification Branch. Because o f  
the s m a l l  number of declassification referrals in the f i e ld  of Chemistry 
and Chemical Engineering, it was suggested tha t  the number of reviewers 
be decreased fmm five t o  one. Simultaneously a request was made for  the 
appointment of an additional reviewer in the f i e ld  of Reactors and Physics, 
the f i e l d  which comprises the majority of the declassification referrals. 

The program for automating the  Classified Fi les  issuance, muting, and 
mailing routines, which has been s ta l led for  some weeke pending infomation 
from IIpi on some adagtations to standard equipment, began t o  move again a t  
mnth 's  end. 
charges w i l l  be about $550 per month. A six mnths delay in receiving the 
equipment is anticipated, which would place instal la t ion i n  April 1961. 

- 
. -  

An order f o r  the equipment will be placed shortly. Rental 

Microfilming of the Classified Fi les  document holdings began on October 3. 
To date 1,521 documento have been microfilmed, which is  satisfactory progress. 
Fire proof cabinets fo r  storing the completed 'ljackets" have been received 
in  300 Area as has the  Minnesota Mining Reader-Printer. T r i a l  runs on the 
l a t t e r  are pmducing excellent reproductions fmm the microfilm. 

The automation of the Library's procedures for handling subscription re- 
newels advanced nearer rea l i ty  during the month. 
worked'out and is being "&bugged". 
formation from cards to tape is expected to take place in November. 

The program has been 
The transfer of subscription in- 

Work Yolume S ta t i s t i c s  

Document Distribution and Fi les  

Documents muted and discharged (copies) 
Documents issued (copier) 
Documents sent off-s i te  (copies) 
Document resemes f i l l ed  (copies) 
Documents picked up and delivered 

Document Accountability 

Holders o f  c lass i f ied documents whose fi les 

Documents inventoried in Fi les  (copies) 
Documents destroyed o r  r e t i r ed  (copies) 
Documents revised (copies) 
Documents pulled and documents f i led (copies) 
Documents reclassified 
Accountable copies of SECRgT and WCWEKCED 

w e r e  inventoried 

- .  
CONFIDENTIAL documents on-site 

September October 

14,453 16,100 
15,227 14,281 

641 
6,597 8J257 

18,229 
586 

16,679 

1 2 3 1 4 3 3 3  
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Reference and Publication 

H-10 

Books cataloged (new t i t l e s )  
Books added to the collection (volumes) 
Ready reference westions answered by pro- 

fessional s ta f f  
Literature searches by profesoiond staff 
Reports abstracted ( t i t l e s )  
Formal r e p o r t s  prepared ( t i t l e s )  . 
Off-site requests for  HAP0 repor ts  (Copies) 
~eports  releaaed to CAP ( t i t l e s )  

Library Acquisitions and Circulation 

B O O ~ S  ordered (volumes) 
Periodicals ordered 
Boob circulated (volumes) 
Periodicals circulated (issues) 
Inter-Librarg Loans 
Films borrowed or rented 
I n d w t r i a l  film ohowin@ 
Bound periodic& added to the collection . 

Lib- Collection 

Main Library 

No. of boob 30,209 

N 

September 

26 
136 

235 
67 
242 
17 m 
42 

493 
.91 

2,148 
4,745 

92 
22 
83 
293 

w-10 LibrarY 

8,546 

108-F LibrarY 

1,677 

October 

49 
20 5 

20 5 
68 
260 
16 

1 299 
43 

297 
29 

1,777 
3,353 

79 
5 
51 
62 

Ind. Med. 

2,018 

Tot& 

42,450 

Classification and Declassification September October 

reviewed for downgrading or declassification 

Documents and papem (intended f o r  o r a l  presentation 
or publication) reviewed for  appropriate c lasr i f lcat ion 

Documents, including drawings and photogrwhs 203 497 

39 24 

227 Documents submitted to Declassification Branch, O a k  Ridge 75 



Project proposal submitted to HOO-AEC on 9-19-60. 

* Months after authorization. 

FUNDIN6 m m .  NO. TITI.. 



: O I T  P L U I  C l X C O  C C C  

' L A N T  C O R C C S  

L R C H t l C C  I - C N O I N C E A  

? E l  I O N  CN OIN R PRIM OPERK Tl O N  

IC  C I C L D  E N O I N L E R  

CMOINCCR 

CIXCD P R I C E  

COST PLUS FIXED FEE 

P L A N T  CORCCS 

A R C W I T C C T - E N O l M l O R  

DESI  OM S N  OIW LR R l N O  O P E  RAT I O N  

O S  ClRLO CMOINCSR 

I 
I C O C I .  P U R P M C .  S T A T U S  L PROGRESS 
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DESION 12-1-60 I P E R C E N T  C O M P L E T E  

-350 - -3x walm 
M ANCOW L II 

C I X K O  pa ice  
C O I T  C L U I  C I X K O  ? E R  

P L A N T  C O R C K I  

A R C H I T E C T - C N O I N C L R  

0KS10N CNOIN(FSRIU0 O P E R A T I O N  

AVCRAOK r 
I I 5L FIELD KNOINEER 

2 ,  -- 1 A -=sL& - -- prcgressing according to schedule submitted to  AEC. 

% A X  Dir-ect5ve No. EW-5l.bj Mod. 1, authorized HOO-AEC't&al project funis, 
&;.thcr,Lty desipC,i.ng GE fmds has not Seen issued. 

Work 

P E R C E N T  C O M P L C T E  

K N  OINCCR 

1" L'L" - FA 2Lm.k 
M A N P O W E R  

C I X C O  P R I C E  

COST P L U S  T l X K D  CLE 

P L A N T  ?ORCKS 

A R C W I T L C T - C N Q I N C I R  

D C I I O N  L N O I N E g R l N Q  O P E R A  l l O N  

O C  ClCLD KNQINCCR 

ACCUM. HCNDA 

I I P C  I 
C C C C  

C P  

I I J- 
I C O C C ,  P U R P O I L .  STATUS b PROOIQRSI  

Tfie r w l s e 3  pmjez t  pzoposal is being routed ror  approval. Design is continuing 
bas23 03 tte r2vfsed sccge. Evaluation of the project status and effects of the 
rev"_se4 p:,ans f c r  She ETR f a c i l i t y  is grogressing concurrently with the proposal 
reY:z:oz 0 

P x c b a s e  spscifCcations f o r  engbeered eqdpnent not affected by t he  requested 
3 ~ 3 ; ~  crxinge a x  Sn ? r e p r a t i o n .  



CPCC I 
C I  85 52 f 65 ; 

Of the ten wells on this project, s i x  have been completed, and two more are in 
2rogress. Tb date, approximately 3,000 feet of hole have been drilled. 1 

* The Commission is extending the directive completion date f r o m  11-15-60 t o  
3-15-61 because of additional footage added to the projects included in this 
Contract. 

Six tt-awings and specifications on Title I work received from the Architect-Engineer 
were reviewed and comments were prepared which were reviewed wlth the AEC. Title 11 
wrk l a  temporarily held up by AEC pending the funding problem being resolved. 
prelimicary estimate of project cost is considerably more than the indicated total 
Pzds nade avaiiable. 

I . 

The 
- <  
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-_-._- 
D E S l O N  

A E  
-- S N O I N L E R  

-- - 

CONST.  

PP 

CPFP 

CP 

E O  - G T  Lloyd 
M A N  POWER 

FIXED P R I C E  

C O l T  PLUS F IXED FEa 

P L A N T  C O R C P I  

A R C H I T E C T - C N O I N E C R  

OESlON P N O l N E E R l N O  OP6RATION 

0. FICLD E N Q I N L L R  

SCOPE. CURPOSE. S T A T U I  PROGAUSS 

The jua t i f i ca t ion  and estimate is i n  the  process of being updated by 
G e n ~ r a l  E lec t r i c  Company. 

8 Y'bnths a f t e r  authorizat ion.  



____ --_I____ __..- _- - ____- 
PROJECT STATUS REPORT 

O R I E L 3  O P E R A T I O N  

C O M P L  

FEO - RW ~ 8 C ~ Z O  
Y A M P 0  We I 

9 

I 1 I I 

SCOCS. CURCO.S. 8'IATUS b PROaRESI 

* The decrease i n  percent completion is due t o  the modifications required by a change 
io. scope. 
b-Jllding exhaust system. 
a separate exhaust system will be desigged. 
All specifications have been issued ror comment and reviewed. 
A t r i p  was made to  the A-E's office on 10/17-19/60 by Mes8r's W. L. Delvin, 
J. P. Demuin and R.  W. Daacenzo t o  review the nearly completed detailed design. 

The exhaust f o r  this f a c i l l t y  was previously to  be exhauated by the 
As the building did not have enough capacity t o  handle it, 

cixEo m i c e  
C O I T  CLUS PIXED C C I  

PLANT C O I C S I  

A RCHITECT-SN.tNCCR 

D I S l O N  (IMOIWSLRIYO OPERATION 

O S  CISLO SNWN(LLR 

* Scope design was started November 2, 1959, and completed March 15, 1960. 
design was started August 1, 1960. 

Detail 

J 
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C L A W ?  C O R C R I  

A ~ C W l ? K C T - K N O I M K K ~  

OCBION C N O I N R K ~ I N O  OPCRAmON 

#8 CICLD L N O I N C E R  

#COCK. CURCOIK. 8?A?U8 C n O O R U S  

A l l  drawings for the c e l l  and services have been issued to  €ELI f r o m  
An investigation is presently being made by V. G. Aquino ,  the customer engineer, 
cf equipent a t  various hot laboratory sites and vendor's plants i n  the Ebst to  
determine if suitable dilatometer and electr ical  res i s t iv i ty  lnachlnes are  available 
f o r  hot c e l l  use. Due to  this investigation, the design work has been held up. 
A l l  dra*gs for t he  lmpct  tes te r  have been is8ued fo r  comment. The design on the 
fatigue testers, creep machine and UnivErsel t e s t  machine W i l l  be ready f o r  
comment by Nov. 15,1960. 

for comment. 

i 

CIXSD CnICc 

COO? CLUI CIXKD C8K 

PLANT Ironcam 
A RCWI T K C ? - C N O l N S l R  

DKIIW4 #NOIWKKRlNO O m R A T l O N  

OK CIKLD KNWNRKR 

ICOC.. CURC0.C. S T A T U 8  b CROORKI@ 

All of the c e l l  and service drawings, except for e lec t r ica l  and s t ructural  have been 
issued for comment. 
Preliminary design has been completed on the slitting machine and it is  being detailed. 
A design specification has been prepared on the decladder machine and will be submitted 
t o  six vendors for proposals the first w e e k  i n  November. The design for  the machine t o  
g r e p r e  f l a t  tensi le  test sgecimens i s  being scaled up f r o m  an existing design. Design 
$as not started on the round tensi le  t e s t  specimen machine. 

1 k can opener, scaler and a MAK ogener are  being designed. 

1 2 3 4 3 4 1  
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SCOCC, CURCOIK. STATUS b PIIOQRSBS 

The heat exchangers being fabricated by the Sentry Co. have pesed  the  pressure 
tes ta  a d ,  pending final inspection, it is a n t i c i p t e d  tbat they w i l l  be shipped by 
the  enC of this reporting period. 
is still mid-November so resumption of f i e l d  ac t iv i ty  is s t i l l  planned for Dec. 1. 

The promised delivery of the water storage vessel 

* Based on Project Proposal, Rev. 1, awaiting final approval signatures. 
++K Fm drawings are  contingent on vendor's design o r  the quick-acting valve 

assembly. 

4 

The f 3 e d  price contractor (George A. Grant Company) bas started the  excavation 
work f o r  l ocs t i rg  hidden liaes. 
If has bee2 decided that only part of government furnished eqdpment will be instalied 
br Geo A. &ant Company. 

1 

1 2 3 4 3 4 2  
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A-7300-042 (10-60) 



: O S 1  PLUS F I X S O  C S E  

C L I N T  C O R C S S  

L R C W I T C C  T - C N O I N O C R  

DSSION 8NOINSCRINO OPURATIQN 

I S  C lCLD CNalNCSR 

ICOCC, CURCOS8. S T A T U S  b C R O O I I W  

The Loadout Building has been made available to operations fo r  use, with remaining 
construction work t o  be scheduled (10-24-60). 
Storage building piping, painting and e lec t r ica l  work is in progress. 
J. A .  Jones has star ted excavation f o r  continuation of the piping trench t o  tie-in 
t o  the existing f a c i l i t i e s .  

I 

A V S R A O K  
EL0 - DB Schlvely 

YAMCOWCR 

FIXSO C w c m  

COST CLUS CIXSD ?'.E 

CLANT CORCKS 

4 RCWI TSCT-SNOINSKR 

DSSION SNOINSCRINO OPEIIATION 

O S  C ISLO S N W N S C R  

The f b s t  two sub-assemblies from Struthers-Wells were received i n  damsged 
condition. 
during shipment, a f t e r  repairs have been made. 

Claims w i l l  be processed against the carriers,  f o r  damages incurred 

'* Does not Include design performed by Struthers-Wells. 
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C O S T  PLUS F I X ~ ~  Fee  
PLANT F O l l C E S  

A l l  C H I  T C C  T - E N  O I Y E  E R 

1 DCSIOY CNQIN.C I IN0  OPBRATIOBI 

BC PISLO PNQINLCR 

I 

750 FP 

Aecegtmco Tests of the i n i t i a l  phase have been run and preparation f o r  the remaining 
t e g t s  sf the inatr-aentatlon instal la t ion is underway. Mockup of the capsule removal 
faz2llity 3 uadorway and necessary modifications to  the equipnent w i l l  be made 
b o f . x =  th3 l e a l  f c r  the cask is poured. 
3esigc and procurement f o r  the helium conservation modification is in  progress. 

,s Based on Zlrective No. HW-450, Mod 2, and revised schedules submitted fo r  
s~pmval signatures. 

PLANT Poacua 
A I C U l  T l C T - a N O I N O B R  

0.SION C N O I N C C I I N O  O C C I A T I O N  

O I  PIELO CNOINCCR 

Sell castings, lead glass viewlng window, and manipulators remain the most c r i t i c a l  
items of eq'lipmnt to  be delivered t o  the Contractor. 
by i'L-15-50. 

next apr%k:os v5ll b,o forming of  the f loor  openings and pouring the floor concrete. 

A l l  of t3ese items are expecte 

' 3 - e  ?on+,rsctcr has cozpleted the concrete work f o r  the tens i le  tes te r  base. The 



' b A N T  C O R C 8 B  

L R C M t T  8CT-8Ne IN8SR 
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18 CI8LD 8NOINCn 

i n  siiiment o f  reactor components. 
startidp o f  this f a c i l i t y  u n t i l  equipment is  received. 
at, P o r t l a d  Copper and 2mk Works was not necessary. 
o f  polishing by vendor. 
As-Buiits fo r  Phase I Construction have been completed. 

Very l i t t l e  progress can be ?de toward completing 

Shipment of the f i rs t  vessel (sphere) is expected by 11/4/60. 

Heat treatment of Reactor Vessels 
Shipnent is  pending completion 

* Phase I only; Phase I1 design was completed 3-31-60. 
* Complete with exceptions as noted on Physical Completian Notice. 

INOIN8.R 

Ae FEO - KA Clark __ Engineer - 2 H a l l  -- 
MANPOWER 

FlX.0 CRlC8  

COST PLUB CIXSO C 8 8  

PLANT CORCCB 
A RCWITECT-SNGIN88 I  C V I V  loo- 

260 100 
415 

D 8 B l O N  8Nl lMK8RIUO OCIRATION 

08 FIRLO CNOINKER 

- 
#COP.. PURCOS8, BTATUB 0 P R O O R U S  

The last modification of the Jensen-Rasmussen contract, AT(45-1)-1440, has been 
sef,tled .) 
;ob-son Service Co. has agreed t o  replace temperature sensing elements in the pre- 
heat temperature controls. 
delivery. 
%e J. A .  &nes Co. ia completing par t i t ion  changes and minor equipent instal la t ion 

Replacements are requested from the supplier wi th  air-freigh 

WGYK, i r ichdicg the a i r  receiver. 

tube annealing furnace. 
-%e FZcif2.c Scientific (3, representative is completing modifications t o  t h e  vacuum 

1 2 3 4 3 4 5  
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PROFESSIONAL PLACZBEIUT AND 
RbWIONS PRACTICES OPERATION 

GENERAL 

As of October 31, 1960 the staff of the -ford Laboratories to ta l led  
1380 employees, including 662 exempt and 718 weekly salaried. O f  the 
t o t a l  568 possess technical degrees, including 341 B.S., 123 M.S., and 
104 Ph.D. _ -  

HFaTH, s m  A.ND S E C u R m  

The m e d i c a l  treatment frequency for  October was 1.80 as compsred with 
1.21 for the preceding month. 
serious accidents during the month. There were 4 security violations, 
bringing the t o t a l  for  the year t o  date t o  28, as compared with 40 for  
the corresponding period last year. 

Hanford Laboratories qualified f o r  the Mnager's Safety Award  on October 
19 in recognition of 321 accident f ree  days. 

There were no disabling injuries or  

PROFESSIONAL PLACEMENT 

During October there were tuo visits by Ph.D. candidates seeking employ- 
ment, and an inexperienced Ph.D. theoretical  physicist reported for work 
in  W o r d  Laboratories. EEaniord Iaboratories extended an of fe r  t o  an 
experienced Ph.D. chemist. 

Three Technical Graduates were added t o  the r o l l s  including two members 
of the Company Engineering and Science Program, seven accepted peFlnanent 
assignments including one Engineering and Science Program member, and one 
terminated fo r  military service. 

The Company's s t a r t i n g  rate structure for inexperienced Technical Graduates 
will be increased 2-1/2$ over last year's rates. 

m u m  
There were 17 weekly salaried vacancies f i l l ed  during the month and 1 5  
requisitions fo r  additional weekly salaried personnel received. As of  
October 31, 21 weekly salaried vacancies existed. 

- f  
The Seminar, ''Business Operations in Our Changing Environment," continued 
8s did 8 class r o r  15  participants in "Understanding People." 

Proie S s io& PlacXiitent 
and Relatione Practices 

1 2 3 4 3 4 b  Rs Himmelright:Imh 
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TABLE IX RONEXEMPT EMPLOYMENT 

Nonexempt Employment Status Sept. Oct. 
Requisitions Transfers 

Nonexempt Transfer Request Sept -- Oc. 

At end of month 24 21 Active Cases a t  end of mo. 81 78 

Cancelled 
Re celved 20 1 5  New 

Fi l led 16 17 Effected 

3 %  0 

4 2 

0 2 

Cancelled 2 1 

1 2 3 4 3 4 1  UNCLASSIFIED 
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C - Technical Graduate Program 
*nth ending October 31, 1960 

I 2 3 4 3 4 9  

I- 4 

Number of Personnel on Ass-gnmen 
(HAP0 Tech Grad Program ............. 64 
(Western Mstrict  E.P. .............. 6 

Distribution of Assignrents by Departmnts 

IPD 
HLO 
FPD 
CPD 
CE&UO 
C&AO 

Distr ibut ion of Assignments by Function 

R&D or Engineering 
Other 

70 

- 

30 
17 
10 
6 
5 -  
2 

45 
25 

HW-6725 4 

1 
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FINANCIAL OPERATION MONTHLY REPORT 
OCTOBER 1960 

Justification was assembled to substantiate our request for additional equipment 
funds in the 04 Program. 
ment while our indicated needs are $1,235,000. 

The current Financial Pl& provides $715,000 for ewip- 

Personnel 

There were no personnel changes during October. 
1 

Activities 

GEmERAt ACCOUmTTMG 

As of the end of October, travel was running at a slightly higher level than in 
the previous year, a reversal of an earlier trend. 

Reconciliation of the inventory of movable cataloged equipment in custody of the 
Radiation Protection Operation is complete. Inventory documents were forwarded 
to C&AO for completion of the reconciliation and for use in updating HLO records 
A U  of the equipment on record at the time of inventory was physically located. 
Vpn completion of the reconciliation, a formal report of findings will be 
issued. 

The reconciliation by C&AO of the physical inventory of the Hot Semi-Works 
facility continues. 
December. 

c80AO advises reconciliation w i l l  not be completed until 

Eighty-two items valued at $36,633 were received at the Laboratory Equipment Pool 
during October. Reven items valued at $6,597 were placed in lieu of placement 
of re-quisitiona. There were 559 items valued at $224,967 in the Pool at month 
end. 
c a l l s  and visitors requesting information on the availability of equipment has 
increased considerably. 

Over nine thoussnd pounds of usable, type 3, zirconilun scrap was transferred tc 
the Pool during the month. This material w i l l  be held on a memorandum quantity 
record basis at no cost. The following materials were on hand as of October 30, 

Activity within the Laboratory has been gaining momentum, and the number of 

1961: 

Beryllium 
palladium 
Platinum 
Silver 
Gold 
zirconium 

UNCLASSIFIED 



mcLASs1FIE.D J-2 IIW-67254 

COST ACCOURTIXVG 

Prepe;rafion of the FY 1961 Mid-Year Budget Review is progressing. 
September personnel forecast was approved for budget purposes, receipt of the 
October F'inascial Plan prampted a review of the personnel requirements which 
resulted in revising the forecast slightly as follows: 

Although the 

Personnel at 12-31-60 
3-31-61 
6-30-61 

September md-Year 
Forecast Review 

1 391 1 392 
1 393 1 386 
1 390 1 380 

The above numbers compare with a current force of 1,381 at 10-31-60. 

Program amounts for  inclusion in the Mid-Year Review have been determined. 
pilation and consolidation of these amounts is currently under way for submission 
to the Manager - Haaford biborstories and to Contract Accounting. 

Com- 

Three special requests from AEC were received by Hanford Laboratories during the 
month as follow: 

(1) R e p a i r  end service microscopes and balances fo r  the Kadlec Methodist 
Hospital. 
per hour has been established. 

Ro total amount authorized, but a b i l l i n g  rate of $7.50 

(2) Approval of 0. J. Wick to serve as a member of the Review Comnittee 
for'MetallurgicaJ. Engineering at a. 
service plus travel expenses have been authorized for billing to the 
university of Chicago. 

Sdazies and continuity of 

(3)  Approval of W. L. Nicholson to teach at the University of Idaho dur- 
ing  the period 9-1-60 through 1-31-61. 
service have been authorized for billing to the University of Idaho- 

Salaries and continuity of 

FTogrtun code .29 "Strontium-90 Purification" was established during the month and 
three organizational codes within Physics and Instrument R&D Operation were 
established and one was cancelled as follows: 

Code Organization Title - 
74a Theoretical Physics (Cancelled) 

7460 Applied Physics Operation 
7461 Theoretical physics 
7462 Reactor Analysig 

A major step towards conversion of the EL0 cost accounting system to electronic 
data processing was accomplished during October. 
utilize individual Tlme Distribution Reports with certain pre-printed informstion 

Arrangements were completed t o  

supplied by Data Processing. The TZIR's will be completed by components and 
1 

1 2 3 4 3 5 1  UI9CLASSIXED 
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submitted weekly for further processing. 
tribution of salaries and indirect expenses to programs and customers as well 
as provide manpower information. All components in Ranford Laboratories were 
contacted concerning the use and preparation of Tcw's. 

Dsta Processing w i l l  compute the dis- 

After analysis of the potential problems involved in accounting for PRTR fuel 
costs in accordance with recent kevisions to the AEC Manual, the counter proposal 
WBS prepared, modifying the application of the Manual to PRTR. This proposal was 
then presented to HOO-AEC representatives and a representative fiom the AEC 

officials during Rovember, no decisions have been made regarding the accepta- 
bility of the proposed changes. 

. 
r 

Controller's office. Pending review of the problems with other Washington-AEC 

Action as indicated occurred on the following projects during the month: 

New Funds Authorized HLO 

AEC-167 Plutonium Recycle Test Reactor $150 000 
W-841 High Pressure Loop (Project abandoned) (50 000) 

Physical Completion Rotices Issued 

CGH-8n Pyrochemicsl Test Fscility, 321-A building 

Payroll statistics 

lkmber of Hu> Einployees 

Cbanges During Month 
h b e r  on Payroll at Beginning of Month 

Removals and Transfers Out 
Additions and !rransfers In 

Bnployees on Payroll at bnth-End 

Overtime Payme n t s  During knth 

a e m p t  
Non- Exempt 

m+4 

Gross Payroll Paid During Month 

Total I 
'd 

v 

October September 

$ 9  212 $ 8 825 

$28 320 $27 242 

19 108 18 417 

$579 695 
s22 
$90 292 

UNCLASSIFIED 
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October September 
Number Percent Number Percent 

Participation i n  m l o y e e  Benefit 
Plans at Month Esd - 

Pension plan 1 a 7  99.4 1 a5 99.4 
Insurance Plan 

Personal Coverage 
Dependent Coverage 

Stock Bonus P l a ~ l  
U.S. savings Bonds 

savings Plan 
savings and security Plan 

Accident Insursnce 

Insurance Claims 
Ehployee Benefits - 

Life Insurance 
Weekly Sickness snd Accident 
Comprehensive Medical 

Comprehensive Medical 
Dependent Benefit 8 

Total 

Good Neiuhbor Fund 

Ncrmber Participating 
Percent Participating 

37.1 
6.6 

36.9 75 
91 85.2 1 054 85.9 

58 .o 797 57.8 795 

75 
90 

1 051 
6.5 

October September 
Amount Number Amaunt Iiumber 

.-0- $ 
317 

-0 - 
10 730 
55 2 456 

84 - 

October 

941 
68.1 

W Ssle:bk 

Y-15-60 

Sept enber 

947 
69 .o 

UNCLASSIFIED 
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INVENTIONS OR DISCOVERIES 

HW-67254 

All persons engaged in work that might reasonably be expected to 
resul t  in inventions or discoveries advise that, to the best of their knowledge 
and belief, no inventions o r  discoveries were made in the course of their 
work  during the period covered by this report  except a s  listed below. 
persons fu r the r  advise that, for the period therein covered by this report ,  
notebook records,  if any, kept in the course of their work have been 
examined for possible inventions or discoveries. 

Such 

INVENTOR 
J. Dunn 

TITLE OF INVENTION OR DISCOVERY 
-~ ~~ ~ __ ~ 

Hydraulic Ram Intensifier 
L. L. Ames, Jr. ~ Removal of Ru and Other Radioisotopes 
R. Fullerton from Low-Level Wastes 
D. W. Pearce  
D. G. Fos te r ,  Jr. 

J. E. Hammond 

F. B. Quinlan 
J. W. Weber 

A possible invention is being investigated. 
This possible invention concerns the use 
of bearings for rotating electrical  contacts 
in a slip ring application. This possibility 
is documented by an entry in HWN-26 17, 
page 8, 10/28/60.  
The Method for Assembling Models of 
Nuclear Reactor Fuel Elements 
The A r t  of Gripping Materials 
Fuel Element Support Bearing Surface 
Mater ia ls  to Prevent Scratching of 
Autoclave Zircaloy-2 Process  Channels 

. 

L 
Y' 
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