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BUDGETS AND COSTS 

Costs for March were $2, 072, OOO,, an increase of $175, 000 from 
February. 
authorized to Hanford Laboratories. 
g rams  sponsored by Hanford Laboratories have the following cost- 
budget relationship as of M a c h  31; 

Fiscal year-to-date costs a r e  69'70 of the amounts currently 
Research and Development pro- 

(Dollars in Thousands) c o s t  Budget 70 Spent 

2000 Program $ 394 $ 616 64 
4000 Program 5 157 8 208 63 
5000 Program 414 62 1 67 
6000 Program 1628 2 198 74 

$7 593 $11 643 6 5'70 

Program funds authorized to Hanford Laboratories for F Y  1960 were 
increased by an additional authorization of $52, 000 from Irradiation 
Processing Department for 2000 Program research  and development. 

Costs of HLO research  and development for Hanford Product Depart- 
ments a r e  in line with amounts authorized. 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels Research and Development 

The PRTR Phase III construction contract is estimated to be 
65'70 complete versus  a scheduled 65% and the over-all  PRTR 
project 8270 versus 82'70. 
been delivered to the s i te  for installation, and the fueling vehicle 
wil l  be delivered by the end of March. 
contract has been completed. 

The calandria and bottom shield have 

The PRTR exhaust stack 

Difficulties encountered in mock-up testing of the PRTR mechanical 
sea l  pump have been traced to excessive mechanical and hydraulic 
vibrations. The pumps wil l  be modified by the vendor. 

Calculations disclosed that flow monitor response would not 
s c r a m  the reactor in t ime to prevent fuel elemLent overheating 
in the event of a PRTR process tube leak within a certain size 
range located anywhere between the orifice and the top level of 
the fuel element. Revised instrumentation is planned. 
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All of the PRTR Crit ical  Test  descriptions have been reviewed 
by the Startup Council, and review of startup Process  Specifi- 
cation drafts was started.  Writing of the Power Tests  continued. 

Only etching, wire wrapping, autoclaving, and assembly opera- 
tions remain to complete the fabrication of thirty 19-rod PuAl 
clusters  for the first PRTR loading. However, because of the 
poor quality of the Zr-2 tubing -- nearly 90% of the tubes have 
cracks deeper than 9 mils -- these elements wi l l  be used for 
cri t ical  testing only. Better quality tubing wi l l  be received in 
May, and new elements wi l l  be fabricated for power operation 
of the reactor.  

The 72 U 0 2  fuel elements needed for startup tes ts  and operation 
of the PRTR were completed. 
compaction process ,  the remainder by cold swaging. The 
over-all  yield for 2, 068 fuel rods fabricated by the swaging 
process between January 1, 1959 and February 1, 1960, was 
70.8 per cent. 
fourth quarter of CY-1959 with a yield of 80.2 per  cent. 

One w a s  made by the vibratory 

Nearly one-half of these were swaged during the 

Mixtures of Pu02 and U 0 2  were found to s inter  to high density 
in 74 hours at  1300-1500 C in contrast with decreases  in sintered 
density with increasing Pu02 concentration observed in one- and 
eight-hour sintering periods. Considerable plastic flow was 
found in pellets containing 40 w/o  o r  more  -02 which were 
sintered for long periods. 

P u 0 2  formed from plutonium oxalate calcined at 500 C o r  higher 
is partially reduced to Pu2O3 when heated in hydrogen at 1500 C. 
P u 0 2  formed from the oxalate calcined at  300-C o r  lower is not 
s o  reduced but remains a s  Pu02. 

Post-irradiation examination of a Zircaloy-2 clad, swaged U 0 2  
fuel rod purposely defected in-reactor revealed evidence of 
zirconium hydride formation, even though the specimen w a s  
irradiated only 90 minutes in 40 C water coolant. 
of the hydride in the Zircaloy-2 cladding increased uniformly 
from -150 ppm at the 0. 005-inch diameter hole to -250 ppm at 
a 0.4-inch radius f rom the defect. 
concentration was -150 ppm. 

Concentration 

Beyond this radius the hydride 

Changes observed in the microstructure and electron diffraction 
patterns of U 0 2  a s  a function of irradiation exposure and irradiation 
environment a r e  found to be quite different from those in Tho2 
irradiated under identical conditions. 
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2. 

The irradiation of an in-reactor creep capsule containing an 
annealed Zr-2 specimen is in progress.  
obtained during the pas: month at  a test  temperature of 500 F 
(260 C) and a s t r e s s  of 30, 000 psi indicate that the creep ra te  
of the in-reactor specimen is of the order  of ten times that of 
a duplicate control specimen tested under the same conditions 
ex-reactor. 

Preliminary data 

Additional measurements a r e  in progress.  

The protection afforded by a ZrO2 film against. hydriding of 
Zircaloy-2 by dry hydrogen at  500 C appears to be destroyed 
by local breaks in the film caused by mechanical damage o r  by 
thermal  cycling between 100 and 500 C. 

Ten Zircaloy-2 tensile tes t  samples cut f rom an irradiated KER 
tube ranged in ultimate strength from 108% to 75% of the 
unirradiated controls. 
70% cold-worked grains had occurred in the two samples of 
lowest strength. 

Par t ia l  recrystallization of the originally 

The ruptured rod from the third ETR rupture tes t  of irradiated 
(2400 MWD/T) N P R  fuel has been examined. 
swollen and the cladding split in severa l  places. 
had caused high activity readings in the loop requiring shut-down 
of the reactor  within 33 minutes after the defect w a s  opened up. 
In contrast, the ear l ie r ,  second rupture tes t  had run for 14 hours 
after the defect cap w a s  sheared off with no buildup of fission 
product activity in the loop. 

The rod was 
This specimen 

An experimental study was reported in HW-64398, indicating 
the effects of enlarged outlet fittings on the thermal hydraulic 
characterist ics of BDF type reactors.  It was concluded that 
greater  flows would resul t  with the enlarged fittings and that 
adequate reactor  safety would be ensured by using the present 
specification for outlet water temperature limits. 

Chemical Research and Development 

Process  water  quality, as affected by Purex plant deminerali- 
zation treatment, was shown to be responsible for severe capaci- 
ty reductions in both the old and new Purex 

Salt Cycle conditions have been established 
preparation of dendritic U 0 2  deposits f rom 

plant 1 c columns. 

for the reproducible 
which the U 0 2  should 
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recoverable by remote handling methods. Some - 

success has also been had in controlling the behavior of plu- 
tonium in the Salt Cycle system. 
chlorine sparge of the electrolytic cell during U 0 2  deposition 
prevents plutonium from co-depositing with the uranium. An 
a i r  sparge, following the HCl-Cl2 treatmenr, permits the depo- 
sition of the mixed plutonium-uranium dioxide product. 

A dry hydrogen chloride- 

Calcination of compoeited Purex coating waste and Purex IWW 
waste in the radiant heat spray calciner appears attractive. 
The powder product is readily reduced to a glass upon the 
addition of 40 per cent boric acid and heating to 850 C. 

Initial pilot testing started on decontamination of Purex tank 
f a rm condensates by passing the actual plant samples through 
a bed of clinoptilolite. 
factor w a s  900 with the effluent concentration for this isotope 
well below the MPC value. 

The initial cesium decontamination 

Experiments with samples  of clinoptilolite irradiated wi th  a 
Co60 source indicated no sjgnificant change in the equilibrium 
distribution coefficient for cesium from solution contacting 
this mineral  after it had been subjected to irradiation doses 
up to 2 . 9  x 108R. 

Physics and Instrument Research and Development 

In the NPR program, fabrication of the full-scale mockup of 
the fuel failure monitor is under way, and development of the 
building radiation monitoring instruments is on schedule. An 
infrared radiation pyrometer for possible use for graphite 
temperature measurements was su c ces s fully demonstrated at 
the development stage. 
on the physics parameters  of the lattice but complete information 
in this a r ea  w i l l  require development of new techniques and work 
on these is in progress.  

Confirmatory data were obt ained 

In the nuclear safety program, experiments continued to determine 
quantities of boric acid needed to .prevent criticality in dissolving 
enriched uranium under various conditions. 
present procedures for storage of natural uranium a re  safe f rom 
a nuclear standpoint was obtained from experiments which agreed 
with ear l ie r  ones at  other sites. 

Assurance that 
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In the Plutonium Recycle Program: experimems continued to 
determine reactivity of lattices of Pu-A1 rods in ordinary water. 
These data wi l l  be useful both in the technology of recycle in 
light water reactors  and fen- nuclear safety in processing and 
storage of plutonium fuels outside of reactors .  

In the Nondestructive Testing Program work was  initiated on 
a combined ultrasonic and eddy current method for improved 
determination of clad thickness and air-gap thickness in 
unbonded fuel elements. Work also continued on the infrared 
method of thermal bond testing. 

In the atmospheric physics program, field experiments designed 
to determine dispersive capacity under certain conditions of 
unstable vertical  temperature  gradients were initiated and two 
such experiments were completed. 

In the a rea  of basic reactor physics. developments in the methods 
of treating neutron thermalization in a lattice cell  moved closer 
to a significant solution of the problem in such a cell  when the 
components a r e  at different temperatures;  investigation of 
computation methods currently used in the industry to study 
reactor  power stability revealed that under some conditions 
they may give misleadingly reassuring resul ts ;  utility of all 
reactor  computer codes wi l l  be increased by the l ibrary of 
c ros s  section information whose storage on magnetic tape was 
completed during the month; and information w a s  obtained experi- 
mentally on the fission properties of certain isotopes which 
appear in long exposure fuels. 

4. Biology 

A new chelating agent f rom Geigy Chemical, RA-491, increases 
fecal excretion of Pu. Sinze DTPA increases urinary excretion, 
the possibiXty of an effective combination of the two is suggested. 

In studies with r a t s ,  pulmonary deposition of aerosols was noted 
to be higher at  slow breathing rates .  This suggests that radiation 
workers run, not walk ,  f rom s i tes  of accidental re lease of radio- 
active particles. 

5 .  Programming 

An analysis indicates that benefits may accrue to  irradiation of 

II plutonium enriched fuel elements in reactors  with s 
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zones of fuel-moderator ra:ios. As irradiation proceeds, the 
fuel e1emenr.s would be moved batch-wise to zones with increasing 
moderator to fuel ratios.  
increased f u e l  exposures bas limited by reactivity considerations). 

Such a fuel shuffling sequence leads 70 

TECHNICAL AND OTHER SERVICES 

The analysis of data f rom an experiment designed 7.0 evaluate the effects 
on porosity and can wall thickness of canning bath temperature, vibration 
frequency, and t ime of vibratinn -.vas compler.ed. 

The mathematical model €or the reliability of N P R  safety circuits with 
respect; to unscheduled outages has been completed. 
of this model and the computation of resul ts  a r e  under way, 

The programming 

The applicability and technical feasibility of applying recommended 
sample audit procedures to the verification of spare  par ts  and stand-by 
inventory w e r e  d e:e r mined. 

There w e r e  no new cases of plutonium deposition confirmed during 
March. 
HAP0 is 249 of which 180 are currently employed. 

The total number of deposition cases that have occurred at 

No Columnaris infections were found in fish caiight in local portions of 
t,he Columbia River. 
related to the presence of flagellae. 
not been reported elsewhere. 

Toxicity caused by the microorganism might be 
Apparently this observation has 

There are 30 currently active HLO projects having combined authorized 
funds in the amount of $23, 537,  000. 
projects is $24, 651, 000. 
ahead of schedule. Of the 8 only 2 a r e  more  than 3 per  cent behind 
schedule; these a r e  CGH-790 - "High Level Radioactive Receiving and 
Storage Addition - 327 Building"? and CAH-827 - "Pressurized Gas 
Cooled Loop". It is expected That all fully authorized projects will be 
completed on schedule and within the authorized funds. 

The total estimated cost of these 
All but, 8 of the authorized projects a r e  on o r  

There w e r e  30 existing J. A. Jones Company o rde r s  at the beginning 
of the month with a total unexpended balance of $344,409. 
new orders ,  2 supplements and adjustments for underrims amounted to 
$74. 343. 
(includes C.O. Cost?. 
$262. 004. 

Fifty-two 

Expenditures during the month on HLO work were $156, 748 
Total J. A. Jones backlog at month's end was 

Twenty-nine o rde r s  were closed out during !he month. 
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The 1959 annual invent.ory of Research and Development reports  was 
completed March 25 with the fo??owing results:  9 , 9 8 0  accountable 
copies; 28 copies outsr;anding from previous years ;  2 copies outstand- 
ing This year;  or a total of 30 copies outstanding. The official resul?s 
w i l l  be reported to GE SecuriTy by month's end. 

SUPPORTING FCNC TIONS - 
Proposals for Research and Developmen: (Form 183) for the FY 1962 
Budget were s u  bmi+ted during *,he month to Contract and Accoun+,ing. 
There were 66 proposals consisting of 335 pages. 

A special request in +,he amount of $10. 000 w a s  received during 
March to fabricate plutonium test, samples for the Bettis Plant. 

There a r e  presently 191  i tems,  valved at $91, 850. currently located 
in the LaboraTory Equipment Pool. 

Dr.  Joseph Kaplan, eminent geophysicist and professor  of physics 
a t  UCLA spoke on Highlights of the IGY at a very successful Hanford 
Science Colloquium on March 22. 

Negotiations were completed and instruction began on a new graduate 
level course, N. E. 501, Nuclear Reactor Theory Laboratory. This 
is the f i r s t  complete laboratory course for college credit to be given 
using the facilities of Hanford Laboratories. Nine smdenfs  a re  enrolled. 

As of March 31, 1960, the staff of Hanford LaboraTories totalled 1300 
employees, including 618 exempt and 682 nonexempt. There were 528 
employees possessing Technical degrees. including 312 B. S. ~ 115 M. S., 
and 101 Ph.D.. 

The medical t reatmem frequency for March was 2.01 as compared with 
1.44 last monzh. There were two security violations during the month, 
bringmg the total for the yeer to date to 6 as  compared with 14 during 
the same period in 1959. 

An employee of the Radiographc Test-ing. Operation sustained a severe 
medical treatment injw.ry to his hand on March 2nd. 

Thirteen Ph. D. candidates visited Richland for interviews during March. 
Three offers were exzended to Ph. D. candidaxes, and there a r e  currently 
four offers open. Fo!.low-up visits were conducted with Chemistry and 
Chemical Engineering candidates a+. the University of Washington. 

1 2 5 2 b 1 2  
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All campus visitaxons a r e  completed for 1959-60 recruiting of BS/MS 
gradua+,es. Follow-up visi'.s were conducted a+ Oregon State. Washing:on 
and Mon7,ana State durrng March. 
been ex*,ended, wi?.h 31 accepyaces  received by mon?.h's end, and 1 2 8  
offers continuing open. 

One hundred seventy-five offers have 

Four Technical Graduates were added to the program rolls,  and 8 
accepted permanenr. assignments during March. 
Trainees were dropped for failure to maintain a 'IC" average and x a n s -  
ferred *,o more suitable employment. 

Two Technician 

An addii;ional class m Applied Creativicy was s?ar:ed to accommodate 
the nvmber of semi-technical personnel who ha-bre expressed an jnteres-: 
in ?akmg the course. 

There were 10 nonexempt vacancies filled during the month. With :he 
receipt of 18 new requisitions and 2 cancellations. +..here a r e  currently 
11 openings for which 6 candidates a r e  in process; 2 t ransfers  pendlng. 
and 3 yet to be procured. 

Final preparations were made to implement the New Nonexempt Salary 
Plan which will become effective April 11th. 

for Manager 
Hanford Labor ator ie 3 

HM Parker:pmg 



Iiyclridin,.; of Z i r c a l q - 2 .  
f o m d  ir ':hs ITPR s a c k  gas il" \rate=. leaks i r t o  the stack and coctacts 
The ncs graphite, and even the normai steady-state concmtration of hy- 
drczen IC the stack gas ma>- be 011 tke order of 0.1 percezt. Consequently, 
- h e  rz2e of hydridic.2 of Zircalcg-2 by molecular hyi!rogen i s  bein2 studied 
at. condi2ions pertinent t o  the above. 
~ d r i C i L n ~  ( in  dry hydrogen sas at  400 mm pressure and 500 C }  i s  afforded by 
8 zcod Zr02 au-kocleve f i l m ,  with variable icductior, times ranging from 
abut t i ~ c  hours t o  more C,hm 39 hours. 
be shoAened and kydridinz init ia%ed if the ZrO2 film is  broken by m y  
of 5- L\cral .- mechaisns, such as: 
( 5 )  bendhz the Zircaloy sample, o r  ( e >  thermal cycling 'ihe sample from 
503 C t o  100 C and back t o  500 C .  Although the przsecce oi" water vapor 
i;i the gas I s  effective In repairing defects i n  the protective Zr02 f i l m  
(especialig at l m e r  tmiperatures such as LOO C ) ,  carbon monoxide i s  
incch less effective.  

Scouticz tests have been conducted t o  evaluate other ccatiogs f o r  the 
Zircaloy,  including dip coats of sLuminur0, zinc, and lead, a d  copper 
plated by irruersias plating. 
stazldard autocla-,re film. 

Sip-i.ficant corxentracions of kydrcger, w i l l  be 

Tempora-y protectLon q a i n s t  hy- 

However, t h i s  icduction time c a y  

(a)  inter,+,ici.lally scratchin2 tke film, 

Carbon dioxide Is under irivesfigation. 

All of these f a i l ed  nore r a p i a y  thw- the 

In other hjdri*inZ mechar-ism studies,  an au3oclaved Zircaicy-2 wire 

f o r  20 ninut.es to 520 C d r y  H2 at 400 m of Hg. 
one-quarter-inch s e p e 2 t s  of the wire shoved the massive hyCric?ir,g 
(530C t c  20,002 ppm H )  t o  be confined 30 the first  half inch. The 
mssiv~ hybiding vas localized ii the vicini ty  of t h e  zoating defect, 
T,iit,h the hydrosen d i 3 u s i n s  along the wire as a s h a T  f ront .  VEdes 
mn?i+,ions which favcr rapid hydriding, it appears tha t  high l o z z l  hy- 
droser cor.centrations can bci ld  cp ir, the metal at a f i l m  defect cr 
scratch result in2 i n  l cca l  edr i t t l ement  while the ZircaLoy a fev 
cec%imeters ai?a,y i s  s t i l l  duct i le .  

T,'.. ,L--.. +;I one ea6 freshly cut t c  form a "windQw" f o r  hyqidinz was exposed 
HydroZen malyses of 

FkchaiicaL Properties of ZrOp Autoclave Fiims. 
resistance of ZrO2 autoclave fllms fcrmei! by different  surface pre- 
treztments tias been measured by Structural  IYlaterials Development, using 
a Tabor Abrasor mchine. 
than e tch i rq ,  p r ior  t o  autoclaving, resulted i n  a heevier autoclave 
f i l m  and a l5-fold increase In the nm5er of abrasor cycles before the 
autoclave f i l m  vas won through t o  the underlying metal. 

The relat ive zb?asior_ 

Vapor blasting the Zircaloy surface, rather 

I 2 5 2 b l t r  
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Copper Removal from Extruded Zircaloy Surfaces. 
termine whether Zircaloy would pick up hydrogen during the removal. of 
the copper coating with n i t r i c  acid. 
Zlrcsloy-2 rod covered with 10  m i l s  of copper were stripped i n  diffarent 
baths and mctallogmphicdly inspected. 
any signs of hydridi%7. 

A t e s t  was run t o  de- 

Several samples of extruded 

None of the samples exhibited 

!Be types of strippm baths tested were 3C$ n i t r i c  acid, chromic- 
sulfuric acid, and an electrolyt ic  bath using 55 n i t r i c  acid and making 
the sample anodic. 
much faster copper removal than the n i t r i c  acid, which i n  turn vas f a s t e r  
than the chromic-sulfuric acid bath. 

Of these methods, the electrolfl ic bath exhibited 

Etchin: Process f o r  ?TPR Tubes. 
developed fo r  possible application t o  XPR process tubes. 
sequence of etch, stop solution and rinses are pumped as siws through 
an inciined rotatin;: tube zontaining c short section of fJ?R process tube. 
Autoclnvin= tests of etched tube samples suggest tha t  t h i s  handling 
technique permits some simplification i n  the etchin3 process -- elimin- 
>tion ol the stop 'orstn, f o r  e x q l e .  

A continuous etching process is being 
The normal- 

- 

Recctor Decontoslincrtion. The za lvu l i c  currents betrreen ccrbon cmd 
stainlzss steel surfaces imnersed i n  a number of proprietary ecid 
c l ex~ lny  solutLons zre SeLn;; measxed i n  the 1a'oorctoi-y as 3 function 
Oi o;Fjxen coilcentration a d  rezzent velocity past the metal surr-acas. 
B e  lesser corrosion attack of Turco 4518 (o::dic acid 'c:Te) correlates 
5riti.1 ;zaerLPj lover maswed s d x m i c  currents. 

1 2 5 2 b 1 5  
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n a t u r d  .and f o m  1.732 a/o enriched uranim tensile specimens, ~ rh ich  
were irradiazed i n  NzK-f i l l e d  Zircaloy-2 cans witn rotatinl: capsules 
(GEH-14-1,2), were found t o  be broken into many pieces vhen examined. 
The remainin: pieces were twisted, warped, and had a verj  porous sur- 
face (RM-504). 

The restllts and conclusions from these t e s t s  w i l l  be reported in  connec- 
t ion v i th  the developent p r o g m s  of Fuels Design and physical Ivktal- 
l u r g  Operations. 

Sesic lletnllur,.;y Studies 

Rzdiation Effects  i n  Fissionable k t e r i a l s .  A turbo-mechanlsm hzs been 
developed that will  rotate an irradiation capsule so thac the enclosed 
specimens T r i l l  receive a r&aLly uniform exposure t o  the neutroo flux. 
rifro rotat ins  capsules and one stationaqy capsule have been irrzdiated 
and were examined in  Rzdiometallurz aurin3 the month. 
con-tained i n  the czpsules consisted of four f l a t  tensi le  specimens having 
a thickness of 0.050 inch. 
200 C ,  and iJaK vas used as a heat trznsfer medium. The irradinted 
Specimens were reno-red and observea t o  be broken into s e v e r a  pieces. 
I n  addltion, they exhibited rou$ surfaces and appreclable Srovth. The 
fractured surfaces a d  elids of the specimens appeared porous t o  the m- 
aided eye, a d  some dAnens”_onal. ins tab i l i ty  was observed. 
difference ;n zppeucnce between the spzcimens Lrrzdhted i n  the sta- 
t i ona r j  a d  the rotatinrg capsule vas that  the specLmns in  the former 
vere broken into more pieces. 

The uraaium 

The mximum calculcted fuel t eqe rz tu re  was 

m e  pr inc ipd  

Radlatfon Ef2ects in  Structural Naterials. A Zircaloy-2 tube which has 
been eqosed t o  neutron rcdiztion over a 25-month period wcs removed 
f rom the KER f ac i l i t y .  This tube and an unirradiated control are being 
mechanically tested and metdloZraphicelly exanxhed t o  determine the 
efr“ects of h i s1  neutron exposure at elevated tempratures 02 Zircaloy-2 
and t o  establish tes t inz  methods fo r  monitoring iPR txbinz. Durins the 
month two specimens from each of f ive i r r adk ted  tube sections vere . 
testzd i n  tension at 300 C .  
=id hizh duc’illity rrere exanined metcCLlosraphically and found t o  be 
par-kially recrJvxalllzed. 
from specimens talien from three segarate locations alonz the irradiated 
tube, it i s  l i ke ly  that  recqrstall izztion occurred alonz the ent i re  
portion of the tube Ti_thin the neutron f l u x .  
specimens exhibited 300 C values of tensi le  stren,rth and duc t i l i ty  of 
58,500 ps i  and 4.3 percent compared t o  room temperature values of 
96,000 psi  and 7.0 perceat. 
unirradiated specimens underwent less mi2orn deformation E t  the higher 
temperature. The highest exposure specimen exhibited the highest tensi le  
streiiSth at 300 C which amounted t o  66,000 psi  compared t o  110,000 ps i  a t  
rooin temperature. 
s2ecilrtens at 300 C vas equal t o  o r  l e s s  than the room temperature value. 

Two of the specimens e,xhl’citin= 1017 s t r e n s h  

Since recrystall ization has been obszrved 

The unirradiated control 

In addition t o  the lover duct i l i ty ,  the 

In most cases the t o t a l  elongation of the irradiated 

I 2 5 2 b l b  
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Ikchanical and phys i c a l  Properties of h t e r i a l s .  
of Zircaloy-2 are considerably improved by small amounts of residua2 
cold work. 
ence creep properties and the effects of recovery during tes t ing are 
being determined on specimens cold worked i n  the range 15 t o  45 percent. 
A series of tests at 400 C on the annealed and on the 25 and b5 percent 
cold worked material have been completed a t  s t ress  levels from 18,000 t o  
21,000 ps i .  !be results show a marked reduction i n  i n i t i a l  deformation 
and first stage creep by increasing the amourt of cold work. The second 
stage rates, however, are higher f o r  the 45 percent specimens than f o r  
the 25 percent specimens, but neither rate is as high as that, f o r  the 
annealed s p e c b n s  at 400 C. 
diffraction after creep testing. 
showed marked evidence of recovery. 
Zircaloy-2 showed considerably l e s s  evidence of recovery. 
apparent that recovery of the 45 percent cold worked material accounts 
f o r  the observed higher second stage creep rate at th i s  temperature. 
Activation energies were determined fo r  the 25 and 45 percent cold 
worked t e s t s  after the second stage creep rates were firmly established. 
The temperature w a s  increased i n  25 C increments and each new creep 
ra te  was measured. 

The creep praperties 

The extent +,o which increasing amounts of cold work infZu- 

The specimens were examined by x-ray 
The 45 percefit cd i :  worked Zircalog-2 

The 25 percent cold worked 
It is thus 

An activation energy f o r  creep of 59.7 K cal/gm-mle was determined. 
The data f o r  two 25 percent cold worked specimens md ane 45 percent 
cold worked specimen displayed no differences in  the activation energy. 
It is interesting t o  note that  the activation energy appears t o  be 
independent of cold work level.  !The p r imry  reason f o r  determining the 
activation energy on t h i s  series of specimens was t o  provide a basis f o r  
tests on creep in-reactor. 
quency factors will be used as a comparison betweer, in-reactor t e s t s  and 
ex-reactor tests. 

These rates ,  activazioll energies, and fre-  

Electron and Optical Microscopy. 
cladding and fuel material a f t e r  irradiatior, is a direct  way cf detectigg 
radiation damage in  these materials. 
vantages, since radioactivity restrictions are a minimmi. T5e prepar- 
ation of t h i c  films ard f o i l s  suita3le f o r  e leckon nicroscopy i s  con- 
tinuing. Irradiation and subsequezl-l examination of f o i l s  of aluminum 
and films prepared by vacuum evaporation or sputterirg is  prcgressing. 

Three micron diameter particles of uranium dioxide dispersed ir, th in  
evaporated f i l m s  of aluminum have been irradiated '17 a i r  f i l l e d  and 
also i n  evacuated capsules t o  exposure of 2 x 1&65 -3 x l d - 7 ,  3 x l0l8, 
4 x ld.9, 4.4 x 169 nvt (thermal). Similar irradiations have been 
performed on sputtered films of Zr@, contai,ai.ng polystyrene spheres 
and uranium dioxide evaporated a t  an angle of 15  dezrees w i t h  the Zr02; 
on sputtered Zr02 f i l m s  only; and on sputtered !IT@. 

Changes observed i n  the microstructure m-d electron d i f f r ac t im  patterns 
of uranium dioxide as a function of  irradiation exposure and irradiation 
environment a r e  entorely different, from those in  Ti102 irradiated under 

The study of the microstructure of 

Thin f i l m s  o r  f o i l s  offer ad- 



identical conditions. 
diffraction pattern of uranium dioxide becomes diffuse, whereas no 
chanze in  The films occurs. 
thin films revert t o  heterogeneous flocculent crystals, but i n  evacuated 
capsules the film reverts t o  dense rounded particles;  no change in  ThQ 

After an exposure of 4 x 1019 nvt (thermal), the 

In a i r  f i l l e d  capsules, uranium dioxide 

films other than the appearance of f iss ion fragnent trajectories ob -curs. 

Thin films of carbon and Zr@ irradiated in  close proximity t o  fission- 
able uranium and thorium atoms show f iss ion f r a p e n t  damage similar t o  
that observed in  U02 and Tho;! th in  films, namely fission fragnznt t ra -  
jectories several microns in length and 1.50 a i n  cross sectional diameters 

Zirconium oxide films formed by sputtering of zirconium yield an electron 
diffractlcn pattern unless they are heated t o  an elevated temperature Ln 
vacuum; the resultant f i l m s  are cubic ZrOg. 
been irradiated t o  exposures as high as 4.4 x ld-9 nvt. 
hlzhest exposure, the fi-lm shows crystal l ini ty  and a diffraction pattern 
which deviates somewhat from that  of cubic -02 is  obtained. 

Cold worked aluminum f o i l s  irrzdiated t o  an exposure of 3 x 1017 n-& 
(thermal) have been studied i n  the electron microscope. Dislocation 
moveEents occurred. On a qualitative basis irradiation t o  the indicated 
level has not perturbed dislocation movements. 

Such amorphous f i l m s  have 
After the 

Meta l l ic  Fuel Development 

Cluster Fuel Elements. 
has been examined. 
elements w e r e  irradiated t o  2400 &MD/T befcre charging into the ETR. 
thi rd rupture test was  terminated by a reactor shutdown because of hizh 
act ivi ty  readinzs in  the loop 33 minutes a f t e r  the defect was opened up, 
whereas the second ru9ture t e s t  ran fo r  14 hours a f t e r  the defect czp 
w a s  sheared off with no buildup of f iss ion product act ivi ty  in  the loop. 
The rupture rod from the th i rd  test  was swollen in  the region cf the 
defect so that it contacted the center rod and the two adjacent peripheral 
rods. 
of uranium were converted t o  oxide and were ei ther  washed out when the 
claddin;: s p l i t  open or vere shaken out during the process of cuttfng the 
rod. Two pieces of m e t a l l i c  uranium remaining inside the cladding in- 
dicated that cracking of the fue l  w a s  involved i n  the fai lure  mchanism. 

The ruptured rod from the th i rd  ETR rupture t e s t  
Both the second and the th i rd  rupture t e s t  fuel 

The 

The claddins was s p l i t  in  several places. An estimated 53 ,-rem 

The cluster element which ruptured In KER Loop 1 on February 8, 1960, 
has been sent t o  Radiometdlurgy for  examination. A visual examination, 
only, has been made t o  date. A scratch was seen t o  extend from one end 
of the s p l i t  in  the fai led rod fo r  about one inch along the rod surface. 
'phis scratch was filned over, indicating tha t  it had been there du rbg  
irradLation and was not made during the discharge of the cluster or 
durinz subsequent handling. 
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Tubular Fuel Elenents. 
have been completed and are  ready f o r  charging. 
inner tubes, 20 inches long, were autoclaved. One of the outers was 
rejected on the basis of a s m a l l  white oxide stringer i n  the OD clad. 
AU but two of the inner tubes, which were closed by hot heading and 
projection welding, exhibited a few white specks i n  the ID clad. One 
was sectioned longitudinally t o  obtain a better look at these spots. 
They are associated w i t h  minor galled areas and are probably caused by 
fore ign  material entrapped in  folds caused by the galling. 
is self-heding and no deeper than 0.002 inch. 
normality is innocuous, and it is recommended that the elements be charged. 

Tube/tube m e t a l l i c  fue l  elements axe being tested in  the Hanford KER 
loops. A charge of.18-inch long elements with coextruded Zircaloy-2 
clad have reached 2000 MWD/T i n  KER-2. 
with unalloyed uranium cores and two elements with uranium - two percent 
zirconium cores. Power generation in  these enriched elemects i s  130 kw/ 
f t  o r  25 watts/gm. 
is 3500 W / T .  

The tube and tube fuel elements fo r  FT IP-3OOA 
Ten each of outer and 

%e corrosion 
It is  f e l t  that  t h i s  ab- 

In t h i s  charge are two elements 

Coolant outlet  temperature i s  273 C .  Goal eqmsure 

In addition t o  these four elements, two 18-inch long elements, one 
alloyed and one unalloyed, and a 36-inch long alloyed element are being 
irradiated in  KER-4. The t h e m  conditions are similar t o  the Loop 2 
charge. Exposure of the elements i n  KER-4 is  now 1000 raJD/T. 

An NPR size tubular element was completed f o r  operation in  the ETR 6x9 
loop. 
positioning spiders so tha t  Illeasurements can be made a t e r  each ETR 
cycle. 
each cycle, photographed, measured, and r e i n s t u e d  i n  a new basket. 
Maximum heat flux i n  the element w i l l  be 1,250,000 BTU/hr/f+,2 based on 
present estimates of ETR neutron flux. 
ture w i l l  be 650 C. 

This element is 18 inches long, Zircaloy-2 clad, and f i t t e d  with 

The elemnt will be removed from the irradiation basket a f t e r  

Maximum estimated core tempera- 

A t r i a l  charge of ten KER tube-in-tube fuei  elements w a s  nondestmctively 
tested. Techniques used were the Vectorscope t e s t  f o r  ID and OD of bozh 
sizes of fue l  tube, confi,-med by borescope examinatioa. The Vectorsccpe 
appears sensitive t o  small zones of porosity, s*Lzrface roughaess, em- 
bedded par t ic les ,  or other conditions affecting *he permeability o r  
res i s t iv i ty  of the jacket metal. 
thickness, it is able t o  pinpoint tne location of e i ther  internal 31- 
external defects. In most cases defects indica-ked bv Vectorscope car_ 
be confirmed visually, externally by eye, internally by borescope. 

A IlER loop irradiation is being prepared t o  dete-mine the effect  of heat 
treating variables on the behavior of Zircaloy-2 clad tu3ular fue l .  
Coextruded material, 1.470-incIz OD x 0.400-inch I D ,  w i l l  be used as a 
single element irradiation with a sleeve t o  adjust the water flow. 
separate heat treating conditions have beer, used with these being 
characterized fo r  uranium grair, size and structure, crystallographic 
textures and clad t o  w i u m  bonds 
closure and attachment, of supports. 

In  addition to  monitoring the cladding 

Six 

The elements are prepared for  



Two Zircaloy-2 c lad ,  coexcruded I & E elements containing natural uranium 
have been assembled for  WZR i r r a d i a t i m  in the GEH-4 f ac i l i t y .  
elements are 1.470-inch OD, 0.400-inch ID, 9-inch over-all lenzth, with 
0.100-inch thick end caps electron beam welded. 
at  a calculated 95 kv/ft, 667,000 BTU/hr/f t2  maximum heat flux, 430 C 
maximum uranium temperature, and approximately 100 C c l ad  surface tem- 
perature. The zeal exposure of the t e s t  w i l l  be 1000 EYIWD/T. 

The 

The elements w i l l  operate 

Tubular fuel element components for  production test-number IP-3OOA were 
autoclaved for  69 hours a t  400 C and 1500 psiG. 
clavinz included vapor blastinz,  pr ior  t o  installation of supports, 
Collowed by the standard etch as outlined in  Rw-60433. 
mils of Zircaloy w a s  removed durinz etching. 
modified s l ight ly  in  that  the surfaces were hand brushed while in  the 
aluminum ni t ra te  stop bath. 
and only one outer tube had t o  be rejected because of white oxide f o m -  
t ion.  

Cleanin2 before auto- 

One and one-half 
The etching procedure was 

Resulting autoclave f in i sh  was  quite good 

Component Fabrication. 
successfully s t re tch straightened. 
bets  treated at 730 C for  seven minutes and then air  cooled. 
ment caused the rod t o  bov about s ix  inches in  the 72-inch l e n s h .  
there was a sli$Pi reverse bend in  the rod loczted about 15 inches in  
from one end that  was there pr ior  t o  heat t reat ins .  
about 50,000 psi. eliminated most of the six-inch bow but none of the 
reverse bend. Aload of 30,000 ps i  at an over-all temperature of 200 C 
removed all of the slx-inch bov, and a load of 30,000 psi  with a local- 
ized temperature of 200 C at  the reversed bend fu l ly  straightened the rod. 
Acceptable straightening may be accomplished by the application of heat 
and axlal stresses. Rowever, all sharp and/or reverse bends should be 
removed by r o l l  straightenins. 
straishtening should remove the non-axial residual stresses induced by 
the r o l l  straightening. 

A coextruded Zircaloy-2 clad uranium rod has been 

This t rea t -  
Also, 

Prior t o  straishtening, the rod was 

'A tensi le  load of 

The elevated temperature s t re tch 

Different behavior by heat treated and as-extruded KER inner tubing 
durinz expanding by draw sizing indicates tha t  further examination of 
t h i s  material is necessary. 
inner tube in  the as-extruded condition cracks more readily than similar 
material that  has been beta heat treated.  
uranium in  0.617-inch diameter coextruded rod is m r e  resistant t o  
cracking during draw sizing i n  the as-extruded fcrm than that  whlch has 
had a beta heat treatment. 
maximum duc t i l i ty  is  paral le l  t o  the extrusion axis. 
st ress  during rod sizing is  paral le l  t o  the extrusion axis. 
tensi le  s t ress  during tube expanding is normal t o  the extrusion axis. 
The other possibil i ty is intergranular cracking which may occur during 
the extrusion of KER inner tutular  material, and the possibil i ty that 
intergranular crackin2 i f  present may be healed by beta heat treatment. 
ExanCnation i s  now in progress of the fracture zones in  the KER inner 
as-extruded nateridl  t o  determine i f  there is any evidence of intergranular 
cracking. 

It is not k ~ o v n  why the uranium In the KER 

Rod sizicg has shown that 

Cne explanation is tha t  the direction of 
The maxi- tensi le  

'@le maximum 
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In the testing of fuel elements it is desirable t o  be able t o  cause an 
element t o  fa i l  at will. 
previouslywelded over a defect on the side of the element. 
fixtures ham been welded by electron beam vacuum welding, but t h i s  is 
a sluw and d i f f icu l t  process and the rejection rate  is  high. A method 
of resistance projection welding is  being developed which should be 
fast, economical and highly reproducible. It consists of a pre-placed 
ring projectian inserted between the fixture and the element then 
w e l d e d .  

This has been done by shearing a fixture 
These 

Closure and Joining . 
tubular fud .  e lemnts  using a 95 w/o Zr, 5 w/o Be brazing alloy. 

Work has continued on the vacuum braze closure of 
A six- 

element charge has been prepared f o r  f l o w  testing i n  the-- loops. 
An ef for t  is  being *made t o  reduce both the time and temperature of the 
brazing cycle. Using a ternaxy 85 w/o Zr-10 w/o Fe-5 w/o Be alloy be- 
tween the cap and the uranium, with regular 95 w/o Zr-5 w/o Be alloy on 
top of the cap, has been effective i n  reducing the brazing cycle t o  one 
minute at lo50 C. 
ti= even further. 
more rapid diffusion reaction between the uranium and braze alloy. 
l i t e ra ture  seazch is underway t o  determine which braze alloys have been 
investigated and the relat ive corrosion resistance of each. 
information is rather scarce, a paral le l  effor t  i s  being made in  a 
selective search f o r  low melting alloys which possess good nuclear and 
corrosion resistance properties. 
t o  investigate the braze quality on three points: 

A mom homogeneous ternary braze alloy may reduce t h i s  
The additional iron in  the ternary alloy causes a 

A 

As t h i s  

A series of t e s t  coupons vi11 be made 

1. 
2 .  
3 .  Corrosion rate  i n  300 C process water. 

Roomtemgerature strength of the Zircaloy t o  uranium bond; 
Room temperature strength of the Zircaloy t o  Zircaloy bond; and 

A projection welded end closure i s  being developed fo r  tubular fuel 
elements. 
Angeles Research Division. A production t e s t  l o t  of KER inner s i z e  
elements have been closed by t h i s  method. bktallographic examination 
indicates that  true double closure exis ts  with t w o  ring welds approxi- 
mately 0.OkO-inch wide separated by an unbonded area about 0.025 inch 
wide on ei ther  side of the uranium ring which is about 0.045 inch wide. 
The unbonded areas are separated fromthe cap a maximum of 0.005 inch. 

The welding fo r  t h i s  is  being done at  Scialcy Bros., Los 

Allied Fuel Studies. Ex-reactor t e s t s  show that  Zircaloy-2 supports 
on f u l l  sized NPR fuel elements severely scratch the autoclaved 
Zircaloy-2 process tube as the fuel elements are charged and discharged. 
These scratches nay lead t o  localized corrosion or  act as regions of 
s t ress  concentration. 
Sheffield s teel ,  a low Cr-W alloy s tee l ,  shows the best results of 
several metals and ceramics tested.  A simulated Zircaloy-2 fuel element 
support flame sprayed with a layer of the Sheffield s tee l ,  shoved ex- 
cellent w e a r  performance against an autoclaved Zircalcly-2 surface. 
This t e s t  demonstrated the feas ib i l i ty  of the method of attachment t o  
the fuel element support. Samples of the Sheffield s tee l  wear tested 

As a bearing surface fo r  the fue l  element support, 
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a f t e r  they were autoclaved i n  300 C water show as good o r  bet ter  per- 
formance than the samples tested with an oxide free surface. 
autoclave t e s t s  made i n  300 C water, corrosion compatibility of 
Zircaloy-2 and Sheffield s tee l  i n  intimate contact appears t o  be good. 
Further wear t e s t s  will be made on other metals for  the bearing surface. 
Also, wear t e s t s  will be conducted on Zircaloy-2 surfaces autoclaved 
under conditions that have been demonstrated t o  improve the abrasion 
resistance of the Zircaloy-2 film. 

From 

In-reactor swelling experiments of Zircaloy clad uranium fuel  rods 
with selected uranium temperatures, cladding thicknesses, and exposures 
are being conducted. 
and 14-105 are presently being irradiated i n  the MCR t o  extend the 
coverage of temperature, exposure, and cladding restraint .  Exposures 
and average center uraniumtempera+,ures of these capsules are, 
respectively, 2400, 1600, 1800, 2300 W / T ,  and 675, 275, 3 l O  C, 335 C .  
Goal exposures t o  as high as 5000 EWD/T have been established. 

Four swellicg capsules, GEH-14-97, 14-101, 14-103, 

Additional autoclave defect t e s t s  of coextruded fuel rods with different 
metallographic ratings of the bond have been made. 
material of numzrical rating 6 (good - )  corrodes slowly with l i t t l e  
distortion and that material of numerical rating 2 (poor - )  corrodes 
rapidly with severe distortion. These results are i n  agreement w i t h  
previous t e s t s  made on numericd rating 8 (good +) and numzrical 
rating 1 (very poor). 

The t e s t s  show that  

Autoclave defect tests have been made on coextruded fuel materials which 
have been processed through simulated end closure brazing temperature 
cycles. A brazing temperature of 1050 C and brazing time of one minute 
weakens the bond of coextruded ingot uranium (300-700 ppm C ) .  The bond 
of coextruded dingot uranium (30 ppm C )  is not affected by the same 
braze cycle. The weakening on the bond of coextruded ingot uranium may 
be caused by the formation of zirconium carbide i n  the bond at the high 
brazing temperature. 

KER size outer tubes (ingot) with brazed end caps and braze-cycle heat- 
affected bonds have been autoclave defect tested.  There is l i t t l e  
evidence that  bondkg the end cap by this method improves defect be- 
havior. 
cap i s  compensated for  by the weakened coextruded bond of the clad. 
Similar comparative t e s t s  are also being made i n  an ex-reactor loop. 

The improved corrosion resistance provided by the bonded end 

Asseniblies of fue l  specimens t o  be autoclave defect tested a f t e r  ir- 
radiation have been fabricated, tested, and shipped t o  the 100-K 
reactor area. 
assemblies by IPD in  a KER loop f a c i l i t y  is i n  progress. 

Schedulingof the loading and irradiation of these 

The f i f teen  Zircaloy-2 burst capsules tested i n  100-KE reactor at con- 
t rol led temperature and internal gas pressure were discharged and 
inspected. 
tested in-reactor were fu l ly  as ductile as controls tested ex-reactor. 
As reported previously, the in-reactor burst strength was lower than 

A brief inspection was sufficient t o  show the specimens 
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the burst strength of cortrol  specimens tested ex-reactor. This in- 
reactor strength was, however, higher than +;he tensi le  creep strength 
of rolled specimns tested ex-reaczor. Since the in-reactor burst 
strength falls below ex-reactor burst strength but above ex-reactor 
tensile creep strength, designs based on tensi le  creep are s t i l l  on 
the safe side. 

Cyclic temperature constsnt load  creep tests on uranium are i n  progress. 
The present t e s t  is operatine; between 150-450 C,  w i t h  one temperature 
cycle per day, and at  a stress of 500 ps i .  
s t r a in  occurred. 
temperature is held at 150 C.  
tizlles, but strains sufficiently on the next cycle t o  m r e  than regain 
its former length. 
has strained sufficiently t o  cause deformations which could be limiting 
i n  certain types of reactor fue i  elements (long self-supported hori- 
zontal elements or  vertical  e lemnts  subjected t o  buckli,ng forces). 

After ei@t cycles, Y 0.45 

The specimer shrinks -0.15 during these 
Over the week-ends the specimen zemains loaded and the 

Even though the load is low (500 psi) ,  the xranium 

Design Analyses and Compusations. The analytic nethod and numerical 
evaluation f o r  determining the temperatures in  the end caps of tubular 
or  plate type elements are complete. Examples of Zircaloy end caps 
twice, once, and one-fifth as thick as the uranium fuel m t e r i a l  were 
evaluated. For these cases, the central outer surface end cap fewera- 
tures are, respectively, 38, 68, and 95.5 percent of the t o t a l  tempera- 
ture drop of the fue l  material above the c o o l a ~ t .  
describing the above analyses, is complete. 

Report RW-64161, 

2. REACTOR PROGRAM 

Coolant Systems Develoymr,t 

Evaluation of Fuel EleEnts  for  &sent Reac+,ors. Nickel plated fuel 
elements are being +,ested i n  process water a% 120 C and 165 C .  Examin- 
ation of the elements sifter 12 weeks of expcsxre stlll indicated excel- 
l en t  corrosion resistance. The t e s t  at 80 C t o  evduate galvanic cor- 
rosion was discontinued after 12 weeks cf exposixre. Visual iilspection 
revealed no w m u a l  corrosion a t  defected spots, 

A t e s t  was star%ed t o  evaluate two GERI, aluminum "cermet If tubes = 

different roll ing conditions of each d l o y  are bein;: inves t ip ted .  
alloys are being tested i n  process water a t  120 C witn a flo:T velccity 
of 21 feet  per second past the coupsns. 

W e e  
The 

Decontamination of Preseat Reactors. A t e s t  i n  ELMO-6 ixdicatsd that 
carbonic acid would remove scale-con%air,ing C a  @nCi Fe coupons. To 
determine the effect  of carbonic acid on piesent reactor scale,  a t e s t  
was r u n  i n  the Single Pass Faci l i ty  at 2h2-B asin3 ac H Reac5or piz%ail .  
The C02 was ineffective, removing practical&- noae of the radioactive 
crud. A soli-ition of phosphoric acid ($1 a d  ch-omic acid (2$) aployed 
with a once-through proce3m-e on an H Reac%r p ig ta i l  prodwed a very 
low over-all decontamination factor of about shrec, 
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MPR Decontamination Studies. A section of carbon steel piping from the 
KBR Loop 1 was decontaminated with 16 Turco 4512 (inhibited phosphoric 
acid) using a single-pass technique. 
reduced essentially to zero. 

After 19 minutes, the activity was 

For decontamination of the entire I?PR system after a rupture, it appears 
that the best procedure is one using three steps: 
bicarbonate, (b) alkaline permanganate, and (c) some inhibited acid. If 
U@ aad fission products are not present in large amounts, the first step 
may be omitted. 
During the past month comparative tests were made in the IRP (Irradiated 
Rupture Prototype ) to determine the relative efficiencies of phosphoric 
acid, oxalic acid, and annnonium citrate. The phosphoric acid and arrnnonium 
citrate both effected good decontamination, and the sample surfaces 
appeared good with no excessive or localized corrosion. 
acid, the decontamination factors were about 100 for carbon and stainless 
steel and15 for Zircaloy, and corrosion of the carbon steel was about 
0.12 m i l .  The ammonium citrate effected decontamination factors of about 
100 for both the carbon and stainless steels and about 40 for Zircaloy; 
the quantitative corrosion data are not available as yet. 

(a) peroxide-carbonate- 

Several inhibited acids are being considered for step (c). 

For the phosphoric 

The results with oxalic acid are somewhat puzzling. 
factors were lower, about 40, and the surfaces were not defilmed even 
after two hours. 

The decontamination 

Decontamination of ETR Rupture Lo=. 
iment in the ETR 3x3 Loop, the loop was decontaminated using a modification 

After the most recent rupture exper- 

of the standard three-step APACE procedure. Inmediately after the rupture, 
the loop was contaminated with fission products and UOp, one portion of the 
loop reading approximately 80 R / h r .  
effect physical remm.3. of the bulk of the U@. 
natural decay resulted in considerable lowering of the activity level. 
At the start of the chemical flushes, the highest reading was 600 mr/hr. 
'Ihe first step, the peroxide-carbonate-bicarbonate, was carried out as an 
initial 15-minute recirculation followed by a 30-minute recirculation 
with fresh solution. 
was recirculated (Step 2). 
Step 3 solution containing anrmonium citrate and ethylenediamine tetra- 
acetic acid was recirculated. The activity after the final rinse was very 
low, about five mr/hr, in all spots except one which read 35 mr/hr. The 
high reading at this one location was probably due to a high background. 
The entire decontamination took 40 hours but could be cut approximately in 
half with experience and improved facilities for disposal of the active 
solutions. 

The loop was fluahed with water to 
The flushing and the 

After rinsing, the alkaline permanganate solution 
Ple loop was then rinsed again, and the find 

IIigh Flow Rate Deionization. Several tests were performed to establish 
the feasibility and operating characteristics of high flow rate deioni- 
zation systems. Results to date indicate that operations at high flow 
rates are feasible using filtered Coluxibia River water as the influent. 
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A duplex ion excharge system (cation unit followed by an anion uni t )  has 
been tested at l iquid flow rates of 25, 50, arid 75 gpm/ft2. In general, 
the effluent water quaLity has been quite good, usually ranging betveen 
4 x 105 and 7 x 1 6  ohm/cm specific resistance. This compares favorably 
with 
3 x 13 ohm/cm. System l i f a t i m s  of 8.5, 4.2, and 2.1 hours were obtained 
at flow rates of 25, 50, and 75 gpm/ft2, respectively. 
anion leakage (predominantly s i l i c i c  acid) caused premsture breakthrough 
and accounted for some decreased lifetime. 

average distilled water specific resistaxe of approximately 

A t  75 gpm/ft2, 

Tests were conducted using a mixed bed (mixed cation and anion) exchange 
unit with a r t i f i ca l ly  prepared solutions as the influent. With irifluent 
impurity concentrations of four acd 12 ppm (mC1 and NazS04) the system 
lifetimes obtained were 16.5 and 10.0 hours, res ectively. The average 
effluent specific resistance values were 1 x ,,?and 9 x 10 6 W c m ,  
respectively . 
One test was run using duplex effluent water as the mixed bed influent. 
This t e s t  was discontinued a f t e r  eight houzs without exhausting e resin. 
The average specific resistance of the effluent vas about 9 x 10 F ohmJcm. 

Fuel Element Rupture Testing. 
an NPR s ize  coextruded uranium-Zircaloy-2 outer tube, *.the isothefinal 
beta heat treatment condition at 300 C, 1600 psi ,  and about 16 fps. 
tube was defected with a 0.025-inch hole in  the side of the tube. 
ing the first rupture indication from the hylrogen detsctor, the loop was 
cooled at  the rate given f o r  the NPR. 
more than the fast-cooled pieces. 
120-mil annulus f o r  an area about oce inch by two incnes. 

One programmed shutdowc run was made using 

The 
Follow- 

The tube mphred  considerably 
The rupture had completely f i l l e d  the 

Galvanic Corrosion Tests. 
containing Zr-2 stress-crevice coupons exhibited areas cf g a l w i c  attsck 

A 3Ob stainless s tee l  s t ress  cmpon holder 

on the stainless steel at the regions of contact betveer, $he 3wo netals 
after three weeks exposure ir: CEP-4. 
v i th  pH 10 (LiOH),  deionized water. Three weekly Jecontdns t ions  with 
alkaline permanganate-sodium bisulfate had beer, made. 
three t o  f ive mils deep and about 1/16 inch wi3e armnd tehe 1/2 inch x l/8 
inch s lo ts  which holds the 2 - 2  coupons. 

This lcop was  operating az 300 C 

The a+,tack vas 

Coupons of Zr-2 which are coupled t o  Graglzi-ce by a tliZh2 mechanical join+, 
have been charged in tc  CEP-1 t o  determine whether a salvar- ic  csuple 
exis ts  between these two mater ids  dur;nz the alkaline pe -napna+e-  
oxalic acid decontaminati6n prccess. 
considered t o  minimize galling betveer, the MPR fuel s lexa ts  w-i the 
process tubes - 

Graphite fuel supports are 'ceir:: 

Struc+,ural Materials Development 

B u r s t  Tests on ICEX Tubing. Tkree =irradiated satqles c~f K!3R tiJhirLg, wi th  
about 7076 cold work, were 3tL"st +,ested a t  3CC C .  The prima,y pz-gose of 
these t e s t s  w a s  t c  evallrate, at tlevatpd re.mperat;ux, %e .necharical end 
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closures designed fo r  r a m  Temperasue testing of irradiated tubins. The 
high pressure seal is  made with a combiaatim neoprene and copper gasket. 
It was found tha t  the neoprene seals effectively a% low temperature but 
chars completely at 300 C .  
a te ly  before heating, the neoprene provides the init ial  seal  and the soft  
copper part  of the seal  takes over when the temperature increases stlffi- 
ciently t o  cause chaTing of the neoprene. 
with data l i s t e d  below. 
and fabrication history t o  the Zr-2 tube now i n  KER Loop 1 and scheduled 
f o r  removal soon. 

By pressurizing the burst t e s t  assembly moder- 

'Ihe burst t e s t s  were successful, 
These tube samples are nearly equivalent i n  size 

Test Temp., Bwsting Pressure, Percent - No. OC ps i  Elongat ion 

6.6 
5 08 
5.8 

NPR Process Tubes. 
and Harvey Aluminum Company participated i n  a pre-bid conference with AFIlC 
and GE personnel. 
cations and purchase contract terms. 

Allegheny Ludlum Steel Corp., Chase B r a s s  & Copper Co., 

The purpose of the conference w a s  t o  discuss specifi- 

Pilot  quantities of NPR pressure tubes from the above contractors have 
been inspected by Zyglo fluorescent penetrant dye a ~ d  ultrasonics with 
t e s t  resul ts  as follows: 

Test - No. of No. Df Tubes 
Tubes Tested With Indications 

11 
II If I1 19 

(0.005 17 1 
I1 13 

(inside) 18 9 
Weld Radiography 12 ' 5  

Ultrasonic (0 .003~~ Scratch. standard) 

Fluorescent penetrant (outside) 18 

Each contractor was given the above informatian, plus detailed inspection 
reports cover iq  orzly his  own product. 

Further testing showed that moderate surface conditioning t o  remove about 
0.002 inch of metal  would eliminate most defects, whereas remova l  of 
0.005 inch eliminated dl surface-defect. indications. 

Perhaps the most serious defect found in these tubes is porosity i n  the 
welds. Nothing can be done t o  remve t h i s  condition if it is found t o  
exis t .  The x-ray images of the defects, except those found i n  the last. 
two welds, have been measured with a0 optical comparator. A l l  defects, 
with the possible exception of one, would pass the specification i n  effect  
at the t i l l h e  the tubes were fabricated. However, several of the defects 
would be rejectable under the l a t e s t  revision of the specification. The 

with h is  welds 
technique w i l l  

feels  confident 
minimize or  elim- 

vendor experiencing the most diff icul ty  
tha t  recent improvellhents i n  h is  welding 
inate t h i s  problem. 
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Nothing i n  the present t e s t  results indicates 
f o r  any of the vendors i n  providing NPR tudes 
requirements. 

any iosumountable obstacle 
that will meet current RAP0 

Retubing Fkop;ram. 
have been delivered. 
final inspectian and two are in  the f ina l  processins steps. 
t ional  100-tube orders have been placed fo r  June 1 5  delivery. 

Nonmetallic k t e r i a l s  Development 

MllR Irradiations. The GEH-19 exper-zts contain ei@t graphite samples 
two each i n  four graphite holding cups. 
ferent conditions of temperature and flux with fhe Nc.  4 positior, a t  the 
most extreme condition. During disassembly of GEH-19-3, No. 3 and Nc. 4 
assemblies were nat found, the C a r r i e , -  in  the N c .  2 position was corroded 
through from the bottom (heater) side, and the No. 1 position vas intact  
and in good condition. Peripherally, the cup i n  Positions No. 1 and 2 
did not appear seriously attacked. Three samples were recovered in  a i l ,  
but the s e e  from Position No. 2 is probably no5 measurable. Investi- 
gation into the cause of the graphite loss is continuing. 

Fast Flux b i t o r i x .  
that  the integrated fast neutron flux per W / A T  i n  an annulus tube 
f a c i l i t y  is approximately one-half that  i n  a cold test hole. 
absolute value can be reported since the fast flux spectrum ir, *he arz~fius 
tube is no known. 

1017 f 0.02 nvt/(MWD/AT) using Co activation, and the cobalt cadmium mTic 
w a s  13.0 f 0.5, the indicated limits of error being the experimental 
deviations from the mean value. These improved f a s t  flux values ir,dicate 
that the temperature coefficient of the rate of radiation damage in  
graphite below 300 C is actually less  than reporzed i n  HV-47776 and other 
Hanford documents presenthg the work of annuu tube irradiations.  

A t o t a l  of 63 smooth-bore 2-2 tubes fo r  C Reactor 
Of the tubes yet t o  be delivered, 36 are awaiting 

Two addi- 

The four czps operate at  dif-  

The resul ts  of N i  ac t in t ior_  in  1573 DR, icdicated 

No accurate 

An estimate which is probably good $0 within 50 percenr 
is 2 x l$- E nvt (>  1 Mev)/(MWD/AT). Net thermal flux values were 1.3k x 

Flux Computations. 
have been completed using a mul-;i-g,-oup, orLe-dimensional, 3 i f f u i o n  type 
code. 

Fast  neutron f l u  ca3c.Lat.iors f o r  C ,  K, and IJ Reactors 

The results may be summarized as faliows: 

1. 

2 .  

3.  

me ra t io  of the integrated f a s t  f l u / ( M D / A T )  a4 K 
t o  that  at C is 1.3. 

The ra t io  of the ir,tegrai;ed fast flux/(h%iD/AT) in. t,he NPR 
t o  that  at K is 2 , 2 .  

The theoretically derived, aksolute value fo r  *he integrated 
fas neutron flux/(MJD/AT) a t  the  Y $est  hcie in C is 4-6 x 
lol z nvt (>I MW>. 

A document, HW-64393, i s  i n  greparatior, vkich w i l l  ;r,clud.e tke resulks of 
these calculatims ir, syeater de ta i l .  
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Conversicn Factor f o r  Y Test Hole, C Reactor. 
test hole data have beer, obtained at the Y t e s t  hole i n  C Reactor, a.n 
accurate kowledge of the fast flux i n  t h i s  f a c i l i t y  is  necessary t o  
intercompare rates of damage i n  off-s i te  irradiations with the old IEariford 
res ts .  

the fast f lux spectrum from the computations cited above anti a theoreti- 
cal ly  derived energy dependence of the activation cross section fo r  the 
N i - 5 8  (n, p )  CO-58 reaction. 

Since most of Haniord hot 

The f ina l ,  best estimate fo r  tha t  conversion factor i s  5.0 x Id. i? nvt (>1 &v)/(MWD/AT). This result was obtained using the siiape of 

Graphite Burnout Mozitoring. 
the center of channel 1960-C were highly pi t ted and showed a burnout ra te  
of 35 percent per lo00 operating days. Emission spectroscopy analyses of 
scrappings of the pi t ted areas indicated the presence of trace-to-moderate 
amounts of iron, vanadium, and sil icon, while gama spectroscopy showed 
the presence of iron. 
areas was c o n f i m d  by auto-radiographs. 

Samples discharged Jan- 25, 1960, frcm 

The high concentration of impurities i n  the pi t ted 

The catalytic effect  of impurities on the graphite burnout ra te  has been 
demonstrated i n  the laboratory, where the burnout ra te  of treated sapples 
(soaked overnight i n  0.001 M solution of f e r r i c  chloride and vanadium 
sulfate)  s three times greater than the control sample burncut ra te  of 
3.8 x 1CTYgq/gm-hr at  600 C i n  dry air .  The treated sample showed de- 
velopment of pi t ted areas, while the control sample was oxidized evenly. 

S a q l e s  from 3066-KE were discharged on March 20, a f t e r  thirteen months of 
exposure. 

T h e m  Hydraulic Studies 

Heat Transfer Experinrents Pertaining t o  Present Production R e a r  Fit t ings.  
HW-64396, "Hydraulic Demand Curves fo r  BDF Geometry with Enlarged Outlet 
Fittings," w a s  completed. 
data under boiling conditions f o r  an enlarged BDF outlet  f i t t i n g  assembly. 
The f i t t i n g  used probably represents an upper limit i n  enlarged f i t t i ngs  
of interest  at  the present time. This outlet  assembly c a s e d  less process 
tube pressurization than present BDF f i t t i n g s  but more pressurization than 
K Reactor outlet  assenblies. 
with t h i s  new assembly, previous experience with other geometries leads t o  
the preliminary conclusion that use of the present specification fo r  es- 
tablishing outlet  water temperature limits would lead t o  adequate reactor 
protection against inadvertent tube plugging. 

Glass Heat Transfer Test Section. !he test section using an e lec t r ica l ly  
heated rod i n  a glass tube with annular cooling was  modified t o  provide 
more precise adjustment of the tube with respect t o  the heater rod. 
i n i t i a l  runs with the modified positioning table were taken at  50, 75, and 
100 €34 under concentric conditions. A t  the 50 KW level  it had been neces- 
sary t o  increase the top annulus fromthe i n i t i a l  cold concentric position 
i n  order t o  get uniform water temperatures around the annulus. After t h i s  
i n i t i a l  adjustment, the top annulus temperature was within 1 F of the 

This report presents steady-state hydraulic 

While no transient experiments were performed 

The 
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bottom 8t 50 KW and about 2 F hotter at  100 IWo 
the power was returned t o  50 Icw f~ recheck temperatures. 
mimates after the parer was  reduced, a hot spo-t, &eveloped 221 the rod at 
12-1/2 inches from the upstream end of fhe twc-foo’; heated section. 
bowed the rod and ruptured the glass tube. 
determine wby the unexpected hot spot had developed. 

K Reactor Cross Tie Limi t .  
coolant cross t i e  system through which a reactor which has l o s t  i ts  
coolant supply me;y be proeded coolant from the other reactor of the pa i r ,  
A problem of cmcern is the case where a BPA outage t o  both reactors i s  
follared by the failure of +,he emergency electr ical  system of one of the 
reactors t o  pick up i ts  load. In this case the emergency coolant from the 
aiding reactor is small, and the coolanf supplied tc. the stricken reactor 
may be insufficient t o  prevent f ie1 element a ~ c i  process tube melting even 
though a power reduction is ini t ia ted a k m s t  Lnmediazely a f t e r  the outage. 
It is desired t o  provide a reactor power level  l i m i t  such that should the 
condition described above OCCUT, adequate cooling of the stricken reactor 
be maintained at a U  times. 

After rming at 100 KW 
About three 

This 
Investigation was started t o  

The K Reactcrs are prcvided with a complex 

For a postulated case of any emrgency s h u t d m  of a K Reactor! the follow- 
ing may be said: 

1. If flaw and heat generation rates are such that bulk steam 
generation occurs for any length of time aftjsr 5he reacfor 
is shut darn, it is l ike ly  that  excessive P ~ e l  element 
temperatures will result. 
t ing  fo excessive temperatures with 5:dic s$eam generaeion 
is the likeLihoo3 th6t met of ?he. cooling water . w i l l  pass 
through the lower tubes and leave the upper tubes kprived 
of coolant. However, a calculation of the ce,rtainty an3 
the extent of any damage is very complicatei, arci +,he resuits 
are subject t o  considerable error. 

Gne of the mairr facfors con5ri3u- 

2. The analysis of shutdom csolicg carxliticxs car, be -p-rformed 
with corsiderablz co-nfiience if flaw e3. k a t  generaricn 
rates are eucl tha$ no bulk s t e m  gemraTior. occixs &?~r 
the reactor is shur down. Foz such cases, i n f t i a l  qczating 
levels f o r  the reactor can be ace - r r ak ly  es%ablishe.i ?c 
provi9e my kgsee  of protecsior desiredL 

- 
bond defect upon tg% +,empcrav;re ~3,iatriS;.ltlor-, withils a tyE ica l  Hanford 
I & E fuel  elemnt during i-rradiation vas coapl~sei a n i  repo*,ed in  
HW-64436. The c d c d a t i o n s  were rest-icc,ai tc t h ~  ccr-sidera*iori, of 
square defects ranging x size from 0,0625 50 f,zr sipare centimet,erz 
acd specific Fowess ra.tigirg f r s m  10 tc 120 kiimaTts per f w t 3  
sulting temperature f ie lds  f c r  Cefec  zsrr;tx+;m.ee zcefficienzs s? 0,  
6,000, and 10,000 BTU/hr, ft2, OF w e x  cmputec!  with th? aid of ar. 
IBM 7G9 d ig i ta l  computJer e.mployir,rr c% cmvGr.tioza; noixLsr aca;’y:is\ 

73-e ye- 

Gri~y 
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the direct  effects of a defect of bond were investigated, and no consider- 
ation was given t o  the simultaneous occurrences of incidental conditions 
such as eccentric or skew misalignment of the fuel  element in  the process 
tube and s t r ia t ion  of the coolant. 

The results show that without exception the maximum aluminum jacket 
temperature is attained at  a point locat.ed immediately adjacent t o  the 
defect i n  a cross-section coincident with tha t  of the geomtric center 
of the defect. 
i a te ly  above the defect as was expected. 
maximum uraniumtemperature was  found t o  be a strong function of the 
defect size and conduction coefficient. With defect sizes exceeding 
0.6 cn? t h i s  maximum Gways occurred within %he outer 0.025 t o  0.100 inch 
of the uranium core on the radius tho-  the center of the defect. 
Typical values obtained f o r  maximum jacket temperature and maximum uranium 
temperature are 118 F and 880 F, respectively, for  conditions of 80 KW/ft 
and 0 BTU/hr, f't2, OF with a defect size of 2.25 cm2. 

The minimum aluminum +,emperatwe always occurred imned- 
The point of attainment of the 

The method used i n  th i s  analysis yielded temperatures which were consid- 
erably below those of an ea r l i e r  investigation (CP-1319). 
fo r  t h i s  can be attr ibuted mainly t o  the fact  t ha t  t h i s  earlier work 
considered only a solid cy l indr icd  fuel  element while the present con- 
siders the I 6 E element. 

The reason 

Laboratory E q u i p n t .  
and heat transfer capabili t ies of the 189-~ high pressure heat transfer 
apparatus was completed. Modifications completed t o  date w i l l  a l l o w  com- 
pletion of steady s t a t e  heat transfer experiments f o r  NPR while equipment 
t o  be installed during the remaining phase of the project w i l l  allow 
transient experiments t o  be performed. 

The first phase of the project t o  increase the flow 

Minor d i f f icu l t ies  were experienced with the two new preheaters i n  that 
the heating elements d i sp l apd  a law e lec t r ica l  resistance t o  ground. 
Following the manufacturer's suggestion tha t  the insulation could pick up 
moisture during transportation, a pa r t i a l  e lectr ical  load was applied t o .  
dry out the heaters. 

Shielding Studies 

Neutron Attenustion bkasurem=nts. 
measured removal cross sections obtained recently in  the Shield Facil i ty.  

The foliowing table summarizes the 

hkasured Fast Neutron Cross Sections (crn-11 

Bake Temp., Ferrophosphorus Ordinary Iron-SerpeEtine Iron-Serpentine 
OC (300 lb/f t3)  (150 lb / f t3)  (265 lb/ft3) (210 lb / f t3)  

As Cured 0.131 0.0780 
100 0 .la 0 * 0735 

300 -- 0.0702 
200 G ,117 0.0724 

320 0.114 

0.124 
0.113 

0.110 
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The 265 lb/f%3 iron-serpentine concrete was placed i n  the shield f a c i l i t y  
fo r  i r radiat ian after being baked at 320 C. 
concrete w a ~  removed fromthe shield f a c i l i t y  and i s  being baked a t  320 C .  

The 210 1b/ft3 iron-serpen$ice 

The Argonne Laboratories have completed the assembly of the neutron re- 
coi l  counter t o  be used i n  the shielding program. It is expected t c  be 
used t o  evaluate several different resonance energy neutrm flruces a t  
Hanford. 

Camnna response calibrations up t o  80,000 R / h r  on cine aluminum shell  ion 
chauibers f o r  use i n  the shielding program have been completed. 

Design and Component T e s t i q  

NPR charg* %chine. Developlpent of a quick disconnect magazine end cap 
has started. 
quiry has been made into obtaining 54-foot long stainless s tee l  tubes for  
the magazine. 

Two assemblies are being drawn priGr t o  fabricating. In- 

B .  WEARXS - 3000 PROGRAM 

Research and development in the f ie ld  of plutonium metallurgy continued in  
support of the Hanford 234-5 Building Operations and weapons developrPent 
programs of the University of California Lawrence Radiation Laboratory 
(Project Whitney). 
distribution lists appropriate t o  weapons development work. 

Details of these ac t iv i t ies  are reported separately v i a  
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Plu+ocium Fuels Developmzt 

PRTR Pel Fabrica%ias. 
clusters required f o r  the i n i t i a l  spike emichmect 1oadi.a.g of the PliTR 
is  vi,ptually complete with +he exception of etch-@;, wire capping, 
ani! autoclaving. 

After swaging and sfraightening, the Zircaloy Wbss were cut t o  l e e h ,  
couterbored, an4 the imide  diameC,er was treat.ed With emery t o  remove 
azly burrs which ia3erferred with loadiog. The tu5es were then cleaned 
and f i rs t  end caps were welded into 757 tubes. 

Enough castings were made f o r  978 cores and fromthese a t o t a l  of 859 
cores were extnded. Of these, 797 were straigktened, cut t c  length, 
and gauged. It was 9.ecessary %c d r a w  282 of these cores t o  f ina l  di- 
Ensions f o r  assembly into undersized tubes. S i x  hundred and thir ty-  
four rods w e r e  assenibled, welded, and leak checked. 
extras, t h i s  is  the mmber require8 t o  fabricate 30 elements. Elevec 
cores stuck part  way i n  the tcbes during assenibly cauing  '&ern t o  be 
rejected. 
Leaks were detected i n  fouz rods during the f i r s t  h e l i - a l e &  check 
with three of the leaks due $0 stricgers through the end caps and the 
leak in +&e other oze cot yet located. 

Fabrication of the f i rs t  tki-rty 19-rod Pu-A1 

Allowing fo r  a few 

only two have stuck since a graphite lubricant has been used. 

m e n s i v e  effor t  has been expended i~ developing reliable stcdards fo r  
the ultrasoriic t e s t a  of ciadding in+egrity. 
using machined specirPens with fabricated cracks and by using actual 
sections of tubing, which Were related t o  metallographic measurements of 
defects giving similar ultrasmic indications. The results of t h i s  
standardization indicate that the ultrasonic tes t ing techzlique can detect 
a 10-mil defect in a O.O3O inch wall. Zircaloy tube t o  an accuracy 02 
aboGt plus 02 minus one ;nil. 
have been tested t c  date. 
nine m i l s  deep or greater; 4$ had cracks between five and nice mils; and 
only 7"$ did not have defects greater t h a  f ive m i l s .  
been predicted previcmly on the basis of a metallographic examination 
of the C,ubing. Became of the poor quality of tubing available fo r  t h i s  
fabrication, it has been decided t o  use these first thi,-C,y elements fo r  
c r i t i ca l  testing o s y .  Better quality tubing TJill become available i n  
about May, and the elements will then ei ther  be recanned o r  refabricated 
fo r  power Gperatiorl cf the reactor. 

Standards were made by 

It is  on t h i s  basis, then, that 403 rods 
Of those testee2, 89$ had uitrasonic indications 

These results had 

Ccnsiderable difficulty has Seen encc i te red  with the water deionizer i n  
the PFTP during the past monhb. 
water f o r  e t chbg  arid autoclaving has delayed completion of the elements 

The resviting lack of adequate deionized 
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by about three weeks and has created additional work because some of the 
rods have required sandblasting and re-etching. 
have been ewr ienced ,  and the autoclaves have become contaminated w i t h  
resin fromthe deionizer which decnmposed when the vessels were heated. 
It xss necessary t o  sandblast the inside surfaces of the two vessels t o  
remove the contaminates. A large capacity deionizer i s  being purchased 
t o  remedy this problem. 

Poor etching results 

Fabrication Development. 
extrusion b i l l e t s  which w i l l  improve casting efficiency. With the new 

A new mold is being designed fo r  PRTR Al-Pu 

mold two b i l l e t s  will be poured-simultaneo&y, but provisiocs i n  the 
design of the mold w i l l  al low f o r  the interconnecting of several mclda 
of the same basic design so that twelve bil lets may be cast simultaneously 
when there is sufficient mi%izq capacity. 

Crushable MgO swaging tubing, 1/2" OD, 1/8" ID, 3" lo rg  with the center 
hole f i l led with U@ parder as a stand-in fo r  KO2 was  swage reduced 
inside of Zr tubing t o  different diameters t o  dete-rmine compaction char- 
acter is t ics .  This propcsed technique has vslue as a self-shlelded fuel  
of greater heat transfer surface. 
the oxides so that  sectioning and sanding of the composite assenibly d id  
not dislodge any of the ceramics. 
assemblies that  w e r e  reduced 5 6 ,  the MgO and contained U02 cnunbled and 
f e l l  out of the sheathing. 

A 754 reduction scf'ficiently densified 

When the ends were cut off of 

Fuel Evaluation. 
19-rod cluster which w a s  irradiated t o  a burnout of 60 percent of the Ai 

Examination of the four-foot lcng Zircaloy clad Al-FJ 

atoms is continuing. As reported previously, the quick disconrect end 
caps were disengaged and the cluster was disassenibled by mean3 of manipu- 
la tors  i n  the hot ce l l .  It was thought at first,  tha t  the fops of two 
end caps had broken, but a closer examinat-ion revealed that the quick 
disconnects on two of the rods had separated fromthe top end bracket. 
The hel ical  wire wraps on the rods had Icoser,ed even though the si;air-ess 
steel bands which held the c l u s t e r  togezher were s t i l l  tight,,. The laoaen- 
i n g  of the spacing wires w a s  probably due t c  over-straining during atfacb- 
ment. 
protective black oxide coating w a s  udsmaged. 
was straight and visually unchanged. 
warpage, and it appears that  all are warped to EGXE extent but it was 
di f f icu l t  t o  precisely determine the amount because of interfexaxe by 
the loose w i r P s .  However, the warpage, fully restrair-e3 ir- tke baridea 
cluster, varied from 1/16 t o  1/4 of an inch over the 36-iccL lergfh of 
a single rod. 
the diamztral gap be%weeo the core and cladding was not clssely COR- 
t rol led by the swage sizing zeckique and tnaf, 2000 psig (+he operaficg 
pressure of the experiment) would collapse th5 cladding an3 p-omose Inter- 
action between the core ard  cladding. 

A IIletallographic sample was taken f rgm the cent,er sectior of tk-e cenyer 
rod, one rod fromthe six-rod ring, an3 on2 r o d  from the 12-rod ring+ 
!they were also sec t ioml  OG the end tc measwre +he a t w ~ t  of end gar 

No abrasion of the rods 5y the loose wires was observed since the 
&tierwise the banded cluster 

Each of ske 19 rods was examined f o r  

The warp problem was prabably agZrava%ed hy $he fact, That 
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It was found that a l l  cf tk gap was at. the top of the rods i r i l i ca t iog  
tha t  +.Le cores were l c m e  in  +ke c a m  and had se t t le5  ts t h e  bottorri, 
&asuremen+,s w i l l  ticw ke mafic, tc deterrmrE i f  the amom+ of er,d gap 
has char;gsd. 
mina'liom w i l l  be made o r  -the CSE mtsrisl. 

Examication of the 16 irrdiat5ri ~1-h and ~i - 12 w/c Si-Pu UGY 
capsules (GEH-14-5 tkough 12 a& GEH-14-42 tk;rcu& k 9 )  is cuxrreritly 
ir, progress. The specimens caneair" 5, 10, 15, and 2C w/s Ri and were 
subjected t o  0.1 a/o and 0.2 a/c b-m!xit. 
the dejacketed ~1-h e o y  fuei x r e s  which had 3.1% b u ~ x m  cs Total 
atcms were completed and are as fdlows: 

&talLsgraphic exanination, dersity,  wA3. hardness ikser- 

Dimensioral measGremerts CL 

Dimecsiozlal Changes on F%el Cores* 
GEH-14 A Diameter ( i n  1 

N c  Fuel a o y  Tcp Bo-ctac A Length ( i n . )  V a l m  (%) 

8 AI.+ W/O RZ 0.0028 0.0027 0 e 0113 2.7 - 2.8 
1.1 - 2.6 5 

2.5 - 3.4 9 
&-io W/O pu 0.0006 0 .~025  0 0116 

0.9 - 1.7 Al-15 w/o Pu 0~0006 c.. m16 0 ' OOgC 
10 AI.-20 w/o c.E?~ 0.0036 0 3112 

*Fuel cores are about 0.5 inck fiim+ve,r by i.98 inches long. 

The examination of the 24 irradiate5 U@-Pu@ capsules was r e s t r i c t s d  
during the month t o  dimensional measuremnts only and photographs of the 
clad specimens. 
operating and available, the specimens w i l l  be punctured. 
step is completed, the o+,her planned examination work may proceed. 

As soon as the f iss ion gas collection equipmeI;t is  
After this. 

U02 -1 Development 

PRTR Fuel Elements. 
and operation of the PRTR were completed. Fif'ty-six are Class I elements 
fo r  full power operation, while U are Class I1 for c r i t i c a l i t y  t e s t s  acd 
spares. 
zerc power design tes.t;s ordy. 
the vibratory compacr,ion process, the remainder by cola s-imgir-g. 

The 72 U02 fuel elenrents needed fo r  startup f e s t s  

The other f ive are Class I11 elements which w i l l  be med fo r  
One of the Class I elements was &e by 

The over-all yield fo r  fue l  elements fabricazed by the swaging pracess 
w a s  70.8 percent 
1959 and February 1, 1960. 
f0-h quar$er.of~-Crd;1959-&1@ resulted i n  the highes? yield, 80.2 percent. 
Principd. causes of rejection w e r e  swaging marks deteezed, and defects 
such as internal cracks in  the Wrcaloy claddilzg. 

A t o t a l  of 2,168 sods were swage6 between Janwry 1 
Nearly one-Wf of these were swage6 during ths 

With completion of the swaged fue l  e lemnts  f o r  the PRTR, prograh emphasis 
has been gradually shifted t o  research and development s td ies  of other 
fuels. 
to fuel  assemblies cf the rod bmdle ar~d aes%ed tubular types. h d i f i -  
cations are being made t o  hot. swaging equipment t o  pe-rmit e i ther  inductim 

For example, the vibrational compaction process is being applied 
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o r  resistance heating, and fue l  capsules and prototype elemects are being 
prepared f o r  a variety of irradiation experiments. 

Fabrication Development. 
fabricated by vibrational compactiorr w a s  completed. 

The first PRTR l9-rod cluster fuel element 
The individusl 

fuel rods consist of fused UO2 compacted in  Zircaloy-2 tubes, 0.563- 
inch 0 x O.03O-inch wall thickness x 89-1/2 imhes long. 
size distribution of the fused U@ w a s :  

The p a z i c l e  

Size bksh Weight Percent 

The U% compacted t o  89 percent of the theoretical U@ density. 
t ional  compaction of electrolytically reduced U@ obtained via the 
Chemical Research and Developmen+, Operation's salt cycle process, is  
also being investigated. 

Vibra- 

I n i t i a l  aperation of the "Magnetic-Force" Resistacce Butt Welder at the 
vendor's plant w a s  observed. 
a two-week delay ic delivery of the machine. 
the equipment w i l l  al low very effective fue l  rod closure procedures. 
The f'uel rods may be evacuated and backfillec? pr ior  %o closure w i t h  any 
desired g& atmosphere. 
used t o  protect Zircalcy during welding is  not required with t h i s  equipment. 

The Thermatool rib welder w a s  installed.  
several problems which must be resclved t o  produce adequazely strong, 
corrosion resistant welds between Zircalcy ribs and tubing. 
are being developed t o  continuously weld sp i ra l  r iks  OE RTR fae l  eleaerl5s. 

A minor equipment design change will cause 
The general arrangement of 

The vacuum or  iner5 gas atmosphere, ~o rma3 .1~  

I n i t i a l  opem+ia,r, rwealed 

Teskmiques 

Experiments were performe3 t o  determice $he feas ib i l i ty  of swaging w i f t  
a solid lubricant rather shan with +,he l iquid lubricant Freser,%ly being 
used. 
coated with Electrofilm 7 7 - 5 ,  a hi& load so l id  lubricul t ,  and several 
Zircaloy-2 clad, U@ fuel rcds were swaged. 
relatively good. The soiid lubricant, however, began t3 break  cff the 
dies after several passes, 
applying the lubrican? t o  tne die surfaces may alleviate t h i s  problem.. 

The relationskip between the rjptical density of U02 a i d  the PS-Sn alloy 
system with respect t o  CO-60 gamma radiation was establisted f o r  U02 
densities ranging from 70 percent t o  93 percent gf sheore+,ical densityP.. 
Density standards 3f my geometry desired f o r  ase wi+?i +he gamma ab- 
sorptometer can now be fabricazed very quickly by sinply castizg a 
series of Pb-Sn alloys. 

The impact surfaces of a set  of swagicg dies were chemically I 

Swag~d sod suzfaczs were 

It ifi believed that better teckiques of 
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Aluminum CorrosionG 
have now beeri i n  t e s t  in  360 C deionized water fo r  two t o  s ix  months and 
show l i t t l e  additional penetmtior; af ter  the first ten days of expostu-e. 
All of %hese alloys were cast using 99.9954 base a l m m .  
data from f o c  melts each of the 1.5% Fe, 1.5$ N i ;  ~ 8 %  Fe, 1.8 N i ;  am3 
2.1% Fs, 0.6!$ N i  hi 99.995$ base aluminum have shorn that these "super" 
alloys can be consistently cast w i t h  confidecca i n  obtaining the desired 
corrosior characteristics i n  360 C water. 
are on the order of 0 -2 m i l  

The three compositions mentimed above kave been fornnxlat.ed mifig 99.999$, 
99.995$1~ and 99.95% pure base aluminum. 
month in  360 C water have shown no dependence on base metal purity in  
th i s  range. 

Heat Treating of Al-Fe-Ni Alloys. 
M-400 (1% N i ,  1% Fe) alumin-m alloys have indicated that  heating these 
alloys a t  550 C fo r  longer than six hours has a detrimental effect  3n 
the i r  corrosion resistance. Howeve:, the new "super" aluminum a l l o y s ,  
heat treated three weeks at 550 C, show no increase i n  penetration over 
non-heat treated material a f t e r  one month in  tes t .  hktallography of the 
heat treated samples shows tha t  the second phase material is s tar t ing t o  
coalesce but agpareatly has not progressed t o  a detrimental point. 
term t e s t s  are in  progress. 

A number of experimental new "saper" al~uIllnm alloys 

One mon+,h's 

Penetrations of these alleys 

The corrmion resul ts  affer  one 

Tests OK x-8001 (1% N i  , 0.5$ Fe) and 

Lo3ger 

Steam Rase  Corrosion of Al-Fe-Ni Alloys. 
tested f o r  short times i n  500 C ,  1000 psi  steam. 

Three super alloys have been 
All seveE samples of 

the l .5$ Fe, 1.4$ N i  alloy-were-completely destroyed a f t e r  17 hours. 
'Three out of seven 1.8$ Fe, 1.6 N i  samples were  half-destroyed in  17 
hours and +,he remaining four were s t i l l  good after 41 hours. One out of 
seven 2.1% Fe, 0.64s N i  samples was half-destroyed i n  17 hours; the res t ,  
s t i l l  goo6 af te r  41 hours. As these results indicate an increasing re- 
sistance t o  catastrophic attack w i t h  increasing iron content, alloys of 
2.55 Fe, 0.644 N i  and 3 . 6  Fe, C.645 N i  are being fabricated and w i l l  be 
tested. 

Corrosion of x-8001 Aluminum. Additiomd corrosion data have been ob- 
tained on X-8001 exposed t o  300 C wat-er adjusted t o  a pH of 4.5 with C02. 
After 540 hours, penetratiorzs ranged from G.7 t o  1.2 m i l s  at velocities 
of 20 t o  60 fps .  
show a rate  of 0.80 mil /mo at velocities of 20 t o  30 f p s  and 1.4 m i l / m o  
at 60 f p s .  

llre slopes of the corrcsion curves after 540 hours 

Fretting Corrosion of 22-2. Flow t e s t s  are being des iped  t o  evaluate 
the extent of f re t t ing corrosion whict may be expected OII fuel  and process 
tubes in  the PRTR. One t e s t  ic CEP-2 which has been started employs a 
small-scale mock-up of the PRTR geometry. 
w i l l  stark as soor; as the necessary coqonents can be obtained, probably 
by May 1. ' 

In ELMO-7, a f u l l  scale t e s t  
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Structural  Materials Developmen+, 

PEiTR Process Tube Mnitorinq. 
monitoring device, incorporating a TV camera and diameter rceasurins 
instnurent is about 50$ complete. 
the TV camera, and a work authorization has beer, issued t o  Systems Research 
Operation fo r  developmxit of the inside diameter measuring instrument. 
S t a t i s t i ca l  estimates are being made of the aptimum schedule and frequency 
f o r  inspectirig the pressure tubes &fer reactor &artup. A te le-  
vision canera f o r  developnent of methods arid imest igat ion of problems in  
visually examining process tubes by closed c i rcu i t  +,elevision has been 
rented and is now or,-site. 
examine the process tube i n  the sinzle tube prototype f a c i l i t y  and +,kz 
process %ube used f o r  bowed fue l  element discharze t e s t s .  %-e equipment 
w i l l  also be used fcr  more detailed e::ariLnstion of f lve  tubes w i t h  ques- 
tionable autoclave f i l m s  and F i t s  vhich were obsarved by borescope exan- 
inat  ion. - 

Desigr- of the Mark I prototype process tube 

A purchase order has beer?- issued f o r  

This equipment w i l l  be used i n i t i a l l y  t o  

Radiometallurm Laborato-ry Studies 

A four-foot long 19-rod cluster  of 1.e a/o AL-PI; al ioy and a defected U02 
fue l  rod (GEH-4-39) were examined following ETR loop irradiations.  
92.9$ theoretical  decsisy U02 sanple which w a s  irradiat;eci t o  a calculated 
160 W / T  was anneded f o r  six hours at 850 C, fracTurcd, and a replica 
the= made. 
the customer (RM-604). 
w i l l  be reported in  comection with the research and develcpmect prc;l;rmls 
of Ceranic Fuels and Plutonium ktallurr? Operatiocs. 

A 

X-ray pawder samples irere mounted on f ibres  and subniitted f o  
The results and conclusions from these examinatiocs 

Thermal Hyydraulics Sfudies 

Protection Against Icadequate Coolin2 of Fuel ELLemeits i n  PRTR Frocesc 
Tubes w i t h  Srcali Leaks. 
indivLdual xu5e high floiJ tr lps t o  = u r d  against prcccss tube mptures . 
Implied i n  th i s ,  hoEver, is  the assumption that a leak iE a process tdx 
which would reduce the f lov i n  the t - d e  t o  rlanze-=.ous -mlues vculi  cause 
the total flow t h r o q k  the monitor t: increase saff lc ient ly  t o  efrect  +he 
hizk f l o v  t r i p .  
as;umption is  not necessarily t ruz.  
they should occur, vhick w m l d  reduce :he flow tr.hr%lc;h the +iibe tG -$&Lee 
belaw any which have beeri experimentally shorn TO be 32fz and t rhich SUSE 

such a small iricrease i x  +,o'crzl f l o v  5hrouzk t h e  flm m c \ r . i t ? r  that use of 
a high flow t r i p  f o r  protectio-c : r ~ u l d  b e  du3ious. 

The problem ar ises  from the fact  thaT the irle+ ;igir-z- u-clttdinr: the 
or i f ice ,  of a F'RTR process C U ~ T  has a r d a s i v e l y  large F x s s u r e  lroF 
compared w i t h  tne pressure dray a C i - O s S  the hezted secr,-cr!. ,mi? ou?lef, 
piping. 
occur from a s m a l l  leak frclm t k  C,ube, ~ i o u l i  causz a reLa:-LTrely l a r ~ e  
press-are drop acrms +he i a l e t  pipinz,  a d ,  ccnsequcntly 
large decrease i n  pressTAre c l r q  arid flow s i x ~ y l x d  +ic the h e a + d  s z c t l o f i .  

Present PRTR opel-atinz procedures s t ipulate  as? of 

Ar, analysis of t h i s  cocdi$ion r eveas  +hat the  above 
There do exist  small l?ak sizes, i f  

A sinall ilrLcnease Ln flow tlirou,h the ;lcw l;~mt3r, s ~ c k  as wc113 

a rel2-t i v d y  
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The analysis made use of two-pbase flow, pressure drop calculations which 
are somewhat crude. However, the analysis does shov that if a leak 
equivalenCI t o  a hole about 0.31 inch i r i  diameter shculd occur downstream 
of the orifice,  the f l o w  throzgh the tube downstream of the leak wo1Ld 
f a l l  below the rate  experimentally shown t o  be safe, but the i;ot.al flow 
though the tube would  increase t o  only about 106 of normal. 
t r i p  set  t h i s  close t o  no& aperating con&itions woU9 undoubtedly 
result in many spurious shutdowns. 
about 0.56 inch, the t;otal fiow would increase t o  about 122s of n 0 - W  
and backward f l o w  through the tube would be sufficient t o  provide adequate 
cool ing . 

A hi& flow 

If the leak size were as large as 

The range of leak sizes which could resul t  i n  reactor damage and which 
would be d i f f icu l t  t o  defect with a high flow t r i p  i s  not large and the 
probability of the i r  occurring may be small. However, protection must 
be provided, and several protection schemes are =der consideration. 

PRTR Project Mauagemenf and Design 

Phase 111 PRTR Contract. 
completed versus a scheduled 65&, based on the revised contractor's 

The Phase 111 contract is  estimated t o  be 65% 

schedule. 
a scheduled 8276. 

Over-all  PRTR pro jec t - i s  estimated t o  be 82$ complete versus 

The pre-placed heavy aggregate conc,rete work has been completed. 
thermal shield blocks have been installed in the reactor core assembly, 
and the cooling coi l  connections are being made. 

The 

Core Components. 
portion of the calaadria has disclosed five leaking weld seams. Arrange- 
ments have been made for  the Phase I11 contractor t o  repair  the defective 
welds. 
sniffer leak tes t ing of the bottom primary shield disclosed no leaks. 

Helium sniffer  leak testing of the moderator vessel 

The reflector vessel has not been leak tested yet. Halogec 

The shot has been installed i n  the core region of the bottom shield 
pr ior  t o  instal la t ion.  
be added t o  the annular region of the shield af%er it has been placed 
in  position because the reactor building crane cannot l i f t  the shields 
when completely f i l l e d  with shot. 

Remainder of the chilled iron shot f i l l i n g  w i l l  

The water softener tanks are being installed.  
handler rails is i n  progress. 

Installation of the fuel 

PRTR Stack Addition. 

Process Piping . Structurai support drawings for  the steam generator were 
revised t o  incorporate (1) grouting of the main support assembly ceiling 
attachment pads fo r  uniform bearing, ( 2 )  pre-stressing of ceiling attach- 
ment bolts,  and ( 3 )  substitution of heavier duty constant-force support 
hangers acting t o  counterbalance the weight of the unit during thermal 
expansion movement. 

The PFlTR stack contract has been completed. 

Design modifications were completed f o r  instal la t ion 
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of a rupture disc i n  the wedge of the &inch motcr operated gate Val- 
i n  the main in le t  piping t o  the steam generator. 
intended t o  avoid any possibil i ty of isolating heat sources from pressure 
rel ief  devices and cooling equipment, wbile retaining necessary sealire; 
fo r  maintenance and emergency l igh t  water ir,jection. 

This modification is 

Design Developmnt and Research Coctrac+, DDR-79 with Electric Boat Div- 
ision of Genera3 Dynamics Corporation was modif ied t o  include a dynamic 
(earthquake shock) analysis of primary coolant system piping. 

B i d s  w e r e  received dwing the report period f o r  PRTR ioc. e x c h q e  resins 
and portable disposable ion exchange units. 
Water Treatment Compar;3r f o r  bulk resin w a s  accepted, and an engineering 
review and analysis of the su5mittal  on portable miCs is i n  prcgress at 
month's end. 

me l ~ w  bid of I l l ino is  

Process tubes and, nozzles are being assembled and tes te3 by the con*ractor. 
ATP's on hydrostatic tes t ing and helium leak testing have commenced. me 
assemblies a U  indicate a s m a l l  amount of leakage an the heliumleak t e s t  
but usually not enough t o  interfere wiSh checking velds OIZ the Gozzles. 

Instrumentation and Control. 
shielding and s-ling system (mechanical porkion) were sent out forp bids. 

The specifications of the ruptuze m c i t o r  

These bids are due during fhe second week of April. 

The vendor building the rupture monitor electronics system has requested 
a delay in  delivery date. 
on his  revised schedule. 
fhe rupture monitor system is ncjt being installed by ths Rase I11 con- 
t ractor  e 

Delivery is expected aboll+, the mdUc CZ April 
Tkis delay i s  expecyed t o  preszn': PO pxblzm since 

A blower was placed on order for use w i 5 t  the gas mist~-e det5c:ioc 
system t o  replace m e  offered by the Phase I11 concsactcjr which was c o t  
satisfaczory fo r  i16e io t h i s  system. 

Connectors a n i  cs5le 9cr a+,tachment 70 +,he shim c o ~ ~ t n o l  uriits have been 
receives. 
have beer, p rqared  a d  strbnristed t o  the Phase I11 C C ? ~ ~ T S C C O T ~  

Fuel Handler. 
of damage incurred dunr .g  various t e s t k g  oper8TioE.r- 
ponerts are being prccxed f o r  an a l+ :cn&e  pawer suzpiy tc +ke dlscharge 
hoist .  
handling a fuel  elemec5 arid prccess tube ?cogsther 

Assembly procedures for the special cables ani cmniccto-cs 

New sf;roiAa are being made f o r  r,ke f u e l  tiiz.?le-r Secsuse 
ElectricSi? com- 

Blower speed has been rec?uced 1 6  f c  prewn? S-ErLGaiizg &ec 

Fuel Element Examir,afion Facil i ty.  A l l  the cas': ir% shiei3r-z  blocks 
and all the plws e x c q t  on2 vie.wirLg plug have bew rezciv?dL 
blccks have beer- ins+alled. A minor amourst of csr,cret$ ckipFing vas 
necessary before the w a l l  blccka coul3 be l m e r s i l  'hrougr, tl-5 f l o s r  
opening - 

E c  wall 



A- 27 

The W. F. and John Barnes Company i s  eqeriencing diff icul ty  ic securing 
sound aluminm castings f o r  the fzame and gear hous iqs  of the primary 
maaipulator. 
determine the feas ib i l i ty  of obtaining the specified finish.  
selected areas can be successfully finished, the remainder of the frame 
w i l l  be Illadiined. 

The d i f f icu l t ies  with +&e alun;inum castings have resulted i n  an exten- 
sion of the scheduled coapletim dates. 
depend on the solutior, t o  the surface f inish problem. 

The f i r s t  t e s t  of the second air duct with the movable outlet  (zipper) 
has been completed. 
bracing t o  withstand the internal pressure. 

Load-Out Cask. 
approval. 
Certain minor changes were made i n  the Clrawings at the request of the CPD 
representatives i n  order that the cask be more compatible fo r  use i n  
Redox. 
additional c h a r e s  resulting from the changes. 

PRP Crit ical  Faci l i ty  (Project CAH-842). 
PRP Crit ical  Faci l i ty  has been forwarded t o  the AEC f o r  approval. 

Selected areas of the main frame are being machined t o  
if  the 

If net, it may be necessary t o  recast the frame. 

The new completion date w i l l  

The test showed the necessity of additional 

Additiocal drawings were received fo r  comment and/or 
The drawjags were reviewed and returned t o  the vendor. 

The vendor has been requested t o  submit a quotation for  any 

The project proposal f o r  the 

The detailed design f o r  the Cri t ical  Faci l i ty  building is be- approved. 
CE&U has submitted an estimate of $30,000 and four mortb t o  complete 
Ti t le  I1 services fo r  the equipment design, installation specifications 
and ATP's. 'Ilhe fuel  transfer lock, periscope, and control rods w i l l  be 
provided on a design and fabricate basis. 

Scoping of an adjustable weir overflow f o r  the reactor tank, a storage 
tank, addition pump, and associated piping and valving t o  permit level  
control of the reactor was  completed. 

Fuel Element Rupture Test Faci l i ty  (Project CAH-8671. 
proposal has beeri prepared and is being circulated fo r  approval. 
order t o  met fund limitations of $1,500,000, it was necessary t o  
eliminate non-essec5ial equipment items. 

The project 
In 

The items eliminated in- 
cluded : 

1. 

2. 
3.  
4. 

A rough 

One circulating pump, reducing the number of pumps t o  two 
half capacity units. 
One of the two sets of make-up system ion exchangers. 
One of the two decontamination chemical mixing tanks. 
Punrp isolation valves and other valves throughout the 
sys%em which could be eliminated because of the remval 
of above equipment i t m a n s .  

*aft of the design c r i t e r i a  (m-63863) was issued fo r  comments. - 

It is  expected 
April. 1960. 

tha t  the desi- c r i t e r i a  w i l l  be completed early in  
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!&e problem of swelling fuel elements a f te r  fa i lure  has required a means 
f o r  detecting tube bulging. 
an insulated outer tube which w i l l  close an electr ical  c i rcui t  whenever 
it contacts the inner tube or  the react;or shroud Tube. 

The present detection system design w i l l  use 

%e high pressure (2100 psig) high temperature (500 F) bellows design on 
Test Section "B" appeazs feasible. 
at  least three companies feel they can make the bellows for  a price of 
less than $500 each. 

After inquiries t o  va.ric?ls vendcrs, 

Design and Component Testinq 

Desim Test PR-1, Discharge Operation Mockup. 
Vehicle continued during the month. 

Testing of the PRTR Fueling 
Component C,es?s are  summzized below: 

Air Cooling System. 
from 3520 RPM t o  3140 RPM. 
a process tube containing the Pu-AI prototype elenrent i n  position 
on the seat was 8.9'' Hg gauge at 3l$O RPM. The conpressor dis- 
charge flow rate w a s  350 CFM with the above conditions and the 
compressor ran 21 minutes without O l T e r l o a d i n g  (compressor drive 
was c switched off a f t e r  21 minutes ). 

The speed of the compressor ?as reduced 
Compressor suction pressure -d th  

'phe shroud halves do r o t  engage properly at the top and the 
shrouds leak along the mating slrrfaces. 
the above condition w e r e  msuccessful. The skrouds are beicg 
redesigned. 

Att,empts t o  correct 

During one of the zest periods the sk,roud hal-zes s+,rrck on the 
discharge hook housing and +,he operator att ;eqted 30 raise the 
hook without retracting the shrouds. The S ~ Z G G ~ S  were l i f t e d  
off the shroud supports and one of the haJ.ws fell f m m  the 
vehicle into the fest p i t .  An interlcck vas added t o  the 9is- 
charge hoist  c i rcui t  t c  prevent moveaenz cd' the discharge hoist 
when the shrouls axe i n  the "iz" positian. 

Process 7hbe Discharge. B e  centerkg device on t k e  seat yas 
revised t o  give the maximum height, and pitch to t k r f  pcsitioxier 
plates but a%temp*;s t o  place a severely bowed +,ut?? (C.250 inck) 
on the seat were mslzccessful. B e  process ?-&e was r~mcved, 
straightened t o  specif i t d  +,derance ( 0  . l G O  icck 1 , an3 replaced. 
Further astempss t.0 disckLrge she procesz +~lbe-fuel e1extm.t 
assembly into the cask and lover the asse&ly ofi the seat were 
successful. !Be assembly w a s  placed +,% seat 20 times 
without incident - 
Cha-ge-Dischazze Gf P ro to ty~e  %-A1 Fuel F2e11~fi?~ 
w a s  successfully discharged from process tubes vith maximm bows 
of O.25", 0.80", 1.15", and 1.55" over the take lengrh. m e  end 
bracke$s rubbed agaicsr the tube w a l l  during discharge atrempts 
fromthe bowed tubes a?.l ?ke wire wraps were f l a .+Te~e i  wkcre ?ke 

Tne fuel e1emer.t 
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wraps rubbed against th.3 tube w a l l .  
tension d w i q  the discharge t r a i l s  from the 1.55" bwed t,ube 
was 230 3 s .  
100 lbs .  
engage the sea5 a& shrouds, and place the compressor ir; 
operatior. was 36 seconds. 

Maximum discharge took 

Normal tension duricg discharge attempts was 
Minimum time required t o  discharge the fuel  element, 

(d) Water Spray System. Flo-ii Fate of the water spray s y s t e m  is  
2.35 GPM. 

PR-10, Pimary LOOF Ibcku~ .  llhe spare PRTR mechanical seal  pump assembly 
was disassembled on Febxary 24, 1960, m e r  3 0  h c u s  of cperatior, using 
a new lower balanced seal.  The s8me p a t t e z  of excessive w e a r  was found. 
A factory representative present reconmended several mino= changes and 
inspection checks during seal assembly but could nct firid a definite cause 
of the premature fai lure .  
short periods while a detailed evaluation of the vibration was made. 
analysis revealed about 10 miis maximum vi3ration w i t l  the pump cold and 
f ive mils hot with a frequency of 1775 RPM. 
measured at the pump volute. 
the impeller running i n  air, resulted i n  only  one m i l  at %he volute. 
possibly pcints t o  a hydraulic imbalance and further investigation i s  
under way. 
i f  the operation of the reactor pumps verify tha t  the imbalance is hy- 
draulic. 

a ie  spa-e pump was reassenibled and run foy two 
The 

The maxinun amplit-dde waa  
A l a t e r  vibratior analysis pe,rf'o=maEd with 

This 

m e  pump vendcx is preparing a program t o  correct the imbalance 

The first of the three PEETR primary pimps was hot tested, s tar t ing on 
March 11, 1960, following c o q l e t e  pump disassembly and renova3ion. !his 
u n i t  was found t o  v i b a t e  a maximurn of s ix  m i l s  both hot and cold. Affer 
69 hours of operation, the high pressure mechanical seal was inspected 
and found t o  have worn 0.002 inch. The amoun~ of w e a r  and the appearance 
of the seal  face indicate tha t  the seal was wearing excessively. 

The second PRTR primary p w  was placed i n  service on March 22, 1960. 
!he vibration analysis has shown a maximum vibration of 1 . 4  m i l s .  
u n i t  will be disassenibled fo r  inspection on March 28, 1960. 

This 

The high pressure seal of $he prototype continues t o  operate sat isfactor i ly  
a f t e r  3200 hours of operation and 45 pump starts. %e leak rate  is approx- 
imately 0.1 gph at equilibrium conditions although the pump is roctinely 
cooled and shut dawn each week day. 

During the past mnth the single tube prototype has operated a5 temperature 
540 hours with 24 c o q l e t e  themcycles  during this time. llhe fuel element 
was removed once while changing the gasket on the nozzle t o  process tlrbe 
connection. N o  measurable w e a r  was noted on the fuel element supporks. 

The nozzle t o  process tuke (NTPT) connection with tne thinner shim was 
operated for  16 thermal cycles and 430 hours. 
averaged 5.7 m l / h r .  
The shim was removed and the NTFT connection reassembled on March 16. Since 

Leakage during th i s  t e s t  
The gasket during t h i s  test was compressed G.025 inch. 
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p r ?  

m-5458~ -- 
that time the connection has operated 185 hours with nine tkermal cycles 
and an average leakage of 1.7 &/how. 
cycles the bolt torque had dropped from 75 f t - lbs  tc about 45 f t - lbs .  
Retorquing the bolts cut the leakage wkich had increased t o  abcxt 
back t o  0.6 ml/hr, which was about the s a m  as the leakage during the 
f i rs t  f ive thermal cycles.) 

(It w a s  found that a f te r  eight 

ml/h 

Cap l e a h g e  from the p e r i d  Febnrary 18 through W c h  1 5 ,  averaged 
0.9 ml/hr during 16 thermal cycles and 430 opersting kours. 
during the nine thermal cycles and 185 operating hours sicce W c h  1 5  has 
been quite erra3ic due t o  impingement of the inner metal rirss sf she 
gasket betveen the m e t a l  seating surfaces. 
gasket retainer are being t r i ed  t o  correct t h i s  pmblem. 

Leakage at the inlet connection has been about 0.02 d/'tlsu= during 
400 operating hours and 18 thermal cycles since March 2. 

Laakage 

Minor mcdificat,ions t c  %he 

A t e s t  piece w i t h  two simulated nozzle-to-process tube ccmections is  riow 
being operated and themcycled  t o  500 F and 1200 psi .  One of the con- 
nections has been made up using shims t o  prevent mefal-t;z-m??al contact 
between the Zircaloy tube end flange and the s.+,ainless stsel autlet  nozzle 
flange . 
Gas leakage w i t h  the solid copper gas seal gasket befween the process Tube 
and ring flange was found t o  be essentially zero d u r i q  15 t hemcyc l s s  
and 150 operating hours. !this test w a s  mde with a meta.l shimmed NTPT 
connection. 
no problem due t o  the resulting higher compressive forces on the solid 
copper gas s e a  gasket;. 

Leakage without the mefal shim Fc. t h i s  ccmectior, should be 

PR-40, Shim Control Mockug. 
possible corrosion between the inconel shim rods axid tke a l d , ~ l l u n  tube 

The prototype tesr, f a c i l i t y  c o r  invesfiga+ird 

extensions is  now being installed.  

Two motcrs fromthe vecdor supplylng the reacfw shim rcd ~ x d e r  are 
scheduled f o r  furthe=. %sting. 
have had a high rejection rate  h e  t o  an insdatior- breakdc-yrr, l?c;Cveer 
phases. 
rubber phase insulatior.  
and the other w i l l  he operated i n  a kriom radiation f i G d 0  

The mtcrs received on +ke ~ Y B C + C T  order 

New stators  are  being furnished wisl; a glass slsippcr+a3. silicom 
One motor w i l l  be cperazed ic x h ~  skin rc l .  mockq 

PR-70, Helium Campresscjr Tea+,. The Gem-  mani-xfactuzer sc.bmt"e3. a pi3Car. 
and seal  system for  +,he high pressuze compressor o i l  Fuq 
and seal system was tested and founi msatisfac'tory. 

Tkis gistan 

!Chs VickersD o i l  pump, formerly test,ed wi~hout  s11ctim pTesewe, was tea:=cd 
with a 1 5  psig gcs i t i l e  feed as recommended by +,La mndo:; h:v~~rer ,  it, 
would not operate. 
hydraulic p u q  is nct applicahle TO our s e d c e  QI-L +,k kigk prcasuzs kelium 
compressor. 

IT is  cordxded t h a t  t h i s  dt.i;!istor: a i r c r a f t  t y p e  
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Fur+,her evaluatiari of Hmford rebuilt o i l  pumps using hardened s tee l  
pistons and l iners  is under way. 
operation fo r  1000 kaurs md more can be obtained with W o r d  rebuilt  
P W S  

It is  cow believed tha t  reliable 

Rebuilt gas outlet check valv5s have been prepared f o r  the low pressme 
helium compressor, using a s t d l i s e  seat and flapper disc. 
that  these valves be tested ir, the PFER helium compressors. Gas check 
valves fo r  the high press-ure compressor are being fabricated from17 - 
4 PH stainless steel. 

It is  proposed 

PR-80, Air Cooling Due', Test. 
prelimhary t e s t s  performed. 

The high pressure duct was installed and 
Excessive leakage and deformation of +,he 

carriage rail  section prevented completion of the t e s t s .  
have been started t o  correct these prcjblems. 
compressors have been delivered t o  $he reactor contractor f o r  instaliation. 

Modifications 
The high and l o w  pressure 

Special Tools. 
cated and are ready fo r  testing. 

Two new cutting edges for  the core saw have been fabri- 

The cut-off saw w a s  adapted t(3 the fueling vehicle and fested.  It cut 
through a work hardened zirconiumtube in  38 miriutes. 
device is  being prepared t o  shorter. the time required t o  cut through a 
tube. 

A new loading 

Reactor tools fo r  removing jumpers, nozzle caps and hold-downs, shim rod 
electr ical  connectors, and in l e t  flange bol ts  have been tested. Improved 
reactor models are now being fabricated. 
reactor and load-out faci l i3y are continually being added. 

Additional special tools fo r  the 

Silicone Foam and Sealers. A new silicone rubber was used t o  trea* a l l  
w i r e s  and the structural  opening inter ior  surface pr ior  t o  pouring foam 
and a following non-foaming silicone cap. 
and from the wire ends which were capped with silicone were s t i l l  excessive. 

Leakage f romthis  arrangement 

Fiberglass resin was used t o  fill the top inch of an opening, with sand 
used as a f i l l e r  material. This arrangement sealed well but w a s  byi t f le .  

An epoxy cement has exhibited the best properties fo r  sealillg the struc- 
t u ra l  opening and a lso  the ends of the wires. 
completed on th i s  material and a report issued. 

Further t;ests w i l l  be 

PRm Instruments. 
irradiated at  106 R/hour absorbs 108 R with l i t t l e  change but attenuates 
705 of the incidel=t energy a f t e r  having received 109 R. 
being evaluated as a candidate component for the temperature detector i n  
the Fuel Examination Facil i ty.  

The infrared sensitive lens,  arsenic trisulphide, being 

This lens is 

A precision servomanometer is t o  be obtained fo r  measuring moderator level  
of the PRTR during c r i t i ca l i t y  studies. The resolution expected i s  t o  the 
nearest apparent hundredth of an inch of moderator level.  
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Several designs have been proposed f o r  monitoring ic-pile movement of the 
high pressure Wbe i n  the gas loop relative t o  t h  calandria shroud tube 
during operation. 

F i n a l  evaluation of the instntlnentation f o r  measuring the firs+, tvc feet: 
of moderator fall for  the cslandria .lump ra te  t e s t s  has been completed. 
The i n s t m t a t i o n  may be used t o  measure the time of moderator f a l l  
when using any valve individually o r  any codinat ion of valves as well as 
measuring the tim 1% between tbe time the power t o  +,he valves is  inter-  
rupted and the time the moderator .begins t o  f a l l .  
of fa l l  f o r  t h i s  first %o-foot interval is  accurate t o  2 0.01 second, 

Wasuremnt of the time 

Design Analysis 

physics Analysis. lsne remainder of tbe C r i t i c a l  Test descriptions were 
coqle ted  and presented t o  the Startup Cowcil. 
test  descriptions was also completed a t  which +,im changes suggested by 
the Startup Council were incorporated. 
pleted with Chemical Research and Development, Opera+,iori t o  cazry  out 
experiments to demonstrate the feas ib i l i ty  of poisoning the moderator w i t h  
boron f o r  Crit ical  Test 15 .  Power test planning is ccntiniiing in  cocpera- 
t ion with the mer Test Subcouncil. 
been prepared and outlines are being written. 

A final review of tke 

Final arrangemer,C,s have been com- 

An initiai list cf experiments has 

Consideration is  being given t c  performing two-dimensional nextror, f lux 
distribution calculations ut i l iz ing an IBM-709 code, ANCIE, which has 
just beer?. received. 
g e m t r y  and nil1 accommodate up t o  2000 mesh p i n t s  m.3 eighteen energy 
groups. 
possible. 

The code has prmisior, f o r  e1tLe.r x-y or r - z  

Thus, a f a i r l y  detailed calculation of zhe PRTR c c e  skoiild be 
A test case is  being prepared t c  check the operability. 

Effort is  continuing t o  de te rahe  the r e l i a5 i l i t y  of cm%rol rod re- 
act ivi ty  worths calcula5ed usirig +he RECON computer csdr: 
ploys a two-group d i f f s i x  shecry neutror, +,ra?sport mcdel and obtains 
solutions for  coEtrc.1 resefivisy worths in  a reflected core. Com- 
parison of results witk hand c d c d a t i o n  in.1icat.e tkat  +,he code is de- 
bugged (performing c o m c s l y  all ktende3 opsrations ) - Tke major radial 
buckling and radial distribution of sta5isxica.l weighs are heir*& formed 
properly. 
way; these values w i i l  be campared t o  ex-gezirn?n+aJ. ~esults Gbtairied in  the 
F'CTR. 

The code em- 

Cslculation of t125 vcrtk of black rsds in  the EGCR is  under 

A similzr comparison i s  &so pia,mEd Fclr K i?eac?o-r ~ 3 1 8 ~  

TLe FLUX-WEIGHT code i s  r.ow 4ebig;6ed and cprayional.  
code is being made 50 deterrmne the FRCF core d e s i p  ar-d tc 03taiC 
cr iz ical  loadings, flux distribuTions, radial s ta+is t ica l  veigbts, arid 
8n evalua+,ion of moderator 15-Ei w x t h .  

I r i f ia l  use  of th5 

Work is continuing o ~ i  $he SNG Trazsport Csde, xj.2 a s1;ccesEficl t e s t  run 
on a slab geomt ry  caee baa been complerel, 
the SNG (HarXcd -rereion) Ccde wizh +he SNG (No=-rh h r l c a r i  version) Code 
is mikr way. 

A t  -r,TeEent, a cornparisor- of 
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The PFQR xenor. program is  complete and ,-Unnir,g. 
in the near future. 

A r e p ~ ~  w i l l  be iss2e.l 

PRTR Process Specifications. Progress on writing process specifications 
remains a t  abou5 t h i r t y  percer;t writ';en in  rough draf t  fom.  
of process specifications ts be writi,ec and three of tkie proposed sgeci- 
f icaticns have been reviewea by the Starkup Council. 
by +,he Startup Cowxi1 have beer, incorporated ir, $he specificasions, 

'E"€ outline 

Revisions requested 

Safeguards Analyses. 
analysis fo r  the PRTR gas-cocled ~ O O F  was started th i s  month. A comment 
draf t  of t.he XFOX-~ w i l l  be issued early in  April. 
vealed no fsature of the desigr, or operating plans which would result  i n  
decreasing the s e e t y  of %he PRTR. 

h p a r a t i o n  of the report of the final safe-ds 

Analyses ham re- 

Writing of the PRF C r i t i c a l  Faci l i ty  Preliminary Hazards Report was begur-. 
Studies of tke effects of various coolant system failures w e r e  conducted. 
Investigations of the reactor physics and of nuclear accidents were 
ini t ia ted.  

Reviewing of preliminary PRTR c r i t i c a l  t e s t  descriptions was completed. 
The writing of a hazards and restrictions su~ll[n~ry section f o r  the c r i t i c a l  
tests was begun. 

Plutonium Fabrication Pilot  plant 

Construction is  estimated t o  be go$ complete at  month end. 
the Construction Completiorr Report has begm. 

Preparation of 

The rslocation of transferred capital  equipment from Buildizg 231-2 i s  
proceeding essentially on schedule. 
erection of parti t ions in  the second floor process area. 
was made i n  painting the floor of Room131. 
room fo r  operations use es r ly  in  April. 

The plastering subcontractor commenced 
Slow progress 

It is  planned t o  accept t h i s  

The cross-push mechanisms were received from the sintering furnace vmdor 
i n  par t ia l ly  complete condition. The work of completirg these uaits is 
nearly finished at Laonth's enc?. 
control panels have been Completed and installation is nearly complete. 
After the l i m i t  switches f o r  the various feed movements are ixistalled and 
adjusted, the units w i l l  be ready fo r  startup. 

The atmosphere and furnace gas pressure 

The etch f a c i l i t y  is  nearly colaple3e. 
tha t  the smaU mono3ed water demineralizer, scoped before the extent of 
demineralized water usage i n  zirconium etching had been determined, is  
already overloaded. 
with the intention of completing i t s  installation in t i m e  for  tine e5ch 
f a c i l i t y  startup. 

It was discovered during the month 

A rush requisition was placed fo r  a 1000 gal/hr unit ,  
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_- _ _  Fin& iz;spection of the 20-inch rolling m i l l  has Seen completed. 
?nill amears t o  be wel l  made and only minor adjustments were reqkired. 
It is  scheduled for shipment April 4. 

The 

Fortpane operating procedures were issued during t i e  month. 
t i v e  ourlines for PRIB Operating S+,anda?As were u p i a t e d  and reissued. 
A number of procedkes were prepared for the PRIR Sample Program. !The 
PKllR RecTricaJ mual is 70$ complete; it w i l l .  be completed and issued 
during April. 

A dm,unsnt, HW-6432Er "Power Calculatior, t ~ e  RXR," bY E. D ,Jories vas 
issued awing ?he month. 
periods was completed. 

A c c q l e t e  list of PIZTR valves -as pregarel. 
Pmction, a d  prin-k refereme fo r  each PRTR v a l v z  az5 iccludes schematic 
diagrams. 
persans . 

The tsnta- 

A s*udy of ~ X C B S E  Yeactiviry ETSU reactor 
A rexon w i l l  be issued '5y April 1, 1960 

Ex list gima ident,ification, 

The valve l i s t  wi l l  be issued e ~ l y  ic  Aprii 51; ail interested 

Industrial Wdical Operation w a s  requested t o  obtair, miss l e - e l  mea- 
sureml=e,s near the operating dieselso 
nct ye: bee= received. 

The results of t k e i r  sc'it iy kave 

A e a q i i s  respiratory mask with vcice amplifier was Gbtairzed m-3 t z s ~ ~ e d .  
F'PD Maintermice is inveskigating the ccst m.i avai lab i2 ty  of parts 
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_- 
Rkzture monitcr sysfsm e lsc t ra i ic  prints were reviewed and rst-xcrned vizk 
a request that  additior,al info,ma?ion be fwznished. Alsc, comments were 
issued fo r  the Z-IJF~UZF loop iristriunen~ation and corit=.ol equipmect. The 
PRTR hintenance and bckup Area tracings m-re reviewed f o r  sperational 
approval. The complete rcugh draft issue of the Rupture Loop Design 
Criteria was reviewed and comments issued. 

Sessions I and I1 of tLe Radiat.ion Training Program were conduted. 
Review and study of the qualification questions, opera+,ing procei.ures, 
and epecial traicing assignments continued. &e Shift hg inee r  spent, 
the month ir, the 10G Areas t o  become more familiar xi& reac+,o= Dprratirig 
problems. Six  Engineering Assistanzs were assigned t a  the 314 B d i d i n g  
Equipment Development LaSorasory f o r  f ra iz iag and assistance t o  MEDO. 
This portion of the engineering a e s i s h n t  tseining progrsrn will. be com- 
pleted on April b ,  Two information meetbgs were held t c  familiarize 
PRTRO personnel with the parposes mil eqcipment layout cf the C@ gas loop. 

A report was prepared which defines the data processifig input, report re- 
quirements, calculation requirements, forms desigr., aLd estimate of data 
v o l m .  The repo-rt was designed primarily ta assist machine prograndfig 
by EDPM Operation. It w i l l  be documnted and issued e c l y  next month 5s 
acquaint all interes+,ed persons with the PRTR daza service which w i l l  be 
available. 

2 .  PLUTONIUM (ZmuaCS KESEARCH 

To determine the effects of sintering t i m e  on Censification rates of U02- 
Pu% mixtures, pel le ts  of U@ contaking  15, 25, 40, 60, 1 5 ,  90, and 
95 w/o Pu02 and a lso  pure Pu@ were heated i n  hydragen f o r  
1500  C, 22 hours between 1400 and 1500 C and eight hours between 1300 and 
1400 C. Tlzis was the same composition series which exhibited the marked 
density decreases with even slight additions of FJ@ after one and eight 
hours at  all temperatures q t o  1500 C. 
undergone d-nsional changes during the s inter ,  the extent of which in- 
creased with Pu@ concectratioo. Beginning with U O p b O  w/o PuOp, there 
was evidence of flow, the bottom of the pel le ts  assuming the contatll" of 
the molybdenua boat, and the puze PuO;! pel l s t  was alnrost. spher ica  iri 
shape with a glazed appearance. However, the densities of aJ.l compositions 
as determined by wa*er illnnersion were 90 percent of sheoretical 31t' greater. 
The cause of t h i s  apparent flow is being imestigated.  

hours at 

The specimens w e r e  found t o  have 

In a continuation of an investigation of the discrepancy between W o r d  
Laboratories and AERE data OE the s t ab i l i t y  of PuQ-in hydrogen, PuQ 
was obtained by calcining plutonium oxalate af 150, 300, 500, 800, and 
lo00 C .  
subjected t o  x-ray diffracticm analyses. m y  a single Pu@ phase w a s  
found on the patte-ms obtaine9 fronithe 150 C and 300 C calcination treat- 
ment. 
15 percent alpha WC.3, respectively. Since HLO Pu@ is normally obtaiced 
by calcining the oxalats at 300 C and AERF, calcines at 600 C, it is con- 
cluded that . the s t ab i l i t y  of plutonium dioxide i n  hydrogen is definitely 
influenced by the calcinatiur, treatmer,t . 

These powders we1- heaced in  h w o g e c  at 1500 C for  eight hours am2 

mose calcined at  500, 830, and 1009 C showed PJO~ and 15, 25, and 
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Melting studies on glutonium dioxide have continued. 
s h m  the melting point and l a t t i c e  parameters of fused P~02 f o r  tke 
atmospheres indicated. 

The following fable 

Sample Atmosphere MF Lattice Parame+,er 

H e l i u m  2280 c 5.4168 2 0.0005 2 
I1 5.407 ? 0.002 2270 

c 19-2 
c 26-1 
c 26-2 Vacuum 2255 5.%2 2 0.m 
c 26-3 Argon 2280 5.401 2 0.003 
c v-2 4 ~ e  - 3 %  230 

The diffraction data were obtained by the Debye-Sckrrer method with COFFC 
radiation. A sub-oxide waa not detecsed 31: any cf the p a t t e n s ,  All. 2f 
the l a t t i c e  parameters are greater khan +,he 5.3960 8 fomd fo r  as-received 
plutonium dioxide, b l i c a t i n g  a lclss of axygen d-cirig melting. E e  amc-a~ 
of t h i s  loss  is apparently 5ime dependerit s i m e  all of the sanqles, with 
the exception of C 19-2, were m l t e d  rapidly. Unfortunately, the tixma 
at  elevated tenpsratures are not available; however, the larger l a t s ice  
parameter of C 19-2 over that, of the sample mdted i L  v&cuum il l l istrates 
the t i m e  effect  

- 
- 

Samples of Pu@ and ~02-60 w/o Pa02 were melted i n  helium 
wtallograghiz examination. A very small qmtiii;y, appmximatdy 2-45 of a 
second phase vas observed a3 SOOX. This quamity is  sc slign? it is beyond 
detection by x-ray diffraction techniques. 

pclished for  

In  connection with pU@ volat i l i ty ,  vapors of two samples vere colleczed 
on a copper condenser which was hung about ofie-half in h a3m-e tk;e sp?cimer. 
In one experiment the 
hours. 
and only a very aligkt t r a c  RE cther sample 
was heated t o  1000 C at X - 3  m Hg fo r  118 kours - A bluish-'black conder-sate, 
probably an oxide of fungster,, w a s  pream+, an the ccpper, b ~ t :  23 pldtonium 
was detected. 

- 
waa heatsd t o  EL35 C at 1G-j rn Hg f o r  eig?: 

The l a t t i c e  parameter of she cocdensd Pi% vas 5,LCe 2 0-001 A 
of alpha -03 was present, 

X-ray diffrac2ion c W J s  fiave been obi;ained OL p e l l 3 ~ ~  nf  HgO, Al203, 2~02, 
and stabilized ZrCQ, each mbced w i ~ h  TWQ Y//Q an3 e ig lx  w/o P,Gz. MgO 
skowed T ~ O  sign of reactiot; with RiOz w h r ,  a intere4 ir i  e i fk~s" kiylroger, o r  
b e l i m  at 1500 C fo r  ei&+ h o i ~ s .  LL by3roger a+ shesf ccrAitixiz ar 
unidentified reacticn did cccur betveer A.LzO? m-d F7~02, mi +.he diffraccior 
patterns are being "=-I?= t o  2btair. bet ter  rzsollA?icrL r - f  tke Lir_ee* 
reaction is possibly th% formation of the gizswkire-typc ~ , s q c ~ m l ,  P A L O ? ,  
reported by L. E. Russel e t  s;L , AFJ3F-R j O d ,  
perovskite C O M ~ G U ~ ~  can be fo,-me.l, a pell.3-t cortaixirg s t d c h i m e t r i c  
amounts of A1203 and PuQ w a s  preeserl a d  s in+sre l  a? 17'00 C f o r  eigLt 
hours i n  hydrogen. Tk Feliet  e7ridei-Ce.l signe cf a reacticn by zevcre 
bloating, pit t ing,  and plaesie flaw m-d is presently k i n g  ax-alyzei by 
x-ray diffraction, 

' 

Tk& 

Ir, x d e r  tc - leremne i f  the 
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Pure Zr02 pel le ts  crumbled o r  severely cracked when sintered at a l l  
teqera tures  from 1100 C t o  1500 C fo r  eizht hours, but it was found 
that as l i t t l e  as two w/o Fu02 iiz the ZrOg made the pel le ts  dimension- 
a l ly  stable when sintered at  these same temperatures. 
shoved a retention of about 3.55 of the high temperature tetragonal 
phase a t  room temperature i n  the pel le ts  containin2 eisht v/o Fu02 and 
103 i n  pel le ts  containin2 two IT/O PUO~. 

Pellets containint 15, 25, 35, 50, 55, 80, and 92 W/O PuQ with Zr02 
have been 2ressed and sintered, and are being examined by x-ray d i f -  
fraction. 
small specinens of ZrQ-ArQ and w i l l  be used t o  determine portions of 
the Zr02-Pu02 phase diagram. 

A l l t e ra ture  survey on the physical and nuclear properties of va r iou  
cerwxic materials includlnz B O ,  &O, QO3, Th02, and SIC is b e k g  
published. 

X-ray difTractioii 

The msltinz point furnace is  being adapted t o  heat and quench 

PrzvLocs experiments i n  vhich oxides of Pu and U were heated w i t h  graphite 
t o  Tom the resgective carbides were repeated usins a mixture of the two 
oxides 2s a star t ing material. Tite anounts were chosen in  three samples 
so as t o  yield 25, 50, and 755 PuC i n  UC, respectively. 
noticed previously, the products forned at 1800 C showed strong x-ray 
dif2raci;lon l ines  02 Pu2C3, p r e s m h l y  due t o  a loss of plutonium durins 
rzactlo3. Vaporization of FuOg at  2100 C has been observed, and vapori- 
zatLoii t e s t s  w i d  be made ct 1800 C on Pu@ t o  determine i f  t h i s  i s  suf- 
f l c i e a t  t o  account for  the T o m t i o n  of Pu2C3. 
UC, or a solid solution of the two, were also found in  all three samples, 
but no satisfactory metallographic technique has been found as yet t o  
d i s t i n p i s h  these phases under the microscope. 
:.a whLch a surplus of F u O 2  was added t o  graphite, but furnace troubles 
required the equipmnt t o  be shut down fo r  repairs. 

As had been 

Other strong l ines  of PuC, 

Another run was started 

X:valuation has been completed on the Blaine air  permeability fineness 
tes te rs  which were purchased w i t h  the hopes of rapidly and inexpensively 
determining the surface areas of ceramic powders, particularly plutonim 
dioxide povders. Comparisons of the surface areas of alumina, magnesia, 
zirconia, and urania obtained on the a i r  permeability apparatus with the 
surface areas of the same powders obtained on a B.E.T. nitrozen absorption 
apparatus indlcete that  a different calibration exis ts  for  each naterial;  
therefore, the air  permeability apparatus is useless i n  obtainin2 true 
surPace areas of plutonium dloxide powders unt i l  a plutonia sample of known 
surface area becomes available for  use as a standard. There is  no hooded 
B.E.T. apparatus presently available with which t o  standardize a plutonia 
sample. A zood degree of reproduci’aility can be obtained on the a i r  per- 
mab i l i t y  appratus ,  and the instrument should be useful Tjhen a stmdard- 
ized plutonia sample can be obtained. 
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Fuel Evaluation 

Swazed Uo;! capsules have attained an estlrrated mxiium exposure i n  exczss 
of 14,500 MWD/T durinz irradiations i n  MIX-ETR. 
other svaged capsules o r  fuel elellleiits have occurred. 

Hot swaged U@ capsules were successfully i r r adk tzd  t o  2250 !JD/T. 
i r radiat ion continues. 

No failures of these o r  

The 

Post-irradiation examination of an irradiated,  purposeiy defected, 
Zircaloy-2 clad, swaged UOn, fuel rod revealed evidexe of z t rcoalm hy- 
drFds formation, even though the specimen vas irradia-bed only 90 xinutes 
Li LO C water coolant. Concentration of the hTJdride i n  the Zlrcaloy-2 
claddin(; increased ur,iI"omiLg from -150 ppn at the 3.005 inch d L w t e r  
hole t o  -250 ppm at  a 0.4 inch radius from the defect. Eeyond this 
radius the hydrlde concentration was ~ 1 5 0  pTm. 

A second, defected Zircaloy-2 clad, swqed U0;l rod I i s S  irrzdiated for 125 
-Utes i n  tile ~m at a m x i m u m  surface heat flux of 6 ~ 5 , ~ 0 0  Sm/lir/i't2 
(33 percent hlzher $hail in the previ-ous defected d e n m t  i r radiat ion)  I 

Eie fue l  e lemnt  ,vas Fever cycled twice. 
ac t iv i ty  1,7as evident, nor vas any pcr t iculate  D t X Z i -  rzicased. ZiLs  
212~&,r1+, is beiiiz sectioned. 

No uivsu.all;. h%$i f i ss iox  produc-i; 

The rapid h;rdrldin= ev5dent on the  frlrst Zircaloy-2 t e s t  ::idLca'Ges the 
des i rab i l i ty  of another t e s t ,  u s i i z  a ZLrcaloy-L ::lsd ?ei rod. 
rod has been fabricated. 

The fue l  

%sic Studies 
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Samples of impact formed U02 are being prepared fo r  irradiation testing 
and thermal conductivity studies. 

Micronized UCQ w campacted i n  the Dynapak (high energy impact) equip- 
ment at various temperatures. 
was obtained in  the temperature range of gOO-l2OO C.  
U@ thus produced has an extremely f ine gyain structure, 8s revealed by 
electron micrographs. 

A maximum Uo;! density of 94.5 percent T.D. 
The high density 

Single crystals of U% are being fabricated into specimens f o r  irradiatiori 
experim;ents, thermal conductivity determinations, and other fundamental 
studies. 

&proximately 100 pounds of large crystals were selected from 700 pounds 
of Norton arc-fused U&. 
single crystal  revealed a single angle of reflection fo r  the (111) plane. 
Although the peaks w e r e  s l ight ly  broadened, indicating a defect structure, 
t h i s  effect  was not pronounced. 
are evident i n  photomicrographs of the crystals. 

A pole figure x-ray scan of a representative 

Solpe microscopic pores and inclusions 

4. BASIC SWELLING STUDIES 

Irradiation Program 

Two types of capsules f o r  irradiating uranium at a constant temperature 
are currently under construction: 
capsule f o r  insertion ink0 ei ther  the 
swelling capsule. 
been coqpletely assembled, and a fourth is i n  the f ina l  stages of 
constructim while f ive general swelling capsules have now been fabri-  
cated. 

a r&etsllogra&ic specimen swelling 

lhree of the mtallographic specimen capsules have 
or  the ETR, and a general 

O f  the four assemblies of the meta,llogra@ic specinren swelling capsule 
being assembled, one is f o r  heat transfer e m h a t i o n  and bench testing, 
one is f o r  ex-reactor comparison t o  the in-reactor tests, and two are . 
scheduled fo r  irradiation in the ETR. 
ready assenbled contain pre-characterized specimens ready fo r  irradia- 
t ion  while the th i rd  capsule contains only a dummy specimen. 
laboratory evalua;tion t e s t s  on this lat ter capsule are in  progress. 
!be control instnunentation fo r  the other two capsules is  being in- 
stal led at the ETR reactor. A prototypical u n i t  of the ETR instru- 
mentation has been tested at  HAP0 and found t o  operate sat isfactor i ly  
fo r  control at specimen tempe-rature at  any constant vaJ.ue from 200 t o  
700 c. 

Two of the three capsules G- 

The 

A general swelling capsule containing four one centimeter diameter 
uranium spheres was charged into a reactor i n  the l a t t e r  part  of 
February. The capsule is  operating sat isfactor i ly  at a temperature of 
550 C which is maintained while the reactor i s  down as well as when it 
is up. 
gradients throughout the capsule, but when the reactor i s  up, there i s  

When the ,reactor is  down, there are essentially no the-- 
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a gradient from the center t o  the end of the capsule and a lso  fromthe 
center t o  the edge of the spheres. 

, surPace of the end sphere, all temperature changes that occur when the 
reactor is shut dawn are minimized. 
effects of the thermal cycling on the swelling behavior. 
temperature is precisely maintained when the reactor shLts down in  a 
no& fashion and undershoots by only 10 C when the reactor scrams. 

By controlling the temperatufe at  the 

This should tend $0 decrease the 
The control 

The experience gained from observing the operation of t h i s  capsde 
suggested several mdif icat ians  t o  be made i n  future capsules of this  
general configurat ion.  
only three spheres (two natura3 and ace enriched) EO that  l e s s  of the 
required heat COES f x m t h e  fissioning process. 
larger heat dissipating fins $0 iricrease the heat iEput n e c e s s q t o  
maintain any psrt icular  temperature. This w i l l  U a w  more efficient 
operation of the contrci system. 
bench tests and w i l l  be charged if the Yests proye successful. 

The fifth capsule that w a s  assembled contained 

The capslile has sl ight ly  

!The f i f t h  capsule is  now undergoing 

Pore Size and Distribution 

Optical and electron microscQpy are beicg used as a direct  means f o r  
determbing the size and distribution of pores i n  irradiated uranium. 
A formal report ,  EM-63848, "Iktallographic Studies of Swelling in  
Irradiated Uranium - Effect of Burnup,  Izradiatim Temperature, and 
Post-Irradiation h e a l i n g , "  i s  being pzepared. 

Five  non-instrumented capsules con-kaining pre-characterized uranium 
irradiated t o  burnups as high as 0.2 a/o aze FC. Radiometallurgy and 
post-irradiation examination is abclit t o  begin. 

S ta t i s t ica l  analysis of dis5ortior associated with %e replication of 
pores in synthetic plast ic  specimens is  continubg. 
pore diameters and depths of p o z s ,  as remaled by replicas, indicates 
that  pores are distorted if they a m  cut above the i r  centers. 
syntheC,ic apecimerrs each containing pores with diameters of 1.17, 0.81, 
and 0.56 microns, respectively, are being analyzed, and the resulss 
w i l l  be used t o  help forPlula-ke a mathemtical model f o r  quanti+,at:ive 
metallography. 

WaaxrelzlEnts of 

Three 

5. IN-REACTOR MEASVREMENTS OF MECHANICAL PROFERTIES 

Tkis program has keen irAi?ia$d t o  J!e+,e&ne the meckar-ical properkies 
of s ~ r u c t - e a l  m t e r i a l s  &xirig irradiayior,. 
in-reactor creep prqe?,ies of Zircaloy-2 is  i n  progrsss. 
at all certain mechsnical property ehm-gee measured a f t e r  izrad- 
iation w i l l  be indicative of %he changes iridl-iced during ?.he period of 
irradiatian.  
have ent i re ly  3ifferem effects ori the creep Frsperties Thai1 vi11 the 
hzstantanaotis effect of ~t hi@& r_E?iltror_ f l u .  

C a z m t L y ,  the study of 
It is  not 

'Be setaine5 defect,s a sxc ia t e3  with residual damage may 
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The irradiation of an in-reactor creep capsule is in  progress. 
specinren is  annealed Zircaloy-2, and a duplicate specimen is being tested 
in the laboratory t o  provide a direct  comparison w i t  the in-reactor t e s t .  
Last month, an average in-reactor ra te  of 1.69 x in/in h r  was ma- 

test  temperature of 500 F (260 C )  and a stress of 30,000 psi .  As the in- 
reactor transducers are not as sensitive nor as accurate as the ex-reactor 
transducer, the data have been analyzed s t a t i s t i ca l ly  t o  place the confi- 
dence limits on the above rates. The analysis shows that the creep rate 
of the in-reactor specimen is of the order of ten  t a s  that of the ex-reac 
specimen . 

The 

sured which compared with the ex-reactor rate of 1.5 x 10' d in/in/hr at a 

The laboratory tests are now completed on the study of the thermal balance 
within the prototypical creep capsule. !Che thermal balance of the capsule 
was upset as the heliumpressure was increased t o  provide the stress on the 
specimzn. 
diameter heat source centered i n  a 2 4 2  inch ID stainless steel pressure 
vessel. 
transport by he l ium gas was measured at steady state temperatures as a 
function of helium pressure. 
transport was measured over the range of 100 C t o  600 C at 15 psi t o  600 ps i  
helium pressure. 
4.5 times that necessary at 1 5  psi.  Four arrangements of convection baffles 
were tested, the most efficient being two concentric aluminum cylinders 
insulated on the ends and providing about one-eighth inch space between 
them. 
at 500 ps i  t o  only 1.35 times that needed at 1 5  psi .  
heat transport study are now being incorporated i n  the capsule under 
construction t o  reduce the drast ic  change of thermal balance as the cap- 
sule i s  pressurized with helium. 

A t e s t  c e l l  was constructed which incorporated a one inch 

lzle test assembly w a s  cooled in  flowing water while the heat 

Under the t e s t  c e l l  conditions the heat 

!he amount of heat required t o  reach 500 C at 500 ps i  was 
. 

These baffles reduced the amount of power necessaryto reach 500 C 
The results of th i s  

'Phe s a  t e s t  c e l l  that was used f o r  the thermal balance studies is now 
being used t o  measure the arc-over voltages as a function of helium 
temperature and pressure so that suitable insulation will be provided i n  
future capsules t o  prevent premature failure of the transducers, heaters 
or signal leads by e lec t r ica l  arc-over. 

&-reactor creep nreasurements are being perf'ormed on cold worked and 
annealed Zircaloy-2 ex-reactor. Creep activation energies have been 
determined fo r  25 and 45 percent cold worked Zircaloy-2 after second stage 
creep rates were w e l l  established. In the method used the temperature was 
increased i n  25 C increments and each new creep ra te  was measured. 
logarithms of these rates were then plotted as a function of the reciprocal 
of the absolute temperature. 
equation: 

The 

The data were found t o  confozk t o  the 

where E = 
A =  

the creep rate  at. temperature T 
frequency factor,  a stress dependent structure 
factor 
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6. 

Q = accvitration energy in calories per gram moie 
R = gas constan$ 
T - absolute temperahre, 

An activstion energy fo r  creep of 59.7 K z:a;L/gm-mole was determined. 
data f o r  'ywc 25 percent cold worked specimens and o m  45 percen-b cold 
warked specimen displayed no differences in the activation er,ergy. 
valug of A does vary with the amoilnt of sC,ress on the specime~~. I+, is 
Interesting t o  note that t%e acti-Jation energy appears t o  be hdepecdent 
of cold work level. The primary masm f o r  determining *he ac+,iva*ior, 
energy on +Ais series id specimm was t c  provide 3 basis fo r  t e s t s  ori 
creep in-reactor. These rates,  ac*ivatior, mergies and frequmcy f ac7ors 
yfll be used as a caparisor, be+,-ieer, in-Eac5or t e s t s  and ex-reacsm t es ts .  

The 

The 

M-GRAPBITE STUDIES 

EGCR Gramte L-radia+ion 

Designs fo r  three possible EGCR graphite sample cozSiguations have been 
completed which e ~ ~ ~ l o y  f o E  o n e - q u d c r  cylinder, fwn- inch  lorig samples 
held together as a unit. 
t o  aid in  confirming heat t racsfer  c%lz-iLatlcr,s made f o r  the three ccrfig- 
E a t  ions. 

Mock~p t e s t s  of *hese designs 3ave been ini t ia ted 

Cemen-bed Graphite Joints 

Tensils test specimens of graghite containing Joirits cem?n?%d wikh Na$ional 
Carbm Cclqsny "F" cemen2 have been irradiated %o 3.9 x ld-9 n~ (E > 1 Mev) 
at abom 550 t o  600 C. Pricr CG irradiatior, cracks deveiqJcd in  the cement 
of one sarnpls heate6 50 500 C. 
ir, t k  samples which were nc+J hea+, treated pr ior  t c  irraciiazion; hovever, 
they were sound enough t o  surv ive  an iaaii-aertert three-fcot dros iuring 
discharge fram tl?R +,est-haLe. 
f o r  oce sample. 
specimens the cemat was s-lror,ge,- t h G  %he gr3phi"ie. 
cemen5ed joicts  cmtrac+,ed an am=.age of 9.12 gescect, 
will be g i E r  farther i,-radiatioc a d  stzdies 
heat ?;reaCments i~ an effort  +c elimiriate cracking ir, ?he c m e ~ . ? ~  

Mter irradiation, similar cracks appeared 

A tensile strength O? 7e3 psi was i l e t e m e d  
R q m c e  x c u r e d  si: +,'re cemmTo3. JsiEt0 Ir, =irradiated 

Remaining specinens 
P-e iiamesers of the 

be made c9 px-iTadiazior,  
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be removed by auzealing. 
tmards the less-graphitic graphite f o m d  from binder material as 
being primarily responsible fo r  contraction iri. the transverse extrusim 
direction. 

This same i i ne  of reasoning points s t r o ~ g l y  

Thermal midation 

SaPqSles of Brit ish nuclear grade graphite have been oxidized i n  flowing 
C@. 
graphite. It was noted that the material was coarse i n  structure, evi- 
dently with large coke particles.  

A t  750 C, the specimens l o s t  -e ight  at a ra te  twice that of CSF 

Wtallograph Studies 

Typical ssmples of each available raw coke have been polished a f t e r  im- 
pregnating with epoxy resin. 
on the raetallograph with bright f ie ld ,  polarized light and sensitive t i n t  
plates t o  revea3 characteristic detai ls .  Senrples of CSF, TSGW, and GL-10 
(needle coke) graphite have been prepared with polished swfaces paral le l  
and transverse t o  the whole-bar extrusion axis. 
have beer, found which might distinguish between areas related t o  coke par- 
t i c l e s  and areas of graphitized binder. 
prepared f o r  comparison with the r a w  cokes and graphites. 

Pictures at  5 X  and 25OX are being made 

No outstanding characteristics 

Samples af calcined coke have been 

Gas Loop Project Mmag emnt and Design (Project ~ ~ 1 - 8 2 2 1  

A meeting was held w i t h  Bristol-Siddeley and Struthers-Wells representatives 
t o  discuss the problems occasioned by the late delivery of the primary gas 
blowers. As it now stands, the June 1 shipment date of the Phase A package 
is s t i l l  firm, but the th i rd  blower may be shipped direct ly  t o  Richlaud f o r  
assembly and installation. 

Fabrication of the in-reactor section is  approximately 2 6  complete. About 
55% of the required ma te r i a  has been received. 

A package is  now under preparation for  negotiation of instal la t ion ~f 
certain portions of the gas loop by the PRTR Phase I11 contractor. 

The design c r i t e r i a  fo r  the backup emergency pmer s c u c e  from 384 Building 
parer plant t o  PRTR loop installations was conq?let.ed. 
requisitions f o r  the electr ical  gear t o  complete the interkie were issued. 

Specifications and 

Gas Loop ComponenC, Testing 

'Ihe new nozzle closure assembly which had the sealing faces and body made 
of Hastelloy "X" was completed and put under test. 
leaked slightly when cold (one cubic foot per day), had no leakage when 
heated t o  a temperature of 1500 F and a pressure of 500 psig. 
Illentation used in  th i s  test i s  capable of indicating a leak of 0.001 cubic 
foot per day. The test was continued for  48 hours under full pressure and 
tempratwe.  

This assembly, which 

Instru- 

Again, d i f f icu l ty  was experienced in  disassembly of the 
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s e a ,  
s tee l  parts. 
possible a 

The hat test cf th flexibis hcse Pm.islied by A d c a  W ~ E  s70ppe.j. af ter  
the hose develqed a major leak. 
hours at 1200 F ard 500 psig xlth nc flexing. 
after failure showed matly pinhole leaks besides the maJsr leak. 

Testing of +,he outlet  'helium bellows is coq le t e .  
Parhs Ekgineering and A~owhsad Produts w e r e  tested. 
aIssen&iiss were +,es-i;zd a+ ~ C C  F f a r  10,000 cycles. 
&rawhead P r d x ~ a  demlcped a slight l e a k  afTer 8000 cycles. 
from Parts Ehgineerira passed th.= t e s ~  with co io% +-~&E-L 

Capsule i r m d i a T % D n s  of I n c x o l ,  Iricmel-702, Has.t:ellcy-X ail Hasielloy 
R-235 &ne i n  yrogmss t o  p=..~vide infonaaticc CIG car_.lila+e gas loop 
materials in re~pzst to effects cf i,-radiatior. an mr,ha.~~caL pr9percties. 

This wa8 caused primarily by growth and oxidation of ?he stainless 
b d l f i c s t i o a s  were s,t;a=?,eii tr; in-cease clearances *.ere 

The flexible hose lassed about twenty 
T e s t k g  of fhe hose 

Belims obtained from 
Botlh bellows 
%dims fzm 

The heliovs 



Tke loop operating coriditians were as described above. 
case GHX-1 was not b-ypaseed, instead it remained t0CYaU.y unby- 
passed. m e  C02 flow was assumed t o  decay hyperbclically from 
the i n i t i a l  15,000 l b / b  50 the mir-imum flow in  one minute. A 
scram was assumed when the C$ vas h a t .  

In tkis 

A minimum flow of 500 1k/& was choser as a lowe, - l i m i t .  
results at t h i s  f low indicate the maximum cladding temperature 
is about 1970 F. The m a x i m  temperature was seen t o  occur 
a f te r  abouC, nine seconds o r  ir, the flywheel flow decay period. 
At one minute the claddirg temperature w a s  abcut 1860 F or  110 F 
l e s s  than the peak temperature. 

The 

These results indicate only a zlominal C02 flow is necessary t o  
prevent fuel elemen? damage af te r  the loss  of the primary coolant. 

3 -  Tempe rature Tramierrt Followiw Simltaneous Loss of COp and Heiium 
Coolant. 
coolants, the temperature transierit was  calculated. 
conditions assumed were a 500 KW f ce l  elemer;t, 1500 F maximum COr, 
temperature, 15,000 lb/Fr oorm&1 Co;! f l o w  and 200 lb/hr cormal 
helium flow. 

After a to5al loss of Tluw of both the helium and C@ 
The operating 

A6suming that a scram OCCES on loss  of coolant flow, the shroud 
tube would be heated t o  600 F a$ about 1.6 minutes and melt a f t e r  
about 3 .3  minutes. The fuel element temperature would imrease 
t o  2480 F during this t i m e ,  well below the melting point of the 
cladding. 

4. Shroud Tube Temperature With No Gas Lo- Coolaat Flow. 
The maximum shroud tube temperature was determined f o r  the condition 
of the reactor at fa l l  power when the gas loop was without fuel 
element, primary coolant flow, or  helium flow. It was assumed that 
above the level of the moderator the gamma heating rate  was 14 per- 
cent of the maximum rate  fo r  the two process and shroud tubes. me 
heat generated i n  these tubes i s  assumed transferred radially t o  
the three adjacent kormil. process tubes only. 

A t  these conditions the adjacent shroud tube tempera+,urnes would 
increase t o  about 616 F, and the gas loop shroud tube temperature 
would be about 841 F. 
tures would be about 928 F and 954 F, respectively. 

me imer and outer process tube tempera- 

Therefore, a nominal helium or (2% f l o w  is required when the reactor 
is brought t o  full power and the loop f a c i l i t y  does not contain a 
fuel element. 

UNCLASSIFIED 
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Radiation damage recovery is being studied f o r  a number of instals; namely, 
copper, nickel, titanium, zirconium, iron, molybdenum, u d  type 347' stairiless 
steel. Tensile properties, microha;pdr;ess, e l e c t r i c e  r e s i s t a c e ,  and x-ray 
diffraction spect2a are being stlrdied t c  determine $he characteristics of 
recove-y nx?chanisnrs. 

&e hour isochronal annealing treatments at 25 C increments were ini t ia ted 
f o r  copper, iron, and t i t a n i u m  specimens and were extended from 425 t o  475 c 
f o r  molybdenum, zirconium, and high-purity nickel speciEns. Both the hard- 
ness and electr ical  resistance of irradiatod ccpzer showed practically LO 
change upon annealing at  teqera tures  t o  150 C .  
drops ic electr ical  resis+,anco occmed  bezween rcom temperature and 150 C ,  
and hardness 

sistance f o r  zirconium irradiated t o  1.5 x 1020 nvt took place at 8bout 
475 C; whereas c-ete recovery fo r  the lower exposwe (4.7 x 10'- nvt) 
specimen was observed at $00 C. 
4.7 x l&8 nvt exposure of zirconium was observed above 450 C which con- 
a t ih*es  the second recovery region above room temperature* 
be2ween 425 and $75 C occurred i n  the elecsrical  resistance cf both irradiated 
nickel and molybdenum; however, the hardness of molybdenum irradiated t o  
1 . 5  x 1020 nvt decreased s l ight ly  a t  450 C .  
irradiated and irradiated molybdenum specimens which increased markedly 
between 2G0 and 375 C showed l i t t l e  change between 375 and 450 C ,  

OII the ozher hand, pronounced 

ecovery cccurred at 200 C fo r  titanium specimens irradiated t o  
both 1.0 x 1 of 9 and 1.5 x 1020 n ~ .  Comple-ce r~ccve ry  of the electr ical  re- 

Significant hardness recovery f c r  the 

L i t t l e  change 

The hardness of both the un- 

Age ha-rdening similar t~ that  observed ir, irradiated molybdenum above 200 C 
vas observed in  unirradiated molybdenum wkkh  w a s  solution treated at 1150 C 
arid aged at 500 C fo r  4.8 and 24 hcws. 
2L hours. 
specimns were startedt.  

Overaging was riot observed out t o  
X-ray diffraction stkdies cc determize s t n i c r u r a l  changes i r r  the 

X-ray studies of t i t a c i u m  specimem both unirradiated acd irradiated t o  
1.0 x l d - 9  and 1.5 x 1G2c r,'~t vere coqleted.  A s l i zh t  decrease i n  the 
c/a r a t io  ar;d a lirLe broadexing exceedicg 50 percent f o r  the l o 5  x 1020 r,vt 
specimen were observed. 

Ari 1xir-aiiiated molybdzr,um specimer, and specimens irradiased fa 1 x 
1 x 1018 nvt were pre-strained beyond +he y i e 3  paint, amealed fclr fou r  
k a u s  at 350 C ,  and again plast ical ly  st,raixe?, S-yair. agifig characyerized 
by a return of the yield @r;t was mt observ~d in  a y  zf ';he specimens; 
hawever, a small Fositive Aisglacemen: cf t k e  yiei  st~e~gd: was observed 

with pracfically xo plast ic  sfrair, ar_d ek ib i t5d  zi cleawe-type fa i lure ,  

and 

af te r  SnnealiLg. A specimer, irradiated tc 5 x 1oL -8  ~ v t  brclke abrkptly 

UNCLASSIFIED 

1 2 5 2 - 1  I 9  



A-47 

E. CUSTCMER WORK 

Radiometallurgical Examir,;it icns 

RouTine S h g  Exan,ination [RM-403). 
exte,-naj;y cooled W a r d  pxductior; fuel elemat ,  w a s  com@et;ed th i s  morth. 
The element exhibited a ko.i;-spot direct ly  opprsite the r ib  marks on the 
female end. Rougf= Dandling of the elemnt pr ior  50 irradiation w a s  indi- 
cate& by several .len$s whick were observed cn the surface of the can w a l l .  
The flow patterr, .risible at the fema.le end of the slug indica+,ed %hat the 
slug may have cockec? s l i g k l y  in  the vertical directior,. 
both above and belsw the internal coclant chancel. 
t rss?rersely at the midpoict and zht two halms were sectioned longitudinally. 
'lke surface of Ske inte,-r_al cooling c h m e l  w a s  i n  good condition, and no 
mbonlle2 areas 'Erere observed. Niro cracks c r  defects in the uranium fuel  were 
observed 

Examinatior, of LO3-3, ar, irit,e,-nally a d  

A pattern w a s  seen 
The slug w a s  sectioned 

Xou%ifie Fuel Element Examhatior, (RM-403). 
(KL 257Dj vas conrpleted t h i s  month. 
streaks artd ~ i f e  visible on the top side of the jacket. 
in  the spire was loca%ed spproximately 3/k-icck from the male end and ex- 
tended fsr 1/2 inch. 
arrd f ive m i l s .  

ExamFr;aC,ion cf sample 403-4 
This elemert had erosion-corrosion 

A scratch observed 

%e depth of the scratch was estimated between two 

Ben9 Test Samples (FW-329). A t  %he request of IPD personnel, four samples 
of fuel, each f ive inches io%, were.removed from 8tl irradiated 0.020-inch 
thick'wall, coextruded 2-r-2 clad, natural uranium 7-rod cluster fuel element. 
The sectioned sa.@es were ShipFeC t c  IPD f o r  subsequent bend testing. 

Exmixation of Corrssion Coupons (RM-286). Five Zr-2 co-rrosion coupocs were 
deiiverej. :o the Analytic& Chemistry Operation f o r  hydrogen analyses. 
E i r ey -  E ix corrosior, cou$ons w2re weighed, w i t h  18 beicg cleaned before 
weigkiq . 
L a m p - q b  
factc.rily, 
dri l l ir ,g a 9/16 inch diameter, seaied zirconium tube representing a ceramic 
fuel. elemrit. 
systea is par t ia l ly  c o q l e t ~ .  
?he lamprey is  Jure 1. 

The lamprey dr i l l ing  mit is  complete a d  has been C,ested satis- 
A stat ic  iracuun of 8 x l G - 5 a t m  was obtained before and a f t e r  

Fabricatdx sf the portable gas collectior, ar-3. measuring 
Tne tazget dace for  hot c e l l  operation of 

Radbac t iv?  Materiala Receiving arrd Storage Addition (Project CGH-790). 
Inst.aLlaxior_ cf inter ior  w a l l  paneling was completed, and inter ior  painting 
is aboTit 955 comple+,e. 
of tke basin. 
pending receipt of sewral s m a l l  equipmer-+, items which were not ordered by 
the cmtractor e 

Minor construction forces are preparing f o r  painting 
Acceptance t;esting of the project equipment has been delayed 

H i &  ievel  Exaslinatior, and C-&-off Cell. 
tke High Level Examiriation and Cur-off Cell during the month i s  l i s t ed  below: 

Exanina+ion work accomplished i n  

1 2 5 2 1 2 0  
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- Number meration u 

SaqiLes into c e l l  30 
C o ~ r w y o r  transfers 23 
-Q6=m 12 
Length measurements 0 
Diameter measurements 8 
msrrtic mounts 1 
Gr lad ing  0 
Sam@lee sectioned 18 
wo. of etarldard cuts* 49 

* Qle "standard" cut = one transverse sec+,ion on a solid 1-1/2" rliameter 
uranium element. 

etall0p;raPhy Laboratories 

A new lapping aurface plate was devised f o r  use with the Syntron automatic 
polishera. It conslsta of 600 grit si l icon carbide abraaive powder mixed 
into a cold setting polyester resin which is subsequently poured onto the 
lapging plate, allowed t o  harden and then machined f la t .  
ahow that this lapping surlace sems very wU. as au intemdiate step 
between fine grinding and polishing in the preparation of metallographic 
specimens. 
the new lapp- plate prepares a specinren f o r  fine palishing i n  a short time!, 
although not as quickly 88 could be done manuallg. However, the advantages 
of the automatic grinding and polisk- are flatter edge preservation of 
specimens and the number of s g e c m  done sinrultaneously which reduces the 
operator t in re  per a w e  quite markedly. 

Replication and e l e c t m  microscopy work fo r  the math  included the following 
examinations: 
iated U@-FuQ fuel elements, exambation fo r  particulate matter in D.O.P. 
oil, irradiated U-Pu and A1-Si-& alloys, charac+,erization of Spencer fused 
and NorC,on fused U% particles,  a carbon 3eposi+, fo-=med i n  a loop at ORNL 
during a natural convection test, and irzadiate5 U% fuei elelllenta. 

!he results and interpretations of these nretaliogyapkic exatnixations will 
be reported i n  comection wit5 the respecti-Je reseaxh a d  development 
pro@;- 

Preliminary tests 

Used in canjuuction with the Syntron automatic polishing machines, 

irradiated uranium ixm a 7-rod cluster f'wl element, irrad- 

Saqples Frocessed During the Matt;. 

Total ,samples 402 
Carbon replicas 33 

photographs . 
Micrographs 315 
&crog*-apks 142 
EZectroI: Micro- 

% graphs 

i 
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O f  the f irst  118 fuel rods processed thzmgh *he ultrasonic bond tes te r ,  
80 pcrcmt met  tLe specificatiocs fo r  acceptable rods. 
a fuel rod must not have a Iscai-borA area over G.125 square inch. 
be noted that the g r o q  included ten known, noc-standard rods, eigkt of 
which were rejected by the bond t e s t .  
gassed, sealed off ,  allcvecl t o  c 3 d ,  =heated, extruded. 

To be satisfactory, 
It should 

The ten rods were aseambled, out- 

N o m y  the pieces are not cooled and reheated. 
fuel rods subjected t o  the ultrasonic bond t e s t ,  88 percent were satisfactory. 
No rods have been rejected because of segregation Fu the A1-Pu core. 
average c&c w a U  thickness of all rods tas been about 0.085 inch. 

ap the next group of 89 

?Ihe 

Over one hundred b i l l e t s  have been cast e t 0  both end configurations, thus 
completely eliminating machining and scrap generation with the exception 
of chips from c u t t u  off one end. This cut-off operation TJill a lso  be 
eliminated by closer control of the tolerances on the mold. 
cast-to-aka e ?Xliets were extruded; one was rejected for end-thicker.- 
(d9g-boriin.g P . Tkis problem w i l l  be eliminated by removing the abrups change 
of coIl+,our at one end. 
t o  shape. 

FifY,een of the 

All b i l l e t s  fo r  the fabrication are now being cast 

. knager, Reacfor and F'uels Research 
and Development 
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PHYSICS AND RESEARCH AM) D E V E L O m  OPERATION 

MONTHLY R E P m  

MARCH 1960 

Raclear Safety in the -1s Preparation Department 

The nuclear safety specification far the stora&e, handling and transporting of 
0.964 enriched urrmlw~ fuel elemeats was revisdl t o  provide more operating f'lexi- 
b i l i t y .  
specification WSB written. 

These revisions were based on data obtained since 1956 when the present 
The m e s  kre ~lmm~~izeC below: 

1) The storage of loaded pallets and shipping boxes was increased abuut loo$. 

2) Tht permissible we- of o.$$ enriched uran~wn per unit area was 
increased frm 106 l b s  U/ft2 up t o  318 lbs U/ft2.  

3) The autoclave loading limit was increased 124; the spacing required between 
stacks of autoclave baskets was reduced. 

5 )  The spacins required between two 0 . a  s r r a ~ r e  was reduced *an s i x  feet dam 
t o  three feet; a s i x  foot spacing between 0.964 a m q m  and n a ~  uran~um is 
no longer required. 

6) The inter-area truck limit was increased 50-100$. 

7) The number of ftae~, rejects shipped offs i te  per railway car was increased frm 
250 t o  1OOO; the lllllPbGr of barrels, each containing up to 200 lbs U scrap, 
were increased f'rm s i x  t o  twelve per car. 

. A talk was presented t o  '30 
Burst Characterietics, Accidents and Contx~.s". 
tims was a lso reviewed. 

engineers on the subject of "Nuclear safety - 
&clear safety in Fm) opera- 

Nemtron Tanperatwe Studies 

The @alley proofs of the two papers, "An Imrestlgation of Effective Heuh-on Tem- 
peratures" and "Calibration of Lutetium for ~~asuremeats of Effective Neutron 
Temperatures", were received during the molrt;h. 
returned. 

!l!hey have been proof'read and 

When the s p e c t r a  index of the  them Doutron distribution (Le., the neutron 
temperature for a pure m i a n  iUstribution) in a reactor spectrum i e , r n e m  
by lutetium, the measured ac t iv i t ies  must be multiplied by a factar which corrects W 
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the tatal activities t o  thermal act ivi t ies .  This factor I s  
\v 

where 0 i8 the ratio of the eplthennal subcadmium r e s o m c e  integral t o  the 
eplcadmium res-e integral and CdR is the cadmium ra t io .  

In order t o  obtain an estimate of the effect  of a on the spectral Wac, 
resnnAnae integrals were calculated for the lutetium isotopes. 
tione lyrvs been made uder t w w  different assumptions. 
"l/E?' Sgectrum is Joined t o  the M8xweUlan distribution according t o  a j o i n i n g  
function given by Ebuxltz. 
equal 0.025, 0.040, 0.050, 0.075, and 0.100 ev. For the &her ammytion, the 
"I/,' d i e t r i h t i o n  i s  assumed t o  cut off sharpl~ at p ~ .   he cac.iLations made 
under this assumption were carried aut for  values of pkT which equsl 0.093# 
0.252,  0.133, 0.155> O.l%# 0.45, 0.55, and 0.600 ev. The calculations show 
that the resonance integral for  epithermal subcadmim neutrons is amroxlmately 
four timss greater whul calculated under the assumption of the zhmi tz  joining 
function than under the "shBlpcutoff" assiption. The calculations made using 
the m t z  m o d e l  were only for survey purposes and were not calLulated aa 
accurately as the  sharp-cutoff resonance integrals. 
will be W e  wlth AC$ (s program uhich lmmrericslly integrates according t o  
Simpson's me). 

The calcula- 
For one sssunption the 

The r-alculations =re made for  values of k!J which 

More exact :.slculations 

order t o  obtain some Idea of how the differerrt assumptions affe2t a neutron 
temperature me&~urement, the resul ts  fraa the Hurwitz m o d e l  were used t o  correct 
the lutetium measurement mede in the TPR internal column. 
tu re  which was calculated with the "eharp-cutoff" model has bean reported as 

- The neutron tempera- 

. 342%. Using the M t z  m o d e l  it is 325%. 

'phe program ACE w a s  used t o  recalculate the five g Zacfors f o r  Lu-176 Which were 
used t o  no-ize the ratio of lutetium activities report& in N-62777. 
resul+,s agree with the previous calculations. Fsctors have d e o  been ca lo ih ted  
t o  cunpem with experimental data which is being analyzed, 
tke relat ive t h e w  acf iv i t ies  of the t w o  lutetium isotopes between 210 aad 

TIE 

This data measures 

273%. 

The spectraneter was opera+ed successfclly during the whole month. 
of Lu-l?& was obtained by irradiation of 4 0 3  in the intermil sdxtnn of the 
TI%. The sample was irrsillated in a cadmium capmle in order t o  minimize the 
mount of Lu-177 prduced. 
by Lu-176111 were measured with the spe, Ptrmeter.  
abundant beta parklcles b v e  a maxinnlm energy of l.C4 +, 0.05 b v .  
act ivi ty  of the source was too low t o  observe more than one canponent of the beta 
spectrum. 
tbe distribution f'rcm a source with a greater specific activity.  
will be obtained fran an irradiation at F Reactor. 
written and all of the necessary signatures have Seen obSained fo r  th i s  irradia- 
tion. 

A source 

The manent-an distribution of the electron6 emitted 
It was found that the more 

EE specific 

This preliminary data w i l l  be used to plan a detailed cinalyeis of 
s m c e  

A Developen% Test has been 
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NeEtron Temperature Coefficients 

Debuggiag of the nuclear data tape code has been cmpleted, 
used successfblly t o  update the previous nuclear data tape. 
microscopic cross sections f o r  20 materials, the present tape has macroscopic 
cross sections for  8 materials. 
becane available. 

i 

This code has been 
In addition t o  the 

!The tape can be easi ly  updated as more data 

The nuclear data subroutine> WDA!TA, which compiles the nuclear data needed in  
a reactor code, has been cmpleted and is ready f o r  use. 
routine and its use is Seing written. 

A report on th i s  sub- 

Wtimaxwellian Group Analysis 

FXT-1 was operated almo8t daily during the month in an attempt t o  f i t  the epi- 
thermal flux data frcnn the neutron rethexmalization experiments. 
appeared desirable and were incorporated. 
of the program explained last month. 

Several changes 
None of these affected the basic logic 

The limitations of the program, which had not been brought arf i n  running t e s t  
cases, are becaning a m e n t .  
are well known, the program w i l l  find a value for  the unknam parameter quickly 
and calculate a theoretical  traverse in good agreement with experimext. As the 
number of uncertain or unknown parameters increases, the program's effectiveness 
appears t o  decrease. As an example, an' attempt was made t o  f i t  a se t  of experi- 
menta  flux traverses, using a se t  of e p i t h e m  parameters frm AFZX-369 as 
first estimates fran which t o  begin i terations.  A particular order of m e t e r s  
on w h i h  t o  I terate  w a s  selected, based on estimates of t he i r  accuracy. 
repeated iterations, the program converged on a set of values of these parameters 
which differed significantly fran the first estimates and for  which the calculated 
flux traverses showed only fair agreement with the experimental measurements. 
Furt;her t e s t s  are being run t o  deternine the  effect  on convergence of the order 
i n  w h i c h  the pamunetera are i terated.  

If all but one of the neutron diffusion parameters 

- After 

Neutron Thermalization 

Consideration has been given t o  the qpestion of absorption hardening of a Max- 
wellian eaergy distribution of t h e m  neutrons in heterogeneous, neutron absorb- 
ing media. 
sented as a negative source of neutrons. The energy distribution of t h i s  source, 

The neutrons absorbed aut of the MaxwellIan distribution me repre- 

distribution, is that applicable in the limit of RnrR'11 
where M(E,kT) is  the Mamelllan distribution and U ( E )  

is  the t o t a l  cross section of the medium. 
the mdium until it is  rethermalized i n t o  the Mexwellian spectrum. 
t h e  absorption flux is everywhere added t o  the Maxwellian campanent. 

The cross section of a "l/vl' absorber averaged over the absorption epectrum IS 
1.273 times larger than that f o r  the Maxwellian spectrum. 
mediun i  the effective 

The negative source diffuses thrw 
The new- 

For a homogeneous 
ron temperature is 

ture  ~p by an amount % 0.546 + 0.075 
Cross section of the m e d  t um and 
ization of the absorption 
section for  graphite can be obtained f ran  recent measurements. 

W 
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d Neutron Rethermalization. riment 

A limited deecr i s ion  of the recent exgeriments on neutron rdhemalizat ion 
has been given in previous Monthly Reports. The snalysis of these experiments 
d u r a  tha pest month has been directed towa.rds twu primary objectives: 
deternine the temperature dependence of the rethermalization cross section of 
&caphite between the absolute temperatures 140% and BCOOIC, and ( 2 )  t o  canpare 
neu5ron teup&atures obtained f’ra l/v t r a n r e e s  with those obtained frcm lutetium 
trtwerses, The latter -de8 a meam of checking the applicability of the group 
diffusion model employed in this analysis. 

(1) t o  

The analyeis for the dctexmination of rethcrmaliza,tion cross sections has been 
limited so far t o  the evaluation of the best parameters f o r  5he fast fltuc. 

The anaJyais is a stepwise procedure with one independen% step and three dependent 
depe.  They aro (1) evrtluation of the best 

t o  yield the correct 

cross Be ions for graphite which minimize the sum of the 3quk-e~ of differences 
between +a fitted and experimental curves (while lr~lding constant the va~ues 
found in steps one and two), and (4) determination of the sensi t ivi ty  of the re- 
thermalization cross section thus found t o  small uncertainties ia known diffusion 
parmeters. 
dam flux at 5 w, as measured with cadmium covered Arz and is essentially indepen- 
dent of the other steps. The last three steps are doze with the Au data and trav- 
erses of the thermal activity of 3 l /v  detector (Cu). The precision of the last 
three Steps is rather sensitive t o  precision of each preceding step. Work on step 
two is in progress. 

i n  tke two experimelrtal regions, 
(2) adjustm!rrt of C z  tc slow flux while hold- 
iag ””/2 constant, ezmination of the values of the r e t h m i z a t i o n  

The first step is done with experimental values of %he slowing 

Same time has been spent on the analysis of lwketium data for  tce determination 
of traverses of effective neutron temperatures. 
calculations. 
of the energy dependence of epithermal neutron spectra i n  the PCTR core. 
least four spectra axe possible or have been considersd auf‘f2cient in past work. 
They are (1) a 1/E spectrum af epithermal neutrons K‘th a sharp, low energy, 
.cutoff at ( r k ~  ( ~ 5 ) ~  (2) a L/E spectrum with a westcott cutoff function aefined 
by pkT (p=4.3), (3) a slowing down s p e c t r a  based upon snaU source theory 
which f a l l s  off much faster than i/E, md (4) a spsctrum derived by Wuwitz, 
et al, which is a 1/E spectrum multiplied by a joining f’unc.L,ioc, B(E/kT). 
first two spectra are not significantly different so far as neutron temperatures 
are concerned. The latter two spectra are significantly different and give r i s e  
t o  temperature changes which may be as high as 20-30% at k O c K .  

Two problems exist in these 
The first problem is thak of deciding upon the best description 

At 

T!E 

The second problem i n  the detezminatlon of the temperatwe of neutrons with 

activi.c,ies of Lu-177 and Lu-176 m is proportional t o  &T9. The constant of 
proportionaJ.it;y is a functim of irradiatdon times snd mnrrlr,er efficiencies and 
muat be e m h a t e d  by each experimenter. The effect  Qf i r r a d k t i o n  tiae mt be 
salcvslated. 

c9dm.b~ ra t ios  are not measursd. The f h e m !  :olmn has a .;admZun: r a t i o  of 

is one of calibrating the counting slystem fo r  use with the curve of 
vs. neutron temperature. It 5as been shown that, fh r a t i o  of the them 

The calibration of the courrter requires a s i  5 f c i l  a&ivated i n  a 
t h e w  colum v i th  9 c a m  ra t io  of a l/v detector ”, 10 9” f x  I.$ accuracy, if 

I 
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0.5 255 242 25.2 . 

6.5 2'79 264 

2.5 259 248 f4.3 
4.5 266 252 i5.4 

*'05 

7.4 298 277 w . 5  

- .  

9.4 341 307 f10.5 
11.4 366 325 ku.8 

f13 .O 13.4 369 324 
15.4 395 328 f18.5 
16.8 409 318 225 .o 

-' 

a l /v detec3or of appr-tely this vdue .  
bration fo r  these experiments. 

Data have been obtained fo r  this cali- 
The asalysie has not been cuupleted. 

Sane calculations of neutron temperatures have been made using a calibration son- 
stsnt  which is expected t o  be within a few percent. *The results and experimentdl 
conditions are tabulated below. 

REGION TWO I -Ion om 

Neutrm 'femgerature I Neutron Temperabare 
Radius Westcott wuxi t z  Uncertainty Radius Westcott Hurwitz Uncerbaintv 

Region one radii are 0 and 7.5 inches and the graphite temperature I s  
144%. 

Region two radii a;re 8.25 and 16.6 inches an& the graphite temperature 
is 290%. 

The "Westcott" temperatures are based on a sharp cutoff of epithenua,l 
neutron spectrum at 4.3 KT. . 

Bturwifz, &.a. spectrrrm. 

A Program for  A n a l y Z a  PCPR Data 

ApDA@-I continued in limited production use, under the control of the progranrmer. 
Abaut forty foil traverses Snd cadmium r a t io  measuremenb~ were analyzed for mem- 
bers of Reactor Lattice Pbysics. 
Per case. 
of error made. 

One definite, and two suspected, p r o m  errors have been obsenred. The press of 
other work prevented location and correction of these. 
these errors are corrected, the program can be made available for  production use. 

Cost of anslyaie is fran two t o  three dol lars 
Ekrors i n  the inpiit data may run the cost higher, depending on the Cum 

It appears that, once 

Instrumentation and -tans Studies 

The inf'rared radiation pgraneter for  potential in-reactor graphlte tempmature 
messuranents was demonstrated t o  interested Dmdia t lan  Processing Department 
personnel. Since the dauonstration, a method of dr i f t  camensation bas been 
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been installed on a metallograph t o  read temperatures of Zircaloy specimens in the 
rangs of 500' t o  1000°C. 
unit c-8 very'well wlth the thermocouple temperature readlng. Final calibra- 
tion adjustments are pow being made. 

Prelhbaxy tests at the installation show that the 

Investigationsl continued on methods of neAtron/gama discrimination based on dif- 
ferences in eclntillation decay rates (output pulse shapes). A CsI(T1) crystal 
and two uaerctivated p&I crystals wem received for use in experimental m e a s u r e -  
ments o f  the pulse shape effect. 
for the detailed study of fast pulses'continued. 

Clrcuite were developed for  a ccmplete liM magnetic tape unit t o  record the output 
of an in-pus m a t i o n  monitor. 
recorder input t o  read output displays a l inearity of + 0.25 percent over a pass 
band of d-c t o  3000 cps. This will be used t o  obtain information relative t o  the 
transfer function of a reactor. 

Devclapnent of a ccmplete electronic system 

'Jsfng only t rans is tor  amplifiers, the system fraa 

Prelbxlnaq and final material buckling valrres have been measured this month f o r  
several different Are1 elements. The results are given i n  Table I. 

TABLE I 

mel Lstt ice - Elanent spscing (W 

with 1.17 
2.5 x 1.6 10 3/8 d r y  

2.5 x 1.6 
with 1.17 

10 3/8 w e t  

2.5 x 1.6 
I a n d E  

10 3/8 dry 

2.5 x 2.0 
wlth 8 3/8 w e t  
1.66 x 1.1 

* Preliminary values 

(1o-~an-* ) 

+9)c 

+102 

-85" 

x 
(inales ) 

1.5 

1.5+ 

1.5 

1.66s 

Volume Ratios 
A1/u HpO/U c/u 

305 -_ 25.03 

-305 .631 25 -03 

.43 1.102 21 .I2 

The material buckling listed i n  Table  I f o r  the tube-in-tube fuel element was 
measured  in a 6 x 8 foot exponential pile. 
i n  4' piles. 
inches. 

A front-rear horizontal traverse has been taken with the counter inserted frm 
the side of the exponential pile. 
wb3her o r  not a possible displacemerit of the effective center of the BF3 tube 

The other bucklings were measured 
.The front-rear extrapolation length used in  all cases w a s  1.03 

The 'h. i n  Table I is t3e side-side extrapolation length. 

This traverse w a s  taken i n  order t o  determine 
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fran t5e physicsl center of fhe tzbe had any e,efect on the measured PronL,-rear 

";he? e-rrors of the measurement, was the 8me as ha3 previmsly been measured with 
the counter inse=cted frm tbe froat cf t i e  exponential 2ile. 

u extrapolatios length. The r e s a t e  geve R f.Tom-re6rs o f  1.06 inches w 5 i c k 3  w i t h i n  

Three side-side horizontal traverses have been taken in the 6 x 6 foot expanentie 
pile, with the neu+Jron 8ources placed at (* a/4, 0 1 and (0, f b/4); wkere a is 
ths effective widtt and b tbe effective depth of the File. 
in Table 11. 

The r e s v l t e  are shown 

TABLE II 

Cell 
P Q s i t  ion 

Between Tubes 7 .goit * .05 

Thu8 the side-side h is esselrtieJly 1 inch witin tbis source dl&ribution canpared 
tc! 1.70 inches i n  the 4' pile  of the same adth .  
is being taken i n  the 6 x 8 foot pi le  with the sources clustered close t o  the axis 
0: the pi le  as they are in the 4 foot piles. 
the nar source d i s t r i b u t i ~ n  will help in understanding the difference between 
llsrge and small pile extrapolation lengths. 

Another mries of measurements 

It is hoped that the results with 

J 

FClB Measurements of Large M&er me1 Elements 

The enalysia of the data fran the 2.5" x 2.0"# 1.66" x 1.12" ?aabe-in-tube experi- 
ment in a 10.5-inch l a t t i ce  has been partiaUy comple+,ed. Preliminary ~ d u e 8  
for the la t t ice  p&raneters for the dzy l a t t i ce  lave been obtained. The L is 
1.G450 the l/v-fbel utilization is 0.918, the resonance escape probability i~ 
C.815 snd the fast fission factor is 1.039. 

. la*tize f o r  the & a?ld +,he l/v fuel z t i l izat ion are 0.982 and 0.83C, respectively. 
Bellminary values fran the wet 

The experkental work with the 2.5" x 2.0t', 1.661t x 1.1" tlibe-in-titbe element 
in an 8-3/8" lat t ice,  with water coolant, has been canpleted i n  the PCIlR. 
of the 5ata is in grogress, A prelininmy v a u e  of & = 0.985 has been found 
for  the infinite multiplication constsnt. 

!Rie preparation and fabrication of eqpiment for mea8urement of k,,, f, p, and E 
of a 2.5" solid f ie1  element in  a lO-l/2" l a t t i ce  is almost canplete. 

Analysis 

FCTR Bssurement of & and f for Selected Clurster Elements 

ccmpleted. The la t t ice  was a seven-rod (.9e5-inch W e r  9 natural uranium 
Refined asalyses of the experiments t o  masure w a t i v e  

clr;lster, water-cooled, in  a 7-inch graphite la t t ice .  The results cf the new 
-pis do not show quite 88 good ag=eemnt as the preliminary values reported 
in +he December, 1959, Monthly Report. 
dram. ~m?e results are: 

la t t ices  have been 

Hapever, useful conclusions can s t i l l  be 

4 
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W o r n  eariehmant of A;el to 1.007 
weigfrl; prc& U-235 

0.939 f .002 

'phe reerult for ths uniform enr i chea t  method was obtained Ppom the relaticnship 

It i s  BBCC -4.a the table that the results for fhe a.llcy-ey-ichiq and copper- 
poiaonfng methods ao not; agree w i t h i n  specified errors. 
csn be attributed t o  the fact *ha% in the zopper-poiso- experiment, tbe la t -  
tice c e l l  could not be placed in the groper spectral snvirmmelri; because of the 
fregracticaiity of reaoving absorber frcm the lattice. 
effect can be eatimstad 9rcpl observations m6.s i n  the UO'J zslriclrpnent method. 

w Wu of the discrepancy 

-The ma&*ude of the 

1% wae faund tbt by not e n r i a  the Suff3r cella !:cmpe,red tc the p r w r  
pzoc&mi of emirhiog s, l l  3 sells) a +6 mk erSor in the qbscned value of & 
retsul';ed. This effec* vas coqlet2 with a 1% change i n  t k e  fast-to-slow flux 
r a t i o  incLaesx5 cn the test %el e l u t e s .  Oc the basis of the rala5ive change 
in .flux r a t io  tc be expect& upon rep~~fal of atmrbe:, i': is estimsted that the 
spectral cod i t ions  prevaiiiq ia the experinen% caused a minus 3 mk zrrm i n  
the copper poison m e S i o d .  W-eD this estba*ed xrrec$i.cn 5s apglied, t ~ e  value 
for the poison rretbd is 

kt the present time, no reason is born fcr t3e 1s E& dlucrapancy between ti;e 
results em the allvj E& unifom e n r i a e n t  metha3.  
the effeeLYive neutron temperatme o r  ucertainty k the calculated ratios m i l d  
ermr in to  the difference. 
expected in maLyzing concentrated versus bistrlbuted enrichment. 

bproved hhf%ods of Reactmr Psramet,sr CalmlatFom 

Sate moCr;fis ago, Selengut pzoposed a zew methd far ca,ls\rsati.q effective vdues 
of The &iff is ion ccefficfent and diffbsfon length fc r  a heterogeneous la t t ice .  
At that, time 6, rPrrmerical ctcanparsfon of Selsngut's method v i th  more conveaticnal 
methods w a s  begun, using e s k p l e  heterogenems lat5ice consisting of a so l id  rod 

= 0.944 i .w. 

Emever, a change in 

The 3iscrepnc.y is a mefz~ure of the effect t o  be 

u 

1 2 5 2 1 3 0  

http://xrrec$i.cn
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W Fs33ricstion was canpleted on the lead shield detector Lead for %he pmtotyye NPR 
Scintillation Beta-Gamma Alr Monitor. The incorprated lrrcite ligbt ptpe and 
tergthezxyldn-polpinyltcluene de*ec+,or was tested with a point beta-gmma source. 
Ve;ciatic?ae in geuuetry were lese than faur percent mer the eanplete $m-w-fw- 
Inch area. All of tl;e sircuitry for thia inwtzwment has been previmsly developed 
Md tested; %herefore, the circuitry ~l;ercdy needs t o  be fabricated t o  cauplete the 
instrument. An adequate air pump has been determined and will be ordered. 

coat- propess was made concerning the prototyge m Fuel ElenLent Rupture 
Detection System. The detalled fast and slaw-man mechanical design was canpleted 
for tbe f'ull-scale mockup. hBchanical fabrication of the f'uU-scale mockup waa 
started and is proceeding on scfiedu2e. 
moat&. 

It i a  scheduled fa- rcmpletim in two 
An Interim sta+zus repo; is near cunp1et;ion. 

An analog program has been prepared t o  &tennine the minfnnrm number of venta needed 
in the mpR confiner. 
Var i a rvJ  $ypes of incide~&S nill be considered; e.g., a break i n  a header. 
problem will be canpleted i n  April. 

It i s  desi- tha5 pressures beluw 5 ps i  be maintained. 
This 

R e s u l t 8  fran the ZPR Beat  Exchanger (EX) program were obtained this m&b. The 
Rrc@mn gives She HX rerpoMe, where the heat transfer coefficient is a Rznction 
of the prirnm;ry and seconda;rg temperatures and flaw rate. 
t,iom.lized t o  provide a better descripticn o f  the ou-blet temperature. The results 
included the HX response t o  w i a u s  disturbances, such 98 i n l e t  temperatwe vaxia- 
t i 0 - 9  f l o w  decay3 and, m i a t i o n s  on the steam tenperatwe. These r e d %  were for- 
w a r d e d  to Reactor aa& slystem Design Analysfs - TPD Design. 

Ans;Log caupwker solutions of the reactor kinetic equtions were obtained. These 
are more consistent S a  $he Litton DDA &results a m  check the +,keory more ?losely. 
%ere i8 encwsgemerrt that the natwe of the solutions can 3e predizted theoreti- 
S U Y .  

Tl;e HX was also sec- 

W 

The xrrelrt stakus of the project at3 reported by clmsl;ruction Engineering Opera- 
t ion  is as fo l lms :  

me tot& prc.ject is 78 percen? ccmplete! v e r w  a scheduled 87 percent. 
gomi03 of the project covere3 by the fixed price ?,ontrac+,cr is 95 percent cun3lete 
V B ~ ~ I S  a achedulet3 93 percent,. 
blay  d.urJ;ng the month in delivery of the inst-run?en%ation a& contml system. 
€&s& 30, hovever, word -ma received tksf; the ccmaete systea; hail been shipped with 
expected del ivery  a.: ~ c r d  on aril 4. 
&lay ir, delivery of the i n s t m e n t a t i o n  *&li have m t'se ,xmpletion of the facil- 
ity, DQ chmgea h v e  been m.&e ic ibe original date sf x t n ~ l e t i m  ~Cfcf t  13 June 
30, 1966. 

That 

The t o t < s l  project status reflects the contimed 
On 

Since it is LGT ::emsin v k a ~  effect the 
w 

1 2 5 2 1 3 2  
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ElZe were received and a pur-&ase r e w s i t i o n  l e t  far fabrizaticn of the in-hood 
r e w t o r  mnponents. 
and supporting stmctures, &,c. 

u W e e  include zcntrol  sslcl sde ty  rod drivers, dump valves, 

An order was placed for additional reac+,or vessels t o  be used in the in i t ia l  
series of experiments with plutoniun solutiozm. 
spherlcsl vessels with nQpiz183. diemeters of 12 inches and 13 inches, which may 
be *wed in botS bare and reflected criticali+yy m r h e n t s ,  and two cylindrical 
vessels with dismeters of ll inches and 13 inches, designed for unreflected cri t i-  
cality cqeriments. Design is proceeding on cylindrical vessels fo r  reflected 
expe=.&nente. 

This order incl-iades two 

Design is also proceeding on a split W f  cr i t ics l  assembly machine for use in 
criticality experiments wi3h solid fuels (simulated precipitates) *ich are being 
developed t o  -lore cri t ical  phenatnena in  the H/pU range of 5 t o  30. 

Ezperlments for Nuclear Safety Spe cif icat ions 

Wpommtial meamrements were continued. f3r determining the qzantity of neutron 
absorber which must be added t o  a water moderator in order t o  "safe" a hetero- 
geneas system cf enriched uranium. The buckl- was measured wlth one percent 
enriched uranium rods of 0.925-inch diameter a t  aa QO/U volume ratio of 1.37 
(latt ice s acing of 1.40 inches). 
3040 x 10- 
+,or w a ~  1882 x 1 ~ -  an-2. 

The buckuag fo r  the unpoisoned lat t ice was 
$" buckling for  the case of 1.5 dI, boric acid in the modera- 

Ekponsntial exp=riments w e r e  conducted with nstural uranium fuel elements in 
ligat water. !&! measurements were done in order, 1) t o  better a u a t e  the safe 
mass limits for natura uresium in light mter, and 2) t o  obtain buckling m u e s  
for the interpretation of p l d    rim eats involving a three-percent la t t ice  
reflected by 3 natural uranlum tamper; this type of system could be obtained if 
enriched uranlm were inadvertently placed in a diasolvsr contaiaing natural 
uranium. 
were positioned in thin -cite tubes. The buckling was measured for two latt ice 
spacings. 
optimum value fo r  n a t m  m u m  in light water (as predicted f rau  a&ations 
and offsite measlirements). 
In botk cases the buc?kliag was negative. 
of meamremeniu are relatively large e 

L/ 

The fuel elements for these experiments were 0.95 inch in d i m e r  and 

With this frrel rod diameter the buckling should have been near the 

The results for  the two latt ices are summrize8 below. 
Howwer, the error limits for this kind 

Buckling for Natural Urar;ium Water Lattice 

€bo/u 
Lattice Spacing Vol& Ratio Buckling 

-6 2 1.5 inches 1.89 -24 x 10 cm' 

1.6 inches 2.29 - 3 6 7 x  10 -6 an' 2 

The error  limits in bath wses are esthated t o  be about f 250 x 10'6an-2. 

An exponextiaJ a~e!riment w i U  also be 
should pennit a better estimate of t h e  

e light water lattice. 

made with a l.&inch la t t ice  which 
maxirmmr buckling for the natural urantum 

1 2 5 2 7 3 3  
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Data Cormlatian - Develalprent; of lluclear Codes for Critiesli ty CslqAations 

The ini t ia l  reduction of the P- l l  plutoni'lmr c r i t i ca l i ty  data t o  an empirical- 
onegroul, represetxitation has been accanplished. 
e- data were taken at auy given H/Pu r a t i o  t o  give much confidence to the 
parameters which BSC derived, namely, buckling and reflector savings. 
*her ana4816 iS possible end work on the data w i l l  continue. 

It appears evident that not 

Sane 

Seven &eer codes, M c h  h V O l V 8  both diffusion the04 and transport theory, 
were olrtainad for the 709 Capputer f'ram Atcmics Drbernational Dimion  o f  NU. 
TCcse codes can be used for  cdculating, 1) flux and power distributions, 2 )  cr i t i -  
cality panmeters, 3)  perturbation sf'fects, and 4) reactor kinetic behavior. 

The DfOr code has now been modified t o  c q % e  psrsmecers fo r  mter-moderat,ed 
systems, including systane fueied by PJ-A~ alloy fuel elunents; this code ia  ncm 
operable on the monktor system. 

Work w&8 continued daring the month on the Monte Carlo code 
geneow sy&- with principal attention being given t o  the 
fcr the data tape. 

CrltfcaJ Hazasds specifications 

1. Nuclear Safety La Henford Laboratories Operation 

f m infinite hano- 
cross section data 

8. 

b. 

ce 

f m-A1 
Em nuclear safety of a metal bax designed f o r  shLpp- 7.4 w t  . 
a l l o y  fuel rods offslta was reviewed. 
24" x 18" x 65" and ho~.ds 1.2 rods on a 3It center-tc-center spacing. 
The rods are 6'! f ran  the outer edges of the bcnc w h i c h  assures a E'' 
spacing be!t-veen the rods i n  aay two adjacent boxes. 
requires that each rod be at least 0.9" in &Lameter; the plutonium con- 
teat must not exceed 88 grams. 
fied, any number cf loaded baes  w w l &  be safe if flooded with water, 

The apprwed bax (SK-3-93 5) is 

The specification 

For %e mas3 & spacing limits speci- 

The mcleez safety specifizations for IErsrord Iabcrstories, vhich sse 
keing prepared in accorthnce with SLO Nudeax Safety BuUe3i.n No. l9 
are about 60% tcmplete. 
have 'been sent out for  ccumnent t o  each of nine operating ccmponerrte. 
Tt is estimated that a tcta of 26 specifications will be premed t o  
cover present operations in BLO. To datet three cf these have been 
spproved a& issued. In many casea, the spesificetions currently i n  
effect sre being revised to include recen? process changes. 

R o u g h  draf ts  of the primary specifications 

1 2 5 2 7 3 4  



2. Chemical Processing en% 
d 

a. A lazrclear safety specifica3ion for t,he tramporking of pli l tonium mmd 
masses between Task I11 and the storage vaults i n  234-5 Building WES 
reviewed. A special c a n  is t o  be used for these transft?rs. 
specification requizes that, 1) the starage positions on the cmA be 
limited t o  2.5 Q (max.) of plutonium m e t a l  on at least 12" centers, 
2) the glutonium be fastened in place on the c a r t  while i n  transit,  and 
3) the spacing between the plgtonfwn 
in  transit be at least 3 fern. 
loaded car6 w a d  at least be s&e if two storage positions Were inadver- 
h n t l y  double-bakhed. 

l%e 

the car:  and plutonium passed 
Lnrteraction calmlatiom show the 

b. The =clear safety of the design proposed for the feed make-up fac i l i ty  
for ths cr i t ica l  msss lahratary (CMF ~ a c i l i t y ,  234-5 Deve1opuen-t opera- 
t ion) was reviewed. 
primary hoods. 
concrete. Ea& vessel i s  therefore fUly ref lsctedi  however, inter- 
action between vessels is essentia3ly ni l .  
four of the five vessels proposed are sate by geoaetry (5.3 I.D., less  
than 275 g &/I,); the fifth vessel (also 5.3" I.D.) may not be safe srt 
the proposed 700 8 Pu/L (maxlrmrm). A recamnerdation was made that this 
vessel diemeter be reduced t o  4.9". 
thick slab tank is proposed. 
conditions, but will be safe at the proposed operating limits on volume 
and concentration. In the "Concent*r&ion Bood", three 4" I.D. vessels 
e~1.e gecnaetrically safe and one 6" I.D. vessel will be safe by Uniting 
plutonium concentration. Sump8 and enClOSUre8 wound the vessels that 
mi&ht be a hazard in the event of a leak, will be evaluated when fisher 
design informrttion is obtained. 

 his facility ~ l l l  trl;ilizr 13 vesseLs in four 
Each vessel will be shielded with 1" of lead and 8" of 

In the "Solution Tank Hood", 

In the "ion Exchange Hood1'# a 2-1/2" 
This tank is nat 1tinfinite411 safe for all 

c. A nuclear safety specificettion for +uhe RM: Fabrication Line was reviewed. 

de A nuclear safety agecification proposed for the storsge vault in Roam 
190 in 234-5 WliltUng was reviewed. Thls m a l t  w l l l  costain plutonium 
as metal, powdey, and ealxtion. 

tions. 
array of about 30 units is safe. 
recamended that the l m r  of the three cabinet shelves be used for solu- 
tion storage and the t w  be used far metal; the center shelf would  
then be used for slag and crucible eagment storage. 

The unit mass linzits will be 2.5 Kg 
t for m e t a l  and powders and 400 g for slag and crucible fragments d s o h -  

All units will be 12" or more cent&,--to-center. The proposed 
As an added degree of safety, it ww 

e. A desi@ Ip.msed far the meta l  SOlUk1OIl s f v  tsplr (~~-2-18185-cell 

8af@ty. 'phis tsnk is made Up of 6- slabs at the ends 
U) to be used in the 

to fona one coatinuuus slab. 
high. 
the lower 12" of height and ga-lOtt thick in the upper U feet. 
level will be at about 10 feet (25oc) gallon working volume). For 3 . w  
enriched uranium, the 4" slab thickzess is cr i t ical ly  safe at all solu- 
t ion concentrations; the g"-lO" thick sections, however, are only safe 
up t o  a concentration of .about 600 g U/L. 
tank w i l l  be made when the design m e s  are cauplete. 

Reprocessing p'acility was m e w e d  for nudear 

Each dab is about 9 feet wide and 13 feet 
Two slab8 are 4'' thick throughout; the other four are 4" tuck in 

Solution 

A final evaluation of this 

1 2 5 2 1 3 5  
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crlticrrl Mae8 Theory studies 

De- of the FEE program9 which numerically integrates the reactor kinetic 
equstiolvr with t imh vewylng raactivity, was continued during the month. Seversl 
errors reapansibla for discrepancies in the program CeLculations f o r  an anslytic 
test cBde wetre located and corrected. Agmemmt within the accuracy of the con- 
vergence criterion haa now been obtained for this  awe. For more representative 
cama Wm flux calculstiona appear t o  be adepts but the t i m e  increments re- 
quired are'orten ttldarrLraUy short. Theee short t- interpals axe caused by 
mathamtical tmiexrts  Wroduced into the solution by the numerical Integra- 
t ion tedhniqae. 
by reducing these transients. 

Encourasing progress is being made in increasing the time steps 

A short program for calculatine the extragalation length of spheres, cylinders, 
or slab hsa been written and debugged. The program solves an empirical fornnrla 
by aa iterative technique. 

-8 ~ c t ~ ~  

The difYIcultie8 which hrrve been encaunkered in the past with high valtege break- 
dam i n  the ion sclllrce of this maas spectraneter have been remedied for  the 
present by a thorough cleaning of the system. 
cooled copper trap was added t o  the s m e  region t o  maintain a lower source 
pressure and reduce the t ime  necessary t o  out- a sample preceding an analysis. 
The performance of this system was satisfactory. 

In addition, a liqyid nitrogen 

Thc use of a shaped filamerrt, t o  obtain an improved fraction of met& ions fran 
uranium samples was studied for several different sizes of V-shaped filaments. 
Duproved metsl ion yielag were obtained for the shaped filament but an optimum 
ahage has not yet ken determined. 

lhmenergetic Neutron Age rime& 

A t  the suggestion of a referee o f  the mnmlncript entitled "&e of Na-Be Neutrons 
in  Water and Kerosene" 821 attempt was madc t o  fit t h e  observed asymptotic flux 
distributions with a Aurction of better theoretic& basis. The data have nar 
been resnslyzed and a consistent fit obtained t o  the Rurctional dependence of 
the ssymptatic flux. This analysis has led t o  slightly revised vahes of the 
oxperlmerrtal age. The resulting best values for the age t o  indium resonances 
of &Be neutrons are (13.88 f 0.22) c& in water and (u.84 f 0.21) an2 in 
kerosene. These values are in better agreement with the calculated values of 
(13.90 f .14) C& and (13.94 f .08) c&, respectively. 
migration areas become (21.5 f 0.4) cm2 and (20.6 k 0.4) an2 canpared with cal-  
culated values of (22.2 f 0.5) an2 and (U.8 f 0.5) cm2 for water and kerosene. 
The paper describing this experimen2 has been rewritten. 

The measured thermal 

NEJIBOIV CRMS SEETION PROGRAM 

slaw Neutron Scattering Cross Sections 

Three a l u n l r p m p  single crystals grown i n  alumimam a i d e  crucibles were examined 
far perfection by neutron diffraction using the lO5-m spectxneter. Au. three 
crystals were gram such that the heat loss of the liqpid was conducted through 
the liquid-solid interface. 

ii 
One c r y s t a  grown i n  a short freezing t h e  in an 



air atmosphere contained many bubbles and holes. 
structure w h i c h  persisted Over 1.5 degrees. The diffraction patterns observed 
fran e, cryste3 grown with a long freezing time in air and one grown in a short 
freezing time in vacuum showed higher efficiencies and narrower reflections. 
Reflections f'ran Uf'fererrt part;s of the crystals indicate a more perfect struc- 
tu re  near the beginning of the growth. Both crystals contain regions which may 
be suitable f o r  construction of a canposite crystal for use as a high efficiency 
monocbranat or.  

The diffraction pattern shared 
d 

Subthreshold Fission 

The fission cross section measurements of the 5.2 ev resonance in the target 
nuclet;s $34 have been canpleted and. final resonance parameters have been ob- 
tained, 
dappler broadening t o  give a true fission cross section of (49 f 9 )  barns a t  
the peals of the resonance a t  (5.20 f 0.04) ev. The fission width of the resonance 
obtained fran this  result and the listed parameters for the  t o t a l  cross section 
is (2.0 + - 2118) x 10-5 ev. 

The resonances in Pa231 could not be seen in fission with the neutron intensity 
available with the present collimation system. 

The preparation of foils enriched in the isotopes $5 and $38 has been canp- 
leted: These fo i l s  are being mounted in  the multiple plate fission chamber for  
fission cross section measurements on these nuclei. 

The measured fission peak height was corrected f o r  resolution and 

Fast Neutron Cross Sections 

The new chember f o r  the Van de G r s a f f  analyzing magnet is  essentially canplete 
and i t s  a t tacbents  are under construction. 
cal Physics ir- establishing a permanent baseline for the accelerator and in cor- 
recting the misalignments which mose during the extended outage w h i c h  began i n  
December. 

u 

Assistance was rendered t o  Radiologi- 

PILlToNNIil RECYCLE PROGRAM 

PRTR startup &p eriments 

The approach-to-critical experiment for a &-A1 annulus surrounding a U k  core 
has been modified so that the E4TR is allowed t o  go cr i t ica l  first with the 
moderator a t  f U l  height rather than a t  half h e i w  as was originally plsnned. 

The Critical Facility of the PRP 

The content of an experimental program f o r  the Critical Facility has been out- 
lined. 
program. 

Tbis was done in the preparation of a recamendation concerningthe 

Multichannel Analyzer 

The bids for  the analyzer have been reviewed. 
the quota+,ion by Radiation Counter Laboratories be accepted on the bases that 

The recamendation w a s  made that u 

I 2 5 2 7 3 1  



.- 

B-18 

4 impraraaneat in  resolution of this method is anticipated. 

A survey of methods for detecting micro-displacements of metal. surfaces for use 
with the eddy Currarrt ultra8onic transducer has been ccmpleted and has been 
SMnaarizud in phnts i~al  ~ e m u m m r t s  mormdm 60-7. TIM most prmising method 
icnznd in the literature of the field is a capacitance bridge radio frequency 
carrler system wlth whi the Bureau of Standazds detected vibrations havlng 
W i t u d e s  less than 10% an. 

The irrprt nohe lapal of the m@.ifier system f o r  use with the infrared detector 
head being used in the thenml bondtesting grograpn bas been reduced t o  about 0.3 
microvolt. Wlc noise generated within the photoelectraPsgnetic infrared detector 
now being used could not be detected above this level. Tests of the sensitivity 
of the prelsent iaffared pyraueter system t o  changes o f  the surface tenperatures 
of autoclaved X-8001 aluminum alloy cans show that l/ZoC changes within an area 
of about 4 square m i l l w e r s  can be detected at temperatures between 30 and 50°C. 
Since the sensitivity is still limited by the noise gemrated within the pre- 
eonplifier It would be possible t o  obtain even greater sensitivity by further reduc- 
lng PpMI-aprBlifIer noise. 
perature changes of various aluminum surfaces share that autoclaving greatly 
increesee the aaiss i r t ty  of x-8001 ~ o y .  

Ccmpsrlson of the sensitivity of the instnonext t o  ten- 

An exgerimentaL power printing circuit, fo r  use with an Alden H e l i x  recorder 
t o  product -a-teanperature mags, haa been fabricated and tested. 
p r m d e s  a 1000 cycle rect- wave output having a positive half cycle dura- 
t ion pragartionsl t o  the amplitude of the 2000 cycle output of the detector 

t o  the Helix recorder, this output produces an area covered with broken lines, 
the length of each line se-d being a function o f  the temperature at the cor- 
responding point in the area scanned by the detector. Tests have sham that a 
lar&er Helix recorder, than the 5 4 2  inch H e l l x  borrowed f o r  evaluation, w i l l  
be needed for  reliable qpantitative maps of fuel element surface temperatures 
at 1/8 inch intervals. 

This circuit 

- system. The negative half cycle is maintained at ground poterrtial. When applied 

A aingle  turn work coil  haa been wed wi3h the 1C KC, 50 KH induction heater. 
Only 1 KU could be coupled W o  the tes t  piece due t o  the poor impedance match. 
An eddy current concentrator type work coil, which should be more efficien';, 53 
now being fabricated. 

Arrangements have been made t o  borrow an Fnfra-ed Modei ID-1 T h e d o t  Radiatior, 
'phermapeter fran the manufacturer (Radiation mectronics Corporation) fo r  evdua- 
t ion on s i t e  during one week in A g r i l .  

Several developents t o  improve general eddy current test methods contiwed. 
Work has begun on a modiiication unit t o  be used with the General Radio (Type 
1005-A) -dance C a n p a r a t o r .  
rication, w h i c h  will make it possible t o  effect a S O o  shift i n  the phase of 
the 2 and 8 reference voltages of the canparator and w i l l  also provide for the 
present 90' angle between them t o  be varied. 
noise preamp stage, a null-balance circuit for  use with eddy current probes, and 
a c rys ta l  stabilized oscillator t o  improve the frequency stability of the 
instrument. 

A circuit has been designed, and is awaiting fab- 

The unit w i l l  also house a low- 

i 
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'J31e delay l ine  type, pulse sfretch- c i rcu i t ,  described last month, is being 
modified for  direct agplica%ion in the a rhna t i c  gain control inpat network t o  
be used with the litductive Tbmncmetry Instrument, $r proper eelection of 
parmeters it has been found that a 0.13 mfcrosecon& puLse can be stretched 
i n t o  a pulse having slmost constant amplitude a d  22 microseconds duration, 
dile t o  the effect of reflected waves in a s i x  section network. 
a sbretcking r a t io  of appracinrrrtely 170. 

4 

This represents 

Ibrlng the investigation of the variables encazuatered i n  the laboratory in 
measuring 5h.e ERD? procesa-tub-to-sbroud-tub distance using an eddy current 
method, it has been found that spacing chesgos within tfie required accuracy 
can be detected by cmployine conveIl+,ionaJ, techniques. The long term reproduci- 
bi l i ty  r e q p i r r n t s  eonstibrte the major problem at the present time. 
particularly t x e  i n  view of the fact that the indications are extremely sensi- 
t ive  t o  variations in spatial orientation of the probe. 

This is 

GAS COOLED REACTOR pP..oGRAM 

Lattice Parameter Measurements 

Data -is of the EGCR stainless s tee l  loop experiment has been deleJred due 
t o  a failure on the part of the cunpu5er program (APDAC) t o  prcperw --ate 
the specific a&ivities needed for determination of geauetric correction factors 
and eadmium r a t io s .  The program did handle wcessAtUy3 however, a calculation 
of specific activities, geaanetry corrected, based on geauetric correction factors 
obtained fran an a te rna te  machine code. 
data. 

Most of the preparations for the next EGCR experiment have been ccmpleted. 
Plms have been madr t o  measwe k,, and f for 2.6 w/o UQ fuel. Special graphite 
spiders and end caps have ?xen fabricated which w i l l  be used t o  measure the flux 
p e w  w h i c h  can be expected in spiders and end caps with low absorption and 
high moderation characteristics. 
within the fuel tubes is also planned as part of the experiment. 

!Be analysis is continuing with these 
Calculations of the average f lux in each c e l l  canponent are being made. 

W 

A measurancnt of the rs 8 power distribution 

A report for Allis C%aJme!rs has been canpleted on the measurement of ~OE, f, p, 
and e for tbe 1.8 w/o Uo;! f'uel ele~nents. 
pared for distrifrution. 

The report is presently being pre- 

Variation of Doppler Coefficient with S/M Ratio 

mrimerrts are in progress in the p@w t o  measure the Doppler coefficient of 
a 1.9 inch diameter solid nstura,l uranium f'uel element in a d q  8-3/8 inch 
graphite la t t ice .  The l a t t i ce  parameters, p and E, for  this configuration me 
also being with e coola& snd with Be0 ~ 0 0 1 a r Y t e  

Measurea~ents of Pcw reactivity as a function of test ce l l  fuel element tempera- 
ture have been made aver the range lW0C to - 75OoC. 
to -950°C, but handling operations and reactivity transient decay times caused 
the lose of d200°C befcre beginning data recording. 

Several incidents have marked this first experimek. !Che ql lsrtz envelope was 
f'ractured while the slug tentperattare was ,-780°C. Use of the heliwn dump system 
t o  flood the element with an inert  ataosphere prevented any uranium fire and any 

The t e s t  element was heated 

W 
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u gross addation, W a r p i n g  of the Fuel pieces upon passing through the two phase 
transitions caused a 100s- of the shrunk-fit joints in the 20 inch element. 

Several a u x i l h q  e q e r i m e n t s  have bean perfarmed. 
tempers- coefficiexxta of reactivity were m e s s u r e d  for the l.%-inch l a t t i ce  
c-tion. 
Tha temperature coeffici& data has not been analyzed yet. 

The PClzR pressure and 

presenrre coemcieDt was imna t o  be -0.0407 cents/millibar. 

BIclLOGr A83D mscm - 6Ooo HIOGRAM 

z2vvIR- SCImcEI 

Atmospheric Plqm ica 

Two field e x p r h m h s  desQnedto meaburc the dispersive capacity of the atmos- 
phere during unstable tauperature gradients were canpleted on b&r& JJ. and March 15. 
Dosaga data were obtained t o  a disfancs of 3200 meters fran a ground level source, 
utilizing both the horizoxtal and vertical sapDpling grids. Preliminary analysis 
of the vertical dosage data Fpdicrrted that the profiles were much f l a t t e r  during 
unstable than during stable conditiose-a result predicted earlier frun theordical  
consiaer?3tions. 

. Perfection of the phosphorescent technique for assaying !&as loadings on the 
membraae t i l t e r a  exposed dnrring the BIopmer acperienced &her setback and re- 
covery this month. The transistorized autanatic g&uzuna counting eqyipent was 
found t o  be so sensitive t o  emiromexat& conditions that it was decided t o  return 
t o  a h-i-Carb system e i m i l a r  t o  the one on which the or iginal  development work 
was done. Certain seprple handling and autapatic t3ning features were incorporated 
in to  t& new equipnent t o  improve the accuracy and ease of operation. 'phus fa;r, 
the stability of the system has proved satisfactory and counts on given samples 
can be duplicated within acceptable limits. Work tara;rd canplete calibration of 
the system, required before routine reanalysis of samples can be acheduled, was 
in progress at month's end. 

Y 

Prepazation of individual chapters snd data canpilatiom for the Geophysics 
Research Papers, canprising the gene- report, on the past m r t s  dispersion 
and transport experiments, zontinued according t o  agreement with the Air Force. 
The chapter titled, " W i d  Prediction for the Green G l o w  Progran", by C. L. Simpsonp 
~ a e  reviewed by the A i r  Force aad returned with editorial cconments. 
canpilation of the Portable Maat data was campleted i n  a form suitable f o r  dire& 
reproduction in final reports. 
esstion for  transmitta3. t o  the Air Force. AnaJyses of streemlines, trajectories, 
trac3r exrival time, and traneport speeds were essentially ccnnpleted and the 
11umerou8 charts requlred were prepared f o r  publication. Rough drafts of &her 
sections of the report were started. 

DOSIMETRY 

A cooperative experiment was begun with Dr .  C. L. Finch of the University of 
Washingcon. 
administered -59. 
hemoglobin solution at the University of Washington. 
brought t o  the whole body counter and counted. 
Jects frm Richland who were glven intravenous injections of Fe59. 

The machine 

The suarmaries were edited and corrected 'in prep- 

The purpose of the experiment is t o  measure the uptake of oraJly 
Three subdects were given iron sal+, and three were given a 

Two weeks la te r  they were 

Our part of 
- They Were compared w i t h  twa  sub- 
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the experiment is  done but the results cannot be calculated tlll Dr. F'inch has 
finished sane G f  Dfs c6librations. 
m Fe59 calibration f o r  QU counter. It was very close t o  a valtie we extrapo- 
lated from data fc: NP. 
The calibration of the whole body counter for Zn65 was impraved but more work 
remains t o  be done. 
brations obtained with different people. 
distribution of the Zn65 in the body. 
studied for one month. 
courts showed a spread I n t o  the legs and head. 

Counts were matie of ix&viduaJ.s lying on a table with the big crystal at a flxed 

found that for 
s c m n i q  f'ran head t o  toe waa 95s or more of the count that would  be obtained 

by m o v i n g  the counter w e l l  beyond both extremes of the body. 
the latter procedure I s  necessary for an ideal couxt. 
that the restricted scan is Wte adequate for our purposes. 

Incidental t c  the experiments we obtained 

There appeared t o  be rather large differences in the csli- 
Sane of this may be due t o  different 

The distribution in one subject was 
Initial &position was in the area of the liver. Later 

dissance above t move a l o n g t  b e  in fw-inch -acts. It w a ~  39, J5 and CsB? the t o t a l  count obtained in this way 

Theoretically, 
The experiment shows 

Teats of a shadow shield counter showed the$ below 0.5 Mev there wa8 a large 
increase i n  the radiakion spectnmn due t o  the scattered gama rays. 
found that or more of this scattered spectrum cauld be removed by 1- 
the wall of the ce l l  being used t o  create the shadow with 1/16 Inch sheet of 
lead. 
of the c&er t o  simulate a petrson, considerable scattered radiation was a@n 
introduced into the counter. 

It was 

This waa considered adequate. When sacks of auger were put in front 

A t t e m p t s  are being made t o  reduce this thraugh use 
4 of more lead shielding. 

~n employee was fm t o  hs~eglurorrr~ally 
his Wife, and his felluw workers were eremiped but no reason fo r  the high burden 
was faund. 

-65 burden (36 w>. gis diet, 

Other Activities in Whole Body Counting: 
IBM system. 
and installed for use in the scanning counting. 
chair is  being fabricated. 

m r  de-bug run was made on the 
A bed was fabricated The Bystem n m  appears t o  XoTk a l l  right. 

A new, more rigld and durable 

Precise optical methods w e r e  used t o  align the positive ion accelerator t o  
eliminate the beam s t r i k i n g  obetructione in the machine and in prepaxation fo r  
very accurate experiments With the precision long causter. 
carbon on targets in the accelerator was found t o  be very substantially reduced 
as a result of the cleaning and the substitution of untreated "0" rings during 
the recent shutdown of the accelerator. 

The deposition of 

The National Bureau of Standards is sending us their precision long counter. 
It and one from CPD will be ccmpa~ed with ours in an experiment in which it is 
hoped reproducibility of 0.15 w i l l  be achieved. 

A technique was developed for depositing carbon targets for the Van de Graaff 
with a carbon arc. 
Quite hard surfaced. Banbardment of these tesgets with deuterons was used t o  
provide a high intensity source of monoenergetic neutrone for calibration of 
the cr i t ical i ty  dosimeters being installed at Hanford. 

Targets ranged f'ran 140 t o  S O 0  micrograms/cpr2 and were 

- 
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Febrication of one o f  the molds for the production of tissue ecr;rivalent chambers 
was ccmglated. cofiaagondence with D r e  W. Snyder, of Oak Ridge3 it was found 
that he is 80- t o  make neutron penetrstion calcula+,ions for a phantcm 30 cm 
in diameter and 60 an long. 
phantom. He bae offered t o  calculate the depth dose for distributions of source 
energies Waw 10 Mrv. 

We plan t o  make depth dose measurements in a simflaz 

llrs gama r e ~ t  calorimeter water bath was connected adiabatically in order t o  
inrppwre the reproducibility of the eystem. 
meter were reduced t o  one-iirth by tbe ch8nge. 

The noise and drift in the calori- 

-ION 

Am.ln+ature  photutube detector wae received for the persona;lly-cwried personnel 
alarm dosimeter. 
than 2:l. 
tian chamber was dstalminad. 
donr t o  ccmplete the "breadboard" lryrout for use in extensive tests. 
c0ntirn;ra;rS operation is baing designed t o  exceed 100 hours. 
t o  f 10 ar accuracy w i l l ,  be ewailahle f'rau 420 m r  t o  about 200 m r .  

Minimun a i ~ - t o - n o i s e  ra t io  was determined t o  be better 
Tho final mechanlcsl-physical arrangement of photottibe and the ionizac 

Only s a w  transistor circuit design rcmBias t o  be 
Mlnbnam 

Selectable alaming 

All of the experimental transistorized circuitry was ccmpleted for the alpha 
air m o n i t o r  using coincidence couxting techlques t o  eliminate radon-thoron 
background effects. 
the circuitry is now driving the recorders, 
cmdncted t o  determine the ultimate avsileble sensitivity. 

The experimental circuitry for a portable scinti l lat ion beta-n#nnna dose-rate 
meter was extensively revised during the month. The instrument uses a semi- 
conductor chopper input and all transistorized circuitry. Several camnercial 
semiconductor choppers were investigated, tested, and found t o  be useless for 
the tearperatme range aad input &mrrent reQuirements of the instrument. 
per 2 i r c u i t 3  wing inexgensive germanium transistors, was developed and tested 
quite satisfactorily during the month. 
t o  p l u  lb% with an outpu3 noise-level eqpfvajlent t o  about 0.05 microamperes 
inprt signal current. 
rents of 0.1microemgere t o  10 microamperes. 
error due t o  temperature variations is less  %ban f 10 percent f o r  minus 10°F 

incorporated as they are useless below plus 159. 

All the circuitry is an plug-in printed circuit boards and 
ESrtensive testing will now be 

. e  

A chop- 

This works correctly fran minus 20°F 

Thuso the system can perfom prcrperly for  input cur- 
The eunplete instrument reading 

to plus 140% using zinc ce l l  batteries. Mrcury cell batteries cannot be 

Imreatigatfon w a s  made of several e e d  plutonium-americium sample sources used 
for anhaJ. experimentation at Biology. 
for the animal inhalation experiments. 
cunponent contributed fran 46 percent t o  79 percent of the t o t a l  c a t s  obtained 
from lung deposition. 

The sources are used t o  generate aerosols 
It was detedned that the americium 

Due t o  ambient temperature effects, portions of the circuitry for the transis- 
torized logarithmic count-rate meter were redesigned. At tps lVts  are being made 
t o  obtain proper operation fran 0 9  t o  plus lb°F. 

IW-ther developmnt progress was obtained on tin slternate miniature personR1y- 

in the drive mechanism t o  the miniature integrator, 
u carried appraximste dose-rate integrator alarming device. Iq?rovements were made 
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An iwemigation was e+,arhd concerning possible magne3ic tape recording of gamma 
energy @se heigh3 spectrsl data fran several sWtaseous ly  operating scinti l la-  
ti03 rietexmz. An eventual possible use of such a system -xlll be the T g t a l  Bcdy 
C m i n g  F-eility and an d?itWmaL use would be for the Biology Operation. Such 
8 systen! wvd? elim-ke the reqtlfrement f o r  using e mlticha,nnel analyzer f o r  
ea& d&en,tar, U s l n g  a linea? amplifier and a c a d  aaal3g-to-digital converter, 
simAtaaeacls ape&& informstion could be taped a then leisurely inserted into 
a single mxilti-channel analyzer at a convenient time. 

Continu& operational success was achieved drrring the month wi%h 3he experimental 
transistorized alpha monitor (110 VAC-operated) whish uses either, as desired, 
the 013, air proportional alpha probe o r  the new non-gamma sensitive (to 10 r/hr) 
scizrtUation dpha probe. The unit was successfully us& three weeks at Red= 
aad nu< is i n  comtant use at tbe 308 Building. 
t i l l a t i on  probe exceed the air proportional probe geometries by five percent, 
and the sc in t i l l a t im  probe geanetry variation is less than about f two percent 
over tbe tvo-by-fa-inch and two-by-seven-inch active detector areas. Plant 
drsWinga of the new probes are being made so that the probe can be obtained in  
qwmtity. 

Gecmetries with the new scin- 

The necessary p a r f s  have been ordered for the electron be- deflection and con- 
t r o l  system for  the electron Van de G r a a f f .  
af'ter all of the parts  arrive. 

Sane investigative effort w a 8  started concerning the use of high purity silicon 
P-TJ junctions for use as alpaa detectors, al@a particle energy analyzer detectors, 
neutron detectcrs, etc. 
ingot material is received so that the detectors can be fabricgted. 

The inscYrument will be assembled 

This program will accelerate when the proper silicon u 

The w e  of glass dosbmters is being investigated; however, later information 
c o m w  the detector materials and fabrication is awaited fran the U. S. 
Ngval Research Uboratory. 
accumulated gannna doses as low as one t o  five m r  may be read out easily. 

It appears, with the new W 2  detectors, that 

Two trsneietorized aazdfo power emplifiers of 1.5 and six-watt output capabilities 
were designed and one was tested. 
radiation monifms under high ambient noise conditions. 

!Chese w i l l  be used with aurally-indicating 

Isotonic Anal?rsis Research and Develoaneart; 

The mass spectraneter for  this program operated at abaut, 90 percent efficiency 
during tbe month. 
uranium backgrounlla and on general spectrtnaeter maintenance. 
the available operating time was spent in detemdnin& the possible effects of 
chemical solvents used as the carrier for sample material. 
of sample sensitivity and the required artgassing times the carriers HIT3 and 
M a S i ?  gave clearly better results than four other solvents tested. 

Two days were spent in cleaning the source region t o  eliminate 
About half of 

Frau the standpoint 
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m REACTCIR QpERATIoas 

Operation of the PePR continued routinely during the month. 
unscheduled shutdown8 due t o  electronic failure. 

There were four 

Tbe 8-3/8-1nch Lattice ~ u b e  and ~ube k, and f -iment was canpleted during 
the month. 

Irrstallstion and testing of a speciaJ. iine control rod was caapleted. 
reactivity changes of four cents ar less, rod changes can now be determined 
t o  0.001 cents. 

For 

!Fhe core m&p j i g  was canpleted and installed. 
mum lrserble size can AOW be set urp and checked without sacrificing reactor time. 

Ib the TPR seven were used for lutetium thennaueter calibrations. For the 
m r  of the month, the crit ical  m s  Escperimenta utilized the TPR facili- 
ties. 

Test cores up t o  the maxi- 

There were PO unscheduled shutdowns during the month.. 

W Weather Forecastin(3 and Meteoralow Service 

Type of Forecast 

8 - H a r  Production 
2LHour General 
s p e c m  

IWnber €&de 

93 
62 

152 

$ Reliability 

 arch^ l$oo produced a wide variety of meteorological conditions. ~empera-  
tures ranged from a low of 13 on the k h  t o  a high of 83 (an all-td recod 
high for March) on the 25th. 
below normal. 

The mr-U monthly average cf 45.1 was slightly 

Weather during March included rain, snow, hail9 and one rather severe thunder- 
storm. 
occurred. 
there w&8 a long  dry period with no measurable precipitation fram the 8th t,o 

In R i c h h n d 9  but nat at the station, sleet and freezing ra ln  also 
Total precipitation of 0.67 inch was nearly twice the normal. Still 

th 26th. 

Nine consecutive 
elear m, had an over-all average wind speed under 5 mph. 
a wholeo hmver, both cloudiness and w i n d  speed were above nomaJ.. 

of the above-specified dry period, ineluding 5 straight 
For the month as 

lhstrumextat i o p  

The Scintillation Detector Mask Monitor f o r  the Laundrg Operation was delivered 
and is being flzld-tested by radiation moni3oring personnel. The background at 
the U d d r ~  Building was deterplined t o  vary fim the mean by a t  least twice the 

L/ 
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gtnnrlnrri deviation. 
ultimate instrument sensitivity. 
t o  be male abox every ten minutes t o  asswe prcger mask reject level. 

Sum& large variations in back%round effectively reduce the 
It appears that back@round checks w i l l  have 

A s l i p r i n g  assembly fo r  use with GM tubes was designed, fabricated, a d  
delivered t o  Redax. 
200 Areas. 

The mi$ w i l l  be used for SUOW kwll monitoring in the 
The unit  Dperated satisfactorily. 

A scinti l lat ion transistorized shoe and clothing monitor was calibrated, tested, 
and delivered tc the Chemical Resear& Operation, HLO. The Unit was fabricated 
in  the 328 Electronics Shap t o  our specifications. In addition, three portable 
transistorized scinti l lat ion alpha, beta, gamma instruments were calibrated and 
delivered t o  the same cuStaner. 

Tbree Scintran Upha monitors and one scinti l lat ion transistorized alpha hasd 
counter were C a l i b r a t e d ,  modified, and delivered t o  the 308 Building. 
were fabricated t o  our specifications by the Instrument Laboratory of Seattle. 

Advice was rendered t o  the design draf'tman doing the l a p u t  work foz plant- 
type electranechanical h a s  for the Scisti l lat ion Transistorized Alphe-BetaC 
Gennna Hand and Shoe Counter. 

The units 

A ortion of the probe design was canplsted for a l a r g e  area# thin N a I  crystal, 

Operation for the detection of Pu 39 in waunds. A l l  necessary canmercial parts 
have been ordered. 

The 328 Building Electronics 'shop is fabricating two sdvsnced model (Model 11) 
Scirrtran alpha monitors which w i l l  incorporate special features desired by 
field monitoring personnel. These will be evaluated and f ie ld  tested when 
canplet ed . 

2 Pu B 39 X-ray  detector t o  be wed Radiation Monitoring and Industrial Medicine 

4 

An in-cell monitoring system was designed for the Chemical Researzh Operation, 
HLO. 
t ion probe--both with beta-pmna sensitivity. The probes w i l l  be used in hot 
celle for dose-rate measurements. The camplete instrument will be fabricated 
t o  our design by the 328 Electronics Shop. 

This incorporates a hi&-level ionization probe and a law-level scinti l la-  

An air fi l ter  monitoring system -vas designed by u8 for exhaust f i l t e r  monitor- 
ing by the Chemical Research Operation, D. 
detecting scinti l lat ion type iacorporating al- c:';rcuits for dose-rate 
al-. 

The unit will be of a gamma 

Evaluation of a "Fido" poclcet, gamma9 aurally-indicating monitor was canpleted 
with unsatisfactory results. 
two more sciakfllation transistorized gamma enerw analyzers for the Radiation 
Pmtection Calibrations Operation. 

The specifications f o r  the 
and forwarded t o  Reactor Lattice physics (HIX)). 

Satiefactoq acceptance tests were campleted on 

autanatic data recording system were revised 
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Develqpnent was htiated on a part of &e PRTR process tube inspection probe. 
Several manuf'&:vzs -$em coneulted about instrznents t o  meuure the tube's 
inside d M e r .  
30 be well adaped t o  the proposed eqpipect. 

One linear -able differential transformer sgsten appears 

S a r e m 3  of the process corrtroller circuits t3 be u e - l  i n  a%A?ying su3cdave 
tospara;ture c0nf;zol system haTe been simulated on the Donne,- analsg scmputer. 
These circuits a.re different fram the no- ecntraller simtiiati~ns i n  t h t  
they include tb effects of "reset windup" and controller l i m i t i o g  h r i n g  process 
eta=tupe. 
autoclave procesa QmauLf.cs will be caubined as0 pro-& inCo t k e  GEDA W o g  
tcmputer early In 4PA. 
8sd beily made to a31ow the use of p ~ ~ 0 2 . t l o n a l  controi -*i+,h n a m a l  reset. 
is q e & e d  that these zkangee rill &Urn the existirig aquLpeaz zo Brovide 
aatisfaetory control on startag and during normal prclcessing operstionu. 

These zontroUer circuits and other clrctzlts whicL w i l l  repesent the 

Modifications t o  tke existing au5oclave cont ro l  sy&m 
15 

CansiOerable W f i a l 5 y  ha8 been experiencsd in de5exnil*;Lng whether tke vibra- 
t ions measured &ring the 
pr'-mPrrily due t o  acceleranater reaonancte or actW ?r~ec5anieal vibrations i n  
the preee. Difficulty l a  precisely synchrsn iz i~  the sccpe t r c e  vifh the 
m a a a n t  of impact hss made i+, difficult to use scope -rlriting a~eed3s fast e m .  
$0 acr-tely determine the origin of the reaomces.  It a2sema ?,he.$ the 
frsquency sge&rsa of the measirament signal is considerably wider thm was 
or ig inal ly  expected, %has making it difficult t o  differentiate 3etween tk? 
desired si@ and resonance condLtlons. 
deped on t k e  cus2merre decision as t o  whetbe= ad3itiohsl 3mde c m  be made 
availabla. 
kr ther  s t ~ d y ,  v4iI.l be sent to tbe custmer. 

e x t r a i o n  press %celeratim *ewd 0'5 are 

JW-ther progress on t X s  srcblem will 

Ale t t e s  mtlining the results r,bta2neti tc dats, a t 2  8 gropmal. for  - 

1 2 5 2 1 4 b  



W 

B-27 HW-64580 5 

Anslag Canputer Facility Ope rat ions 

The major problems on the analog canputers this month included a study of NPR 
heat exchanger c rnac ter i s t ics  and a study of reactor kinetic equations. 

k t  cf a t o t a l  168 hours of possible operat ing time with the G E M  computer du- i rq  
March, there were 6 hours of scheduled down time and 22 hours of unscheduled 
down time. Replacement of the patchbay contacts in the GFDA is delayed pending 
resolation of legal difficult ies between the computer and contact vendors. 

Acceptance t e s t s  of the new EASE caaputer proceeded throughout the month and 
are now about 90 percent canplete. 
specifications have been identified and action is under way t o  effect comec- 
tione. 
and with exceseive air temperatures in the equiment. 
likely be r e w e d  in the air conditioning system f o r  the facil i ty.  

Sources of difficulties or failures t o  meet 

Considerable difficulty has been experienced with the digi ta l  voltmeter 
Sane modifications w i l l  

PF Gast:mcs L, 
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Decontamination of Reactor Comgcnents 

La2oratory tests of solutions for decontamination of rear-face piping of existing HAP0 
rsactors were continued. 
0.2 8 5 9  0 Decontaminetion factors in excess of 
teo  were &hined for both process tubing and p i g t a i l s  after ten-minute contacts with 
the sclutior at 60 C. 
ccrroded at rates l e s s  thazl 0.05 mils /& in the solution. 

The m s t  satisfactory solution tested was 0.9 M, H S O 4  - 
containing one g/l phenylthiourea. 

C a r b o n  steel, stainless steel, Zircaloy-2, and aluminum all 

Sfellite-6 and Stellite-12 have relatively poor corrosion resistance to 0.23 
5.k  fi NaOH, one of the solutions in the APACE procedure proposed for NPR decontamination. 
aardeaa3Le s+ainless steels, 17-4 PB, 17-7 PH, and AM-350, might possibly serve as su3- 
stisutes for tbe Stellites as valve seats. These three steels corroded at rates of 
about 1/6 those for the Steilites in the APACE alkaline permanganate solution. 

KMnOk - 

Uracium Oxidation and Fissior Product Volatilization Studies 

The design, fabrication aad installation of fused silica apparatus to replace the stain- 
less steel f'umace and sections of the off-gas train neared coapletion. 
tLe equipment for direct counting of xenon-133 was modified to assure a counting error 
cf lass than l$ for arzy sbgle measurement. 
tellurium was replaced with a liquid trap. 

- In addition, 

The pellitized caustic trap for iodine and 

A +bird experinrent was completed on the penetration of Zircaloy by aluminum-clad Uranium. 
m e  % e s t  assepljly, exposed for 24 minutes at u82 C, produced an aluminum-uranium alloy 
Setween the uranium and Zirceloy. lo penetration of the Zircaloy took place and no 
ahaikuiti or Zircaloy diffused into the uranium. 

Effluerts 

AddI5ioLal laboratory experiments were performed to study the ability of precipitates 
fcmC? l z  typical permrrnganate decontaminsting solutions to scavenge radioisotopes from 
sGlution. 
from various treatmett steps are mixed. It was found that the scavenging factors for 
radlcfron, radlocalcium, and radloioaine in c u e  of decontsminstion solution mixtures 
containing a "peroxide-carbonate" cleaner were ~ i g w i ~ ~ t l y  greater than were obtained 

The precipitates result f r o m  the reduction of permngasrrte ion when solutiom 

io esrlier experlmerts. 
irdicated in the degree 
reduction caused by the 
decontamination factors 
measured. The new data 
results 

Contraxy to previous Indlcatigns, signiiicast change was 
te zmanwna $5 

of calcium scavenging 88 a result of the accelerated 
presence of pe oxide. 

display greater consistency and precision than did earlier 

Thaee later eKperiments gave Ca up to 3.5 x 10 5 , which is nearly ten timss those previously 
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W iieactor Effluent Treatme& 

Spec’imens of candidate aldnum and AlSi for reactor effluent treatmect beds 
were suspended in flowing reactor basin effluent for  long range corrosion and 
f i lm area studies. The data are needed t o  a s s i s t  selection of bed material. 
Specifications were wepared f o r  the physical fonn of the bed packizg an,d a 
market survey in i t ia ted  t o  determine possible sources of supply. 
the problem was shorn by one aluminum supplier-and suggestions and samples 
were offered. The problem of prccuring relat ively inexpensive bed material 
i n  the quantity required must be solved before aluminum bed effluent treatment 
for  reducing radioisotopes discharged t o  the Columbia River can be csnsidered 
feasible.  

Interest  in 

SEPARATIOMS PROCESSES 

Mew Solvent Studies 

The ser ies  of dialkyl phenyl phosphonates under preparation has bee2 xmpleted 
with synthesis of the di-t-butyl compound. Con2irruing studies have shown that 
of a l l  of the dialkyl phenyl phosphonates prepared In t h i s  study, only the 
t-butyl oompouLd has an appreciable hydrolysis rate. 
containing 1.5 M HNO3 showed unmeasurable hy&olysis ia tweatg-four hmrs  at 
60 C .  After ten‘ days, so lubi l i ty  measurements irdicated about 4 f 3 percent 
dec=nnposition as compared with about 5 F r c e n t  f o r  TBP. 
xnnpound hydrolyzed measurably in three hours a t  25 C .  
sol id  hydrate which melts a t  about 27 C .  

Purex C Column Studies 

The process behavicr of water frm the ion exchange uni t  in the  Furex plant 
was mupared with tha t  of steam condensate f r m  the 321 Buildinq using a 
three-inch C test  column. The z’olumn was operated at 1250 gal/hr-sq ft. sum 
of phases, at an aqueous-to-organ12 flow r a t i o  of 1.1, and with 0.C2 M HNO, 
ic tke  aqueous stream. 
plates poizted up) plant cartridge types cperated unstably at a l l  pulse 
frequenzies with water taken f’rom the icn exchange unit just  a f t e r  cation 
ked regeneratioc. Water taken from the ion exchange unit  i n  the period just  
pr iar  t o  ia t ion  bed regeneretian shoved a region of stable operation below 

cycles/min. 
and ion keds) just  prior t a  cation bed regeneration gave 90 regior. of stable 
cperatian. 

The -mdiluted compouads 

In contrast, t-butyl 
It apparently fmns 8 

W 

Both old (nozzle plates poiated dom) acd new7rozzle 

Water taken apstream f’rom the acion bed (betweeil the -.ation 

With steam condensate, a wide regicn af s t a b i l i t y  was obtained. 
with the new plant cartridge and 1.0-inch amplitude, cyclilzg occiured znly 
above 70 cycles per minute. 
water which feeds the ion excha~ge trnit i s  nearly as good as the 321 s t e m  
condensate in the new plant-type cartridge.  

Fcr example, 

Further tests showed tha t  the Purex sar;itary 

Purex 3A Column Studies 

A cozzle plate car5ridge using the same geometry as that  e m e n t l y  instal led 
in %he Purex HA column (23 percent f ree  area, 3/16-i~ck-diamet.er holes, two- 
inch plate spacing) was tes ted for  su i t ab i l i t y  i n  the plopsed 3A Palm column. -4 
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The' flowsheet for  this solwm di f fe rs  frm the HA cokm. flowsheet primarily i n  
tha t  the feed contains only 0.2-0.3 M UO2(NO3)2 but 5-8 M HNO3, and the flow r a t i o  
is adjusted t o  give a uranium concenEratibn i n  the produFt of 0.2 t o  0.3 M The 
performance of the cartridge with t h i s  flowsheet was h i w l y  satisfactory.  
following resul ts ,  a l l  obtained a t  room temperature, were determised: 

- 
The 

1. 

2. 

3 .  

4. 

L/ 
t 

The flooding frequency a t  a one-inch pulse amplitude ranged f r o m  115 
:ycles/min at a volume velocity of 700 gal/hr-sq ft t o  TT at a volume 
velocity of 2300. Flooding s tar ted la  the top half of the extraction 
section and rapidly propagated thrcugh the scrub section. 

The HTu's at frequencies abmt 10 cycles/min below the  flooding f re -  
quency were 1.1 t o  1.2 feet. UPanium waste losses were on the  arder 
of 0.002 t o  0.009 percent i n  the 12-foot extraction sectioc. 
losses may be on the high side because of uranium contaminatioa i n  
the solvent. Mlstron added t o  the scrub ( a t  about 0.1 g / l )  had no 
effect  on the waste loss. 

These 

Aqueous entrainment i n  the organic overflow durirg H3.l runs ranged 
from 0.1 t o  0.3 volume percent of the organic flow, and appeared t o  
be independent of variations i n  the organic holdup times i n  the 
disengagement s e c t i a  fo r  the range of 0.4 t 9  0.9 minutes. 

S3dium ion t racer  was added t o  the feed of two PJ& t o  determine the 
amount of entrainment i n  the organic product which originated in the 
extraction sectfon. 
ta t ive  sodium decontamination factor of about TWO was cbtained for  
one run across the six-foot scrub section plus disengagement section. 

Analytical resu l t s  are incomplete, but a ten- 

Although not separately investigated, the scrub sect ior  c u t r i d g e  (which had the 
same geometry as the extraction section cartridge) seemed t o  be au excellent 
match for  the extraction cartridge with respect t o  dispersion'characteristics 
end flooding. 
of 68 cycles/min and a volrrme velocity of 1850 gal/&-sq f t .  
column scrub section flowsheet is qQite slmilar t o  that for  the HA column 
scrub section, a unidiameter HA column using 23 perceat free area nozzle plates 
throughout appears t o  be feasible. 

' The scrub section was observed to operate stably at a frequency 
- Since the 3A 

* Processing Nickel-Coated Alumimum-Clad Fuels 

Fuels Preparation Department personnel are  currently fabricating and test ing 
aluminum-jacketed uranium metal f'uels having a 0.5 mil nickel coating on both 
the inner and outer s-=faces 3f the aluminum Jacket. In studies of the disso- 
lut ion of these fuels (nonirradiated), the outer nickel coating dissolved 
readily i n  boiling one molar n i t r i c  acid but was not r a p l a y  attacked i n  0.3 M 
acid. After r e m 1  of the outer nickel coating, the aluminum jacket and inn& 
nickel coating were removed by the usual sodium hydroxide-sodium n i t r a t e  proce- 
dure. The inner nickel coating was not dissolved; it was undercut and sloughed 
off as a solid.  
after prolonged (10-hour) exposure t o  the boiling decladding sc lu t im .  
gation of the nature o f - t h i s  material and i t s  effects  i n  dissolver solutions is 
i n  progress. 

A reddish brown material adhered t o  the uranium metal even 
Investi- 

4 
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S t a t i s t i c a l  AnEdysis-Photometer Calibratioc 

A s t a t i s t i c a l  analysis of the midcolumn photaneter calibration data has shorn 
that the instrument will measure the urariium concentra3ion in  the aqueous 
phase of a mixed-phase sample over the range from 0 t o  100 g / l  and 18 t o  60 C 
with an accuracy of f 0.5 percent or f 0.3 g/ l  whichever i s  greater. 

I 

In te r fac ia l  Area Monitor 

A part ic le  counting and classifying instrument was described at the Pittsb'srgh 
Analytical Conference. 
zmnt and classify the s ize  of crganic bubbles that ex is t  within ar: operating 
pulse column has been envisioned. 
itj measur'ement i n  a small diameter fu3e. 
shown the principle as sound, and have guided the design f a r  B prototype instru- 
ment. 
in te r fac ia l  surface area per uni t  volume wlthin an o p e r a t i q  pulsed extraction 
z31umn, a measure that has not been obtainable i n  the past .  
tance, it has the potential  t o  measure the organic-to-aqueous hold-up r a t i o  
tha t  ex is t s  i n  an operating pulse column t o  a higher degree of accwacy arid 
in a lesser time than the presect method of sampling and measuricg the volume 
9f the two phases after disengagement. 

A device which uses t h i s  p r i x i p l e  and which could 

The method is based on e lec t r ica l  conductiv- 
Prelimimry laboratory t e s t s  have 

The proposed monitor has the potential  t o  measure t2e acpeo?zs-organi: 

Of lesser  impor- 

An electronic bubble counting system has been fabricated t o  operate in coa- 
Junction with the in te r fac ia l  area detector. m e  zircui t ry  zmsists cf an 
amplifier, a time-to-amplitude converter, and ac e lec t r i ca l  regis ter  driver.  
A calibration system, also being tested,  consists of a free-ruxning m J l t i -  
vibrator az?d a coincidence amplifier. The system will feed a sigaal t o  an 
existi3g =-channel analyzer which w i l l  serve as t i e  bubble size r ead -a t  
system. 

- 

Semiworks Fltlid-Bed Waste Calciner P ro to t ze  

Two successful rum aad one run resultilzg IC excessive 3ed taking were 
cmpleted &z ing  the month. 
izg a high iron, high sulfate ,  high acie Parex was%e strean.. 

The feed cmpcsitior; was :hanged t o  me simulat- 

NO feed nozzle pluggage occurred as a resu l t  of nozzle P u p  fmnat ioc during 
operation with the AUL type nozzle, evei though the  atmizi:zg a i r  flow rate 
was reduced. (The "ANL" nozzle is  one patterned after the extended-tip nozzle 
designed a t  ML. The l iquid t i p  of t h i s  cczzle extetids 3/16-i=th kJeyond the 
air cozzle, which, i n  turn, extends 1/8-inch beyozd the inside calciEer w a l l : )  
However, at the end of the ruc, a small lump was observed $11 the Rozzle, 
probabPj indicating a potential  serious buildup &wing axtueEded operation. 
A mcderate amwnt of agglomerate formatior, i n  the calcine (one percent by 
weight) confirmed the ?act that nozzie lumping was occurzing t o  a small extent. 
The reduced tendeicy t o  lumpicg i s  a def ini te  improvemer;t .mer that of the 
standard nozzles used so  far. 

L/ The severe bed caking which occurred ir, the one sh9rt run vas primarily a 
resu l t  of p3or a tmiza t ion  i n  a malfunctioning "stat,dard" nozzle. The mzzle 
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was fouGd t o  be out of alignment acd also imprcperly assembled. 
caked bed consisted of lumps, from "cornflakes" t o  hard fused f is t -s ized "rocks", 
on the heaters. The bed was cleaned out by a combination of chipping, slurrying 
with di lute  n i t r i c  acid, and fluidizing a bed of garnet sand. 

The result ing 

Feed solution of the composition tes ted th i s  morith has a considerably greater 
tendency for sintering and fusing a t  lower temperatures than the feeds tested 
previmsly.  
(about 1/16.-inih thick) a t  measured heater temperatures of 700 C, and Sy com- 
plete f'using at temperatures of 800 C .  The greater fusing tendency for  th i s  
feed solution (with a sulfate  t c  salt c i t r a t e  r a t i o  of 1.6, and a sodfum-to- 
iron plus alumiaum r a t i o  of 0.8) oonfirms data obtained for  comparable solutions 
i n  batch calcinatio?l work. If solutions of th i s  composition are t o  be success- 
fu l ly  processed in f lu id  bed equipment, it appears that cozzditions must be 
altered to:  

This sintering tendency became manifest by scaling on the heaters 

1. Adjust the solution composition (e.g., reduce sodium.and/or sulfate 
concentrations, et?c. ) or 

Reduce operating and/or heat source temperature. 

Another objectionable feature t o  feed of this canposition i s  the excessive 
quantity of f ine  calcine entrained i n  the calciner off-gases. 
ment was 25-30 percent of the t o t a l  calcine compared with less  than five per- 
cent i n  the previous Purex type waste tested. 

Observation We 11s 

Project CAE-885 (CET FY-1960 w e l l  d r i l l ing)  was combined with the w e l l  d r i l l i ng  
. portions of project CAC-840 and C2-1-791 (CPD and IPD projects).  

scheduled t o  begin by June 1 and t o  be completed during calendar year 1960. 
F'urther use of the core barrel method of &i l l i ng  and aquifer tests during 
d r i l l i ng  are expected t o  provide more and improved information on the geclogic 
features affecting waste disposal. 

2.  

This entrain- 

- 
The work was 

There were no significant chaages i n  ground water contamination patterns i n  
the v ic in i ty  of the 200 Areas. 
216-Ul and U2 cribs at a concentration of 1.5 x lo-% uc/cc. These cribs re-  
ceived miscellaneous U-Plant wastes from 1951thraugh 1956 and now receive 
infrequent small batches of decontamination wastes. 

Uranium was detecte i n  a well  monitoring the 

The trailer-mounted s c i  t i l l a t i o n  probe was calibrated t o  measure i ts  capabili- 
t ies for  detecting Rulog i n  monitoring wells. The calibration was performed 
by submersing the probe inside a short section of well casing i n  a tank of 
water t o  which was added various concentrations of rutheoium spike. 
was found t o  respond t o  concentrations as low as 2 x 10-6 uc/cc. 

The probe 

D i S D O S a l  t o  Ground 

Seven samples of Furex s i l i c a  gel  regeneration waste were submitted for  analysis 
t o  evaluate ground disposal problems. 

(8 x.103 uc/cc) and none contained detectable concentrations of CJ0. The 

This waste is  discharged t o  the 216-A-3 - cr ib.  l y  one of the samples contained detectable concentratioaso Cs137 
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t radiostrontium concentration averaged 1. x uc/cc with an average 
S w c o n t e n t  estimated t o  be less than 2 x lo-? uc/cc. These low concentrations 
do not warrant special laboratory study af t h i s  waste. 

- 
Scouting studies were started t o  examine the potential  for decontaminating 
higher leve l  chemical processing plant waste with c l inopt i lo l i te .  I n i t i a l  
experiments involved aged Redox high-salt waste. A synthetic waste solution 
spiked Kith the  a@ waste was passed through a 120 cm mineral column a t  a 
flow rate of 40 @/hr-sq ft. 
alkaline waste was found t o  be greater than 99 percent radiocesium for  which 
c l i cop t i lo l i t e  has a high specif ic i ty .  Prelimin analytical  resul ts  indi- 

The resu l t s  indi- 
cate t ha t  a s t i l l  higher D.F. would be obtained with a longer column. 
capacity of the bed fo r  decontaminating these wastes i s  estimated t o  be 
about 50 column volumes. Thus, the  cesium i n  50 gallons of t h i s  waste could 
be contained on one gallon of the mineral bed. The waste was found t o  
contain very low concentrations of radiostrontium and none was detected i n  
the i n i t i a l  effluent from the col;urm (D.F. 100). Ruthenium broke thrclugh 
the mineral column very quickly. 

The radioactive material i n  t h i s  6-year-old, 

cate an i n i t i a l  decontaminatioz: factor of 2 x 10 F for C s .  
The 

Arrangements were made for laboratory s o i l  column evaluations of wastes 
frm the Coolant System Decontamination Test Faci l i ty  i n  the 242-B Building.. 
Analytical data indicate tha t  the waste contains neutron activation products 
with lesser quantit ies of rare earths, Zr-Nb and Ru. About 500 gallons per 
week i s  now seat t o  underground tank storage i n  the 200 East Area. 

Special Ge3logical Studies 
u 

The di f f icu l ty  i n  predicting the percolation ra te  i n  c r i k s  even only a few 
hundred feet  from an existing c r ib  from which information i s  available was 
emphasized during construction of the 216-u-12 cr ib .  
zlosed extensive s i l t  beds up t o  s i x  inches thick a t  the proposed s i t e .  
Csrrelation of t h i s  information t o  data f r o m  the 216-WR c r i b  excavation 
gbtained i n  1950, suBested tha t  a be t te r  s i t e  lay aboat 100 feet  westward. 
Completion of the p i t  a t  the new s i t e  confirmed the si tuation. The replace- 
mmt c r i b  wi l l  be f ive  t o  ten  fee t  kigher i n  a l t i tude thag the original 
:rib acd w i l l  l i e  within a ser ies  of coarse sands separated by s i l t  partings 
up t o  a?mut two  ixhes thick. 
partings i n  a permeable s i l t y  sand. 

Ea r l j  excavation dis-  

The WR cr ib lay largely beneath these s i l t  

Five s i l t  partings were noted in a 19-foot ver t ica l  distance, the  lowermost 
of whizh l i e s  a few inches below the p i t  b o t t m .  
l i e s  about two feet  deeper and was fotlnd i n  oEe test hole dug for  the purpose. 
Others may l i e  deeper. 
l a t e ra l ly  for  some distance because the s i l t  beds, although thin,  are quite 
?mtinuocs. 

Another s i l t  bed apparently 

Flow of waste out of the cr i l ,  prgbably w i l l  be 

TRANSURANIC ELEMENT AND FISSION PMDUCT RECOhmY 

Strontium Recovery 

Studies were zontinued t o  develop practlcal  methods for  dissolving strontium- 
lead sulfate precipitates accumulated i n  ~ e ~ i t r i f i g e  equipment. 

- 
Successive 

I 2 5 2 1 5 3  
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centrifuge washes with 6 M HNO 
followed with n i t r i c  acid-workid e f f ic ie3 t ly  and a lso  gave a sezaration of 
strontium f’rom the rare  earths. 
99 percent of the cerium with two percect of the strontium. 
moved 97 percent of the strontium with the remainder a f t h e  cerium. 
however, that the best way t o  solubilize the strontium is t o  s lurry the cake 
from the centrifuge and t r e a t ,  in-tank, with acidic oxalate solution. This 
treatment dissolves the strontium and converts the lead, cerium, and rare  earths 
t o  insoluble oxalates. 

gave hadequate reamal ,  but 4 M sodium acetate 

Thus, the  first four centrifuge washes removed 
The next four re- 

It appears, 

Strontium Purity Determination 

Complexlometric t i t r a t i o n  (for  calcium) and polarography (for strontium and 
barium) have the advantages of remote operation, use of aqueous samples, and 
acce?table detection limits. Experiments with a Sargent Model XXI polarograph 
using te t raethyl  ammoniuni bromide as supporting e l e  t ro ly te  showed that stron- 
t ium and barium could be detected down t o  about 10’ M and that a barium con- 
ten t  as low as one percent ( in  otherwise pure s t r o u t i s )  could be measured. 

Mass spectrophotomctry was successfully tried (E. B. Street) as a method for 
determining the isotopic purity of recovered strontium. Results obtained on 
151,g and 1 .!.g samples of natural  strontium indicate that reasonable accuracy 
is  obtained with samples as small as one microgram. 
resu l t  of mass spectrophotometric analysis with radiochemical determination of 
strontium-90 would afford a way of determining t o t a l  strontium. 

A canbination of the 

Technetium Analysis u 

Analytical methods suitable for  the determination of technetium in a wide 
variety of Purex streams are being developed. Anion exchange, as a preliminary 
purification and concentration step, shows p r a s e .  Tht technetium, presumably 
as pertechnetate, loads readily onto Dowex-1 from 1 M HC1 and is easi ly  eluted 
with 4 M HN03. Decontamination factors frm beta a d  gamma activity are abuut 
40 t o  a, respectively, but decontamination frm ruthenium is very poor (DF 3.8) 
Solvent extraction is  beizig explored as a second step fo r  added decontamination. 

Preliminary experiments indicate that polarography may be an a t t rac t ive  method 
for  determining technetjim. It has the  important advantage mer radiochemical 
methods tha t  complete decoatamination from the other f iss ion products is not 
required. 
0.3 . g Tc/ml and f 4.8 percent a t  1.0 ’g/ml. By using micro ce l l s ,  samples 
containing as l i t t l e  as 0.2 g of technetium would yield adequate precision. 

Fission Product Packaging Prototype 

Four final runs were made with the hydrolyzer t o  complete the studies on the 
conversion of Cs$nFe(Cm)6 t o  mixed oxides by the hydrolysis method. These 
runs were made t o  evaluate the following: 
a t  the rear of the hydrolyzer tube, (2) characterist ics of steam hydrolysis 
i n  the absence of air, and (3) effect  of iron oxide additives on slurry cal-  
cining properties. 

A precision o f ’ f  10 percent was obtained with samples containing 

(1) effect of a r e s t r i c to r  baffle 
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The t rue  value of the r e s t r i c to r  baff le  was indeterminate under the conditions 
of the runs. However, two improvements were observed; namely, a greater resi- 
dence time for  the process material and a be t te r  temperature distribution in  
the reactor zone. 

Sensit ivity t o  tar formation was more pronounced i n  the hydrolysis of C S ~ Z ~ F ~ ~ C N ) ~  
with steam alone than wlth a mixture of steam and air. The tar starts t o  form 
when the reactioa zone temperature exceeds 350 C.  
formed during the p a r t i a l  deccimposition of the cyanide radical.  

The addition cf iron oxide, i " u  equal weights of Fe203 t o  Cs,-$nF'e(CN)6, s ign i f i -  
cantly enhances the over-all process. 
advantages were observed: 

It is believed t o  be a polymer 

The following f ive  autstanding 

1. 

2 .  

3. 

4. 

5. 

An absorption meckanism improves many fold the i n i t i a l  separation 
of the C S ~ Z I I F ~ ( C N ) ~  precipitate from i t s  mother liquor. 

Flow characterist ics of the slurry within the hydrolyzer are improved. 

The nitrate-cyanide reaction i n  the hydrolysis-calcination step i s  
negated. 

Conversion t o  the mixed oxides i s  significaEtly improved because of 
the catalyt ic  effect  of the f e r r i c  oxide. 
observed at  temperatures i n  excess of 400 C .  

No tar formation was 

The f i l t r a t i o n  characterist ics of the product discharged from the 
hydrolyzer are greatly improved. 

In addition t o  the continuous processing methods being studied i n  conjutxtion 
wi3h the f iss ion product gackaging prototype, studies are being made on batch 
(or semi-c3nclinuous) methods of Zomerting f i ss ion  product brines and s lur r ies  
t o  suitable products for off-s i te  shipment. A three-Inch-diameter agitated pot 
is  Seinq designed. 
w i l l  5e performed i n  %he pc t .  Ideally, the calcining pot -mid be removed from 
the agitator assembiy a d  would seryre as a compcmetit of" the product shipping 
c opt aicer . 

n e  f i t a l  boil-down, drying and/sr calcining cperations 

Analysis of Lead by Controlled Potential Couiometry 

Lead down t o  0.002 g/l concentratior. was measured csulDmetrizally with a 5 2 
percent error .  
and t i n )  was done by a -0.65 vol t  rsductior, t o  lead metal which dissolved i n  
the mercury pool cathode. 
gotasaim sodium t a r t r a t e ,  the lead metal was oxidized a t  -0.25 volt ,  with 
incidental transfer of the lead t o  the new electrolyte .  The oxidation was 
used as a measure of the lead presea+,. 
of t i n  would interfere .  
yielded e r r a t i c  resu l t s .  

Separating from sample hterferences (except bismuth, cadmium, 

After adding 0.1 N - The electrolf le  was discarded. 

b y  bismuth, zadmium, 3r large amount 
colorimetric dithizons method had occasiozally 

L/ 

1 2 5 2 1 5 5  
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Isotopic Analysis of Strontium 

{pr-j 
Hw-64580 

Microgram strontium in molar n i t r i c  acid was analyzed isotopically by the thermal 
ionization mass spectrometer. Tantalum filament was used because i t s  strontium 
work function exceeds that of conventional tungste 
grams of natural  metal, 82.68 f 0.43 percent of Srb was observed; prec ion was 

Similarly, &54 f 0.04 percent and 0.46 f 0.04 percent were observed concentra- 
t ions of Sr 

Analysis of Ce-Pr144 i n  the Presence of 

Cerium-PrlU was more accurately measured i n  the presence of Ce141 by increas- 

in5B (cs 
Ce-Pr14* - r ich  80 Kev region out of the instrument noise area. Secondly, the 
increased gain reduced the effect  
became usef'ul f o  measuring Ce-Prl@. The small CeEi contribution was deducted 
by measuring CelE1 i n  the upper half @ + t h e  peak centered a t  140 Kev. The upper 
half was selected t o  min e e Ce-Pr contribution centered a t  134 Kev. By 
so doing, however, 
dr i f t .  DuDlicate C e - P r  the 
percent. Previously, e-R.1' values came fi easurements of t o t a l  cerium 
ac t iv i ty  a t  the 1 Kev pea&corrected for  Cw contribution by ' a  p r io r i '  
as 
CefRpcounting efficiency is  ten  times greater than tha t  of Ce-Prlh at 135 Kev. 

filament. With 15 micro- 

poorer for  a one microgram sample which showed 82.00 f 0.70 percent S r  $8 . 
, the least  abundant isotope ( l i t e r a tu re  value: 0.55 percent). 

e gamma energy spectraneter gain. Its increase from 10 Kev per channel 
n channel 66) t o  5 Kev per channel (Cs137 i n  channel 132) moved the 

instrument d r i  Thus, the 80 Kev reqion 

*' measurement became more sensit ive t o  instrument 
asurements showed a standard deviation of f 6 

tions o f  Cegzl t o  Cel ra t ios .  The method suffered frm t h  fac t  the 

Purex Organic Treatment Pump Mixer 

Additional studies have been ccrmpleted on the  Purex G - 1  organic p u m F e m i x e r .  
Recent studies have been made i n  an attempt t o  devise simple methods for  r ec i r -  
culating settled organic back through the pump-mixer for  remixing with aqueous 
treatment solution. Instal la t ion of an eductor i n  the organic in l e t  l ine  per- 
m i t s  the  required recycling. 

Pump for  Purex Recavery Instal la t ion 

A special five-stage deepwell turbine pump has been designed for  possible use 
in a proposed Purex Plant recovery f ac i l i t y .  
and design layout limitations, will be e maximum of four inches in &iemeter and 
30 feet long. 

The pump, because of special process 

Recuplex Pulsers 

A test ins ta l la t ion  is being fabricated for  testing various pistons and rod-seals 
which Bse candidates for  use i n  pulse generation equipment of the proposed new 
Recuplex f ac i l i t y .  
simply the hydraulic pulsing conditions which could be encountered i n  the 50-foot- 
long Recuplex columns. 

With the t e s t  instal la t ion,  it w i l l  be possible t o  simulate 

1 2 5 2 1 5 b  
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Non -Met all1 c Materials 

Samples of polyethylene cut f r o m  a spare Purex HA column plate have been 
irradiated i n  the presence of Purex EiAX and simulated HAW and the tested for  

been tes ted.  
t ions dwing Irradiation ha8 any appreciable effect  on the flexure l i f e  of 
the plast ic .  

flexure l i f e .  Samples which have received a t o t a l  dose of 5 x 10 8 r have 
There i s  no clear indication tha t  the presence of the solu- 

The test i s  being continued t o  higher exposure levels.  

Several gasket materials which were found resis tant  t o  phosgene a t  room 
temperature were tested i n  phosgene gas at 500 F.  
only Teflon fe l t  and Hypalon rubber (both products of duPont) remained intact  
at  the end of the test. 
f e l t  shrank i n  one dimension and became thicker.  
otherwise unaffected. 
phosgene at  500 F. 

O f  the materials tested,  

The Hypalon rubber became stiff  while the Teflon 
The Teflon f e l t  was 

Either material would make an adequate gasket for 

Corrosion of Decontamination OTeration Waste Storage Tanks 

Samples of 1020 s t e e l  were exposed t o  l iquid and vapor phases of solutions 
taken from the 4, 8, 12, and 16-foot levels i n  the 118-TX tank t o  determine 
if Decontamination Operation wa'stes present a corrosion hazard i n  the tank. 
During a ten-day exposure, corrosion rates  i n  a l l  l iquid phases were less  
than 0.01 mil/mo. 
attack ranging from negligible t o  ten mils/mo was found. 
with freshly polished samples will be made. 

Results on the vapor phase samples were e r r a t i c .  Pi t t ing 
Further exposures 

continuous Slag and Crucible Dissolver 

A survey t o  determine appropriate materials of constructior, for a con- 
tinuGus slag and crucible dissolver is i n  progress. I n  boiling simulated 
dissolver soluti3n, annealed Hastelloy F (low carbon), Ni-o-nel, 309 SCb 
s t a h l e s s  s t ee l  ard 347 s ta inless  steel corroded a t  ra tes  sf from faur t o  
eight mils/mo. 
and 16 mils/mo, respectively. 
and 309-L stainless  s t ee l  are  nurrently under tes t .  
ancealed 347 s ta inless  s t e e l  pot i s  being exposed t 3  the dissolver solution 
under conditions permitting study of heat transfer effects  atid vapor and 
iaterface corrosion. 

As-welded Hastelloy F ar,d Ni-o-ne1 corroded a t  ra tes  of 11 
Haynes 25, as-welded 309 SCk stainless  s tee l ,  

Also, a welded and 

Examination 3f Failed Purex F-6 Tdce Bmdle Sectiosl 

Tube bundle 17, which developed leaks a f t e r  20 mmths' service ir, the east  
position of the F-6 waste acid scrcentratar,  has been removed and decontami- 
rated. A section was cut from the bcttom of the bundle acd examined in  de t a i l .  
While the tube sheet and some of %he tubes are severely corroded, the fai lures  
occurred at tube-to-tube sheet welds acd ap2ear t o  have resulted from impro?er 
placement of the weld bead. 

Purex 1WW Interim Acid Waste Sdorage 

Coupons 9f 304-L stainless  s t ee l  Were exposed t o  boiling solutions simulating 
Purex 1WW waste which would 7;e produced i f  ac iron-free flowsheet was fallowed. 

I 2 5 2 1 5 1  
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Nitr ic  ac id  content of the solutions racged from zero t o  s ix  molar; a l l  solu- 
t ions,  exeept that a t  s ix  molar, simulated 60 p r c e n t  concentration of 1WW. 
Corrosion ra tes  i n  the solutions one molar or less ic n i t r i c  acid were 
essent ia l ly  the same as those previmsly observed i n  solutions simulating the 
present iron-contairziag wastea acd containiag the same free n i t r i c  acid. 
n i t r i c  acid consentratims above one molar, the corrosion ra tes  were s igni f i -  
cantly higher thaa those previouely mted  i= iron-cor;taining wastes. 

A t  

Contaiaers f o r  Calcined Wastes 

Stairless s tee ls  304-L and 347, and carton s t ee l  1020 were exposed t o  syn- 
the t ic  calcined wastes representing (1) batch calcined neutralized Purex 
waste, (2) batch calcined acidic Purex waste wit3 sulfate addition, and 
(3)  f lu id  bed calciaed acidic  Purex was+,e (from ANL). 
at 400, 600, and 800 C i n  a normal furnace atmosphere. 
ature, corrosion was the most severe for  (l), intermediate for  (2), and 
lowest for  (3) .  Penetration ra tes  at  400 C were less than 0.1 mi l / -  for  all  
three metals i n  a l l  three wastes. A t  600 C, penetration ranged f r o m  less than 
one mil/mo for the s ta inless  steels i n  ( 3 )  t o  60 mils/mo for the carbon s t e e l  
in  (1). 
steels i n  (3)  t o  1000 mils/mo fo r  the carbon s t ee l  in  (1). 

Exposures were made 
A t  any given tempsr- 

A t  800 C, penetration ranged from 15 mils/mo for  the s ta inless  

PROCESS CONTROL DEVELOPMENT 

Integrated Plutonium Output Redox 3 BP Stream 

w The integrator on the 3BP plutonium moslitor operated sa t i s fac tor i ly  for  8 

month. Since there is  presently no 33P flowmeter i n  the Redox Plant, the 
unit  was returned t o  the laboratory and a sol id  state 0 t o  50 a i l l l v o l t  
power supply with Zener diode regulation was designed and b u i l t  t o  simulate 
the Redox 3BX flowmeter reading. 
multiplied by the cowting rate meter outpzlt of the plutonium concentration 
monitor. 
t o  give the amaunt of plutonium processed during tha t  time. Cycle times as 
long as 270 hours can riow be integrated without exceeding the capacity of 
the integrating regis3er. 

The simlaced flowmeter reading will be 

Tke resultant product w l l l  theo be integrated over a process cycle 

T"e over-all system accuracy is about two percent. 

Purex E-3 9H Probe 

A new pH probe uc i t  using "Swagelok" f i t t i ngs  instal led ic Pur- E-3 tank 
has operated sa t i s fac tor i ly  since February 23, 1960. Provision is being 
made t o  include a temperature compensator on the next replacement for  the 
E-3 pH probe. 

NON-PRODUCTION F'UEIS REPROCESSING 

Mechanical P rocess iq  

Shear Basin Modification. Modifications t o  the shear basin and ins ta l la t ion  
of a new 40-ton hydraulic shear (Model 11) i n  321-A Building are apDroxi- 
mately 75 perzent complete. 
coming month. 
and demonstration of a w e t  shearing system for shear dust control. 
be a scale model ( i . E . ,  contain the essent ia l  engineering components) of the 
shear system considered for  incorporatioc i n  the  Hanford NPF mechanical c e l l .  

Startup i s  expected during the ffrst  week of the 
The new equipment wi l l  permit more extensive shear blade t e s t s  

It w i l l  i 

1 2 5 2 1 5 8  
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Yankee &el  Disassembly. Disassembly studies of Yankee fuels continued during 
the month. The bands used t o  hold subassemblies together (about 3/64-inch- 
thick by l/2-inch-wide s ta inless  steei bands) were &t with a "draw" knife. 
V a r i o u s  thickness bands with the ends held in  various ways (ranging from 
slight i n i t i a l '  tension t o  both ends free) were successfully s l i t .  
cuts per knife have been made, indicating a knife cost well below $?/ton of 
uranium. 

Over 60 

Three band cutting mathode are currently considered practical: milling cut ter ,  
s l i t t i n g  knife, and high-speed s a w .  
in i t ia ted  during the  coming month. 

Testing of a high-speed saw will be 

Mechanical Cell IVaK Handling. 
haadlirrg system contemplated for  the IWF mechanical c e l l  if sodium or NaK 

Tests are being made on a mockup of the NaK 

containing fuels were processed at  Hanford. This systen: includes a s a w  
hood where sodium is reacted with water at a controlled ra te  and a scrubber 
(Peabody) for the treatment of gaseous reaction products. 
reacting 3.5 grams NaK/min, under three inches of water, resulted i n  an 
over-all removal efficiency of greater than 98 percent. 
percent of the t o t a l  NaK reacted l e f t  the hood as fume; the  remainder formed 
caustic with the water i n  the hood. 

A t e s t  made 

Only abaut f ive  

Feed Preparation 

Orlon F i l t e r s .  Orlon fe l t  f i l ters can be solubilized i n  hot 10 M HNO . 
It is suggeated that Orlon fe l t  be used t o  f i l t e r  mechanical t r e h e n ?  c e l l  
water, and that  f i l t e r  and collected uranium dioxide be dissolved along with 
a charge of fuel. 
f e l t  f i l t e r  cloth and uranium dicrxide pe l le t s  in  10 M KNO exhibited normal 
uranium dis t r ibut ion and decmtamination under Redox-scilv&t extraction con- 
di t ions.  
i z te r fac ia l  scums and poor disecgaging behavior. 

Dissolver solutions obtained by codissolution of Orlon 

Fine hair-l ike par t ic les  of f e l t  i n  these solutions produced 

Zirflex Process Modifications. 
modification i n  which reaction-generated anrmonia i s  neutralized by additio2 
of hyh"of',uoric acid instead of being removed by volat i l izat ion.  -2ircaloy- 
clad uranium dioxide fue l  eleme9ts simulaticg those eqec ted  in  the PRTR 
were obtained. 
oxide" coating. 
mbN03. A t  pH 7.6, rapid attack on the Zircaloy-2 d id  not o k r  u n t i l  a g e r  
an induction period ranging frm 50 t o  90 minutes. 
zeeded by p i t t ing  attack and undercutting characterist ic of Zirflex dissolu- 
t i m  of oxide-coated Zirzaloy-2. 

Study was continued of a Zirflex process 

These fue l  pieces had beec autoclaved t o  oroduce a "black 
They were declad i n  a solution i n i t i a l l y  2 M NH4F - 0.5 M 

Dissolution then pro- 

Acid Fluoride Dissolution of Zircaloy-2. 
Zircaloy-2 cladding i n  hydrofluoric acid-nitric acid solutions is  being 
studied. 
for sliekel-base alloys and re la t ive ly  high Zircaloy-2 dissolution rates i n  
n i t r i c  acid-hydrofluoric acid solutions a t  low temperature (25-50 C). 
nary data indicate satisfactory Zircaloy-2 (unoxidized) dissolution ra tes  
(10-15 m i l s / b r )  can be achieved w i t h  2 M HF - 0.25 M RNO ; corrosion ra tes  for 

under similar ccaditions . 
required t o  penetrate oxidized Zircaloy in reasonable times. 

h al ternate  prozess for dissolving 

This process seeks t o  take advantage of low corrosion rates  observed 

Prelimi- 

alloy 11 B (BMI e-erimental alloys) of-less than one mi ?. /mo were cibtained 
Higher hydrofluoric acid concentration (3 M) was - 
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Attack of urasium dicxide core materials by typical  termiaal decladding solu- 
t ions (0.25 M HNO 
percent per 
addition of siUamic acid t o  the decladdiag solution. 

- 2 M IIF - 0.44 M Zr) was re lat ively high - ca. 0.1 weight 
$or t h c  sazaple stu&ed. The attack was reduced markedly by 

Recirculatioa Dissalver Studies. 
the motivating force for  recirculation during Zirf lex dissolutioas was Arrther 

The attractiveness of using a steam sparge as 

demonstrated i n  the p i l c t  plant dissolver. 
5.5 M, NHkF - 0.5 M IVH I'?C 
sparge was used for mkti$ation during ioit ial  heating, but was replaced by a 
superheated steam sparge (350 F) when the dissolvent reached the boiling *em- 
perature. A steam sparge of 2.6 lb/min provided a boilup 3f 0.2'7" lb-mol/hr- 
sq f t  and a recirculat ior  r a t e  of 8 gpn. 
mils/hr and an integrated dissolutioG ra t e  of 27 mils/hr were attained. 

Zircaloy-2 tubing was dissolved i n  
with a12 F/Zr mole charge r a t i o  of seven. An a i r  

A maxiwun dissolution r a t e  of 43 

A second Zirflex run was made t o  dissolve Zircaloy-2 cladding from swaged 
UO rods. The unexpected thickness of the cladding resulted in decladding 
0 8 y  18 of the 2" rods charged. 
conditions as the previous rua, and the rnaximw and in+egrated dissolution 
rates were essent ia l ly  the same at  43 md 28 m i l s / h r ,  respectively. Uranium 
losses t o  the decladdirg solutio3 were approximately 0.02 percent and were 
adequately predicted from laboratory data. Uranium dioxide f ines  apparently 
settled out during the dissolver cool-down period with a very small percent- 
age carrying over t o  the centrifige step. 

The rut was carried out under the same 

Flooded Tray Dissolver. 
U02(NO )2 ,  0.068 M Mo, 0.95 M Fe(N0 
dissolaer t r ay  weFe careful ly  contralzbd t o  try t o  prevent precipitation of 
solids and s t i l l  represent terminal dissolution coEditioas. However, as soon 
as the hot dissolver solution contacted tae alloy, solids.containing about 
35 weight percent uranium precipitated. The dissolver solution had been made 
up from a previous uranium-molybdewm al loy dissolver solution, butted with 
uranyl n i t r a t e  and ammonium molybdate solution. 
the run was the expected 32 m i l s / h r .  

An al loy of U-3 w/o Mo was dissolved in 0.86 M 
Canditions in thg w 0.86 M mO3. 

The penetration rate during 

The dissolver solut ior  and precipi ta te  were treated t o  redissolve the solids.  
Mgesting fo r  three days at 0.88 M UO (NO ) , 0.051 M Mo, 0.9 M Fe(N0 ) , 0.55 
M - HlQO did not. dissolve the presiFitafe.  3Nftric a c i z  was addez t o  3.3 Aolar 
a t  whlch point the precipitate dissolved. The acid concentration was success- 
fu l ly  lowered without the formation of a precipitate t o  1.8 molar by boiling 
while adding water t o  maintain a constant volume of solution. 
condensate volume was one-half the or iginal  solution volume. 
step, the solution was sli@itly concentrated t o  a 2.2 M Bm03 acid concentration. 

In laboratory scautir;g studies, formaldehyde was used successRrlly t o  destroy 
the acid in this solution. After the i n i t i a l  addition of formalin t o  boiling 
dissolver solution, brief indwtiorr periods up t o  two minutes were required 
before the first brown fumes appeared. Mo induction period was required for  
solutions which had previously reacted with formalin. 
vigorous and increased as the fcrmalic addition rate increased; decreased as 
the n i t r i c  acid concentration decreased; and stopped when the formalin addi- 
t i on  stopped. 
boakd above the s o h t i m  surface. 

The waste 
As a terminal 

- 

The reaction was 

The f ro th  from the reaction broke quickly in the small free- - 
Daz-k brown fumes were produced by the 
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I n  the  p i lo t  plant, 
12 percent methanol 
dissolver solution. 

an i n i t i a l  50 m l  charge 
i n  aquaaus solution was 
After the solution had 

of 37 percent formaldehyde - 
added t o  the cold 2.2 M HNO 
been brought t o  a boil, *$her 

additions of formalin s o l u t i m  at ra tes  as high as 0.5 l/min produced 
irzstantaneous reactions. Addition of 21 l i t e r s  of formalin solution with 
simultaneous concentratim reduced the acidi ty  i n  350 l i t e r s  of dissolver 
solution t o  0.2 M 1x1 250 l i t e r s  of solution. 
2.5 H+ per HCHO %re attained i n  the combined destruction-disti l lat ion 
operation, compared with 2.0 H' per HCBO predicted i n  AERE-CR-1739 for  des- 
truction alone, and 3.0 predicted i n  Hw-58587 for  combined destruction- 
d i s t i l l a t i on .  

Formaldehyde use ra t ios  of 

Five runs made last month i n  which 2s aluminum was dissolved i n  mercuric 
nitrate catalyzed n i t r i c  acid confirmed the effect  of recirculation r a t e  
on dissolution rate. The data shown below gives recirculation rates  and 
corresponding dissolution rates for  various n i t r i c  acid concentrations 
with 0.005 M - a ( N O 3 I 2  as catalyst:  

Recirculation r a t e  
@/sq f t  charge: 0.25 0.5 1.2 0.6 1.6 

Penetration ra te  per- 
cent of batch rate:  35 75 95 160 120 

R a n g e  of n i t r i c  acid 
5.5 t o  7.5 6.4 W concentrations, M, : 0 t o  5.0 o t o  5.0 o t o  5.0 

Sulfex Studies. 
302 s ta inless  s t ee l  t o  determine i n i t i a l  differenfYia1 penetration rates  as a 

A series of laboratory scale Sulfex runs were made on type 

function of sulfuric acid concentration. When sulfuric acid concentrations 
varied from 3.0 M t o  8.0 M, the penetratisri ra tes ,  R, expressed in  m i l s  per 
hour, are descriged by thg  expression: 

When the acid concentrations were below three molar, a black residue was 
albays observed. Althmgh t h i s  residue amounted t o  &ly 1.1 weight percent 
of the s ta inless  s t e e l  present, i t s  formation was accompanied by some 25 
perzent increase i n  penetration ra tes  over those predicted by extrapolation 
of data sktained a t  higher acid concentrations. 
(m-61842j, the uranium losses t o  Sulfex decladding solutions are sig!Iifi- 
cantly decreased by the presence of t h i s  black residue. 
residue has beec submitted for  chemical analysis. 

Accordiag t o  Swanson 

A sample 9f t h i s  

Preliminary studies with types 304-L and 347 s ta inless  s teels  gave no black 
residues when dissdved i n  sulfuric acid a t  zonzentratiom cf 2.0 M and 
greater.  
percent m3re rapidly, and type 304-L a b u t  f i f t y  percent less rapidly, than 
does type 302 i n  i n i t i a l  Sulfex solutioxs+ 

It aypears t k s t  type 347 s ta inless  s t e e l  dissclves about-fifty 

.u Qualitative experiments bave demonstrated +,hat n i t ra te  i n  4 M H2S04 can be 
destmyed w i t h  formalir, t o  the extec2 tha t  active s ta inless  ;tee1 is not 
passivated by the solution. 
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Modification cf 222-5 H i g h  LeveL Cubi5.e. 
cubicle in the 2 2 2 4  31%. for fbrther studies on decladding and d i s soh t ion  of 
nocprodiiction fiels.  
the irradiated fue l  pieces desired. 
apparatus x w  1:: the c e l l  i s  being fabrizated. 
associated e q u i p e r t  is  near ccmpletim. 
cask, availakle f r a  take Radiometallurgy operatim, for  transport of fuels f r o m  
327 Eldq.  %o 2 2 2 4  and t o  provide for  g e t t i ~ g  the fue l  pieces iEto the cubicle. 

Suppart sf Cr i t i ca i i t y  Studies 'J02 Cake Dex i t i e s .  HW-64421 ent i t led  "Density 
and Hydrogen Coztest. of U02 Cakes acd Slurries" was issued. 
last moritC, tZesa studies provided informatim used t o  evaluate the c r i t i c a l  
mss safety of various equipment pieces ar;d process vessels ir,cluded in the 
NPF; reprocessicg cap lex .  

It is ?lamed t o  equip the high level  u 

Arrangements have been completed for obtaining most of 
Equipmeerzt for remcval and burial of 

Desigz of t.he dissolver and 
It is planned t o  modify an existing 

As was indicated 

"ID Process" neutro-, Absorptiometer. 

fluclear p i s o n s  may be added t o  certain streams in the Redox plact t o  assure 
ouclear safety when processing ecriched fuels .  
neutrm absorptinaeter prcke has been fabricated t g  aid i n  esta3lishing su i t -  
able demetries for  measuring boron zoacentration i n  the 2M, lBX, 2DA make- 
up taaks aDd the  F-2 and F-5 conceEtrators. 
the 2M m3zlitar bas been determined. The mozlitor u t i l i z e s  a plutonium- 
beryllium zeutrcr? soume with the  process solution serving as moderator. 
Thermal neutrons me measured with a BF tube adjacent t o  the s m c e .  

A prototype of an " in  tank" 

A design and calibration curve for 

3 
REACTOR DEVELOPMEIJT - 4000 PROCRAM - 
PLUTONIUM REEYCL3 PRoGEiAM 

Sal t  -Cycle Process 

Frepazlatioa of Electrolytic UOp. 
t an t  variable 1-dluencing the crys ta l  habit of U02 electrolyt ical ly  deposited 
on a graphite cathode out of molters NaCl-KCl eutectic a t  700 t o  800 C i s  the 
degree of exposure t o  chlorine which the  U02 depDsit i s  permitted. The den- 
d r i t i c  type af deposit which kad been corsidered "typical" of the process in 
the early crork is  formed wheo the exposure t o  chlorine is limited. More 
elaborate pzeoauzions are required t o  obtsil? derdr i t ic  deposiC,s the greater 
tfie chlorine svolutior? ra te ,  i .e . ,  the greater the curreat passed through the 
ce l l .  
and cathode were immersed in a single pot provided with a verited cover, a 
dendritic deposit could be obtairzed a t  a current of 12 amps i f  the c e l l  cover 
was completely removed but not i f  the cover was l e f t  on the c e l l .  The deposit 
i n  the l a t t e r  case was smoother and much more adherent. Similarly, at  20 
ecnps, a smooth adherect deposit was obtained even vi th  the c e l l  cover of f .  
Eowver, if the anode was provided with a shroud tube and a helium sparge 
was supplied a t  the tsottom of th i s  tube t o  expel chlorine, a dendritic deposit 
was optaineC at 2C amps. 

Farther studies have verified that  an impor- 

For example, in a very simple apparatus in which both the graphite anode 

The uranium(VI) content of U02 deposits formed i n  various ways has been de- 
termined by dissolving the  samples i n  85 percent phosphoric acid under anaerobic 
conditions, spiking the solution into d i lu t e  sulflp-ic acid and performing a W 

1 2 5 2 1 b 2  DECL4 



c-16 

controlled potential  coulometric t i t r a t i o n .  It should be noted that  there i s  
some hazard associated in extrapolating the uranim(VI)/uranium( IV) r a t i o  t o  
an oxygen/uranium r a t i o  for samples of U02 such as the Salt-Cycle product, 
where there is  a possibi l i ty  of included uranyl sa l t s .  
of chloride content on such Salt-Cycle samples indicate that the re la t ive  con- 
t r ibut ion of salts auch as V0$i2 t o  the t o t a l  measured uranium(~~) content 
must be cpite low. Accordingly, uranium(VI)/uranium(IV) ra t ios  so measured 
axe recomputed and reported as oxygen/uranium ra t ios .  
the electrolyt ic  deposition have resulted in U02 products in which the oxygen/ 
uranium r a t i o  varied from ca. 2.005 t o  as high as 2.18. 
so clear-cut as t o  a l l o w  aI: unqualified conclusion as t o  conditions which w i l l  
result in a high or a low oxygen/uranium ra t io .  
suggestion that relatively higher oxygen/uraaium ra t ios  may 5e associated with 
dendritic deposits than with smooth adherent deposits. Leachiog studies with 
d i lu te  sulfur ic  acid have shorn tha t  the uranium!VI) i n  these samples i s  only 
slowly and incompletely dissolved, suggestiag that the higher oxygen content 
is  not a resu l t  of mere surface oxidation cf U02 deposits. 

Among the ucattraztive aspects of employing graphite as the electrode material 
in generating e lec t ro ly t ic  TJ02 i s  the demonstrated tendeccy for accumulation of 
carbon t o  a concentration of as high as 1500 ppn iI: the recovered U02. Accord- 
ingly, some work has been done i r ?  a search fo r  a suitable cathode material. 
Hastelloy B and C appear of doubtful value because of excessive corrosion and 
resultant contamination of the  melt. P l a t i m  cathodes appeared usable i n  
small-scale experiments, and platinum and coble metal alloys will be further 

However, measurements 

Varying conditions i n  

The trends are  not 

However, there is  some 

- tested for use i n  future work. 

Small-scale experimeats seeking t o  further define the effects  of deposition 
variables on the character of the UO 
sf interaction of the UO deposit wifh chlcrine in determining the crystal  
habit 3f the U%. When &e anode was housed i n  a shroud tube closed a t  the 
5ottam by a quartz frit acd access of chlGrine t o  the cathode thereby limited, 
the resul ts  essent ia l ly  conf'Lrmed those previousiy mentioned, i n  that  the UOg 
deposits were dendritic ar?d relat ively nonadherent. However, the deposition 
ceased a f t e r  a short t i m e .  Rapid ccnversion of uranyl t o  soluble uranium(1V) 
species occurred during the attempted deposition, ard cessation of the deposi- 
t i on  i s ,  therefore, tentat ively a t t r i h t e d  t o  rapid deple t im 3f uranyl via 
the Cepositior, reaction and the following side reaction, which i s  known t o  
occ'u a t  graphite anodes : 

produced further confirm the importance 

U O $ ~  - + c + C12 U C l 4  + C02 

When the same c e l l  was used but the amde compartment was f i l l e d  w i t h  U Og 

suspended UqO8 powder ( t o  yield soluble uranyl species) and the deposition could 
be continued for substantial  periods. 
der,dritic i n  character and poorly adherezt. 
deposits abtained at  6 and 12 amps/sq-h. 
amps/sq-dm, however, the deposits were brown i n  color, f ine,  and adhered very 
poorly t o  the graphite electrode. 
that  hiqher current densit ies produced powders havicg a somewhat lover oxygen/ 
Uranium ra t io ,  less  than 2.01 for  current demi t i e s  greater thag 12 amps/sq-dm, 
r i c e  2.015 a t  6 amps/sq-dm. 

powder, the chlorine generazed a t  the aaode was cocsumed by reaction w i  z h the 

The deposit i n  t h i s  case was likewise 
Tkere was l i t t l e  difference i n  

A t  current densit ies of 15 t o  20 

In t h i s  work there was some indication 
L/ 
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f 
W Since uranium(XV) appears t o  5e zather potent reductant i n  the molten NaC1-KC1 

eutectic,  an experiment was performed t o  determine the f eas ik i l i t y  of removing 
"excess" oxygen frum 
uranium(1V). 
was reduced from 2.020 t o  2.011 i n  a three-hour exposure, although some reduc- 
t l c n  i5 part ic le  s ize  likewise occurred. 

U02 by exposwe t c  molten NaCl-KC1 eutectic containing 
The resu l t s  obtaised were scmrewhat encouraging i n  that this r a t i o  

Determination of Oxygefi/Uranium Ratio i n  UO,. 
r a t i o  (more  properly uranium V I  content) an a substantial  number of samples 
of raryix history indicate ;ha: tor  samples having oxygen/uranium ra t ios  near 
2.01, the controlled potential  coulometric t i t r a t i o n  is  good t G  f 0.0003 i n  
the r a t io .  
appears good t o  f O.OOO6 in the r a t io .  
pract ical  purposes these precisions are sanewhat poorer than customary for 
the controlled potential  coulometric t i t r a t i o n  metkod. 
telieved t o  stem from oxidation t o  a somewfiat nomeproducible extent occur- 
r i cg  when the solid sample is  powdered before dissolviag. 
b i l i t y  has consistently been obtained with samples &ich required l i t t l e  or 
no gowdering prior t o  dissolution. Thus, it is probable that the reproduci- 
b i l i t y  of this  determination cannot be fur+&er improverl except by using 
tedious "dry box" techniques for preparing the samples, or adopting a partial 
dissolution apwoach which avoids the necessity for  powdering samples prior 
t o  dissolution. 

Measurements of oxygen/uranium 

With samples having oxygen/ura?lium ratics near 2.1 the met,hod 
Although probably good enough fo r  

The problem i s  

The best reproduci- 

Recrystallization of G02. 
t ro ly t i ca l ly  produced U02 was eqvAilibrated for f ive  hours with a NaCl-KCl 
eutectic melt containing i n i t i a l l y  about 5.9 wei@t percent uranium as UOgC$. 
A material balance after th i s  equilibration showed that about 46 percent of 
the uraaium i n i t i a l l y  present as uranyl chloride had precipitated as U02, 
presumably via the thermal decomposition reactfoL 

The + 60, - 32 mesh fraction of a sample of elec- 

4 

UO2C12 e UO2 + Clg 

The f i n a l  sol id  phase (U02) had gained 85 percent i n  weight and the relat ive 
proportion of fines had increased. 
fraction (which amouted t o  about 60 percent of the i n i t i a l  charge) had 
undergone a marked change i n  c rys ta l  habit. The material charged was a 
typical  dendritic deposit, each par t ic le  coasisting of an agglomerate of a 
multiplicity of cubes. 
t h i s  digestion was composed mainly of f l a t  plates each one f a i r l y  large i n  
two  dimensions and each one presumably representing a single crystal .  

Thus, it appears that U02 has a f i n i t e  so lubi l i ty  in the NaC1-KC1 melt and 
tha t  a tendency ex is t s  for U02 t o  crystal l ize  i n  a preferred orientation 
which leads t o  formation of plate-l ike crystals i n  the foregoing experiment. 
This tendency is  apparently effect ively thwarted when U02 is  formed by 
electrolyt ic  depOSitiOE. 

Further, the residual + 60, - 32 mesh 

The coarse f ract ion of the recovered powder following 

Not only does th i s  observation open roan for  speculation as t o  the importance 
of post-deposition interactions i n  determining the nature of U02 deposits 
made electrolyt ical ly ,  it also suggests that a l te r ing  the shapes and s izes  
of UOg part ic les  may be possible by "agiog" treatments. 

- 
< :  . ' ,' . . , -  
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Determination of Chloride i n  UO,. 
determination of chloride i n  U02. 
ter t o  measure the l igh t  scattered by a suspended s i lver  chloride precipi ta te .  
Conditions which gave the best resu l t s  entailed forming the precipitate at 
roam temperature by addition of re la t ively concentrated s i lver  nitrate (e .g., 
0.5 m l  of 1.0 M rather than 5 ml of 0.01 M), t o  a solution containing about 
eight percent &hanol. The l igh t -sca t te r rw a b i l i t y  of the precipitate tends 
t o  increase with time up t o  about 50 minutes but measurements made af te r  t h i s  
time proved quite reproducible. 
after formation by addition of a very small amount of a detergent ("Tide" was 
used i n  this  instance). 

A satisfactory method has been developed for  
This-method depends on use of a microphotome- 

The suspensions can be stabilized immediately 

'Ibis method has praven quite reproducible for  measurement of chloride i n  a 
wide vaxiety of e lectrolyt ical ly  produced UO samples. Duplicate analyses 
on the  same solution of U02 showed,in three H nstances, deviations from the 
mean of only f 1.2, f 1.2, and f l . l  percent. 
dissolutions of U02 samples i n  the same s i z e  range showed an average devia- 
t ion  of 5 7 percent. 

Duplicate and t r ip l i ca t e  

However, the measured chloride contents show no systematic correlation t o  
other properties of the U% For example, the measured chloride contents 
of the +loo, - 20 mesb fract ion of U02 powders were respectively 175, 140, 
163, and 179 ppm for' powders which showed oxygen/uranium ra t ios  of 2.15, 
2.08, 2.03, and 2.01. Chloride contents of the + 20 mesh fraction of the 
same powders were, i n  the same order, 68, 130, 91, and 96 ppm. 
which ranged i n  par t ic le  density from 10.58 t o  10.80 and i q  surface area 
frm less than 0.01 t o  0.18 gram/sq-m showed chloride coxtents varying i n  
random fashion fram 25 t o  128 ppm. 

Powders 

Plutonium Behavior i n  Sal t  -Cycle Process. 
t o  U308) can be dissolved with dried HC1-C12 gas t o  yield a molten salt solu- 
t i on  from which the plutonium i s  only ineff ic ient ly  deposited. - ca.  0.1 percent powdered graphite t o  the melt before the last hour of disso- 
lution f a c i l i t a t e s  formation cf d l f f i c u w  deposited plutonium species. Use 
of this dissolving technique ( t o  prepare a scrlutian nontaining uranium and 
plutonium i n  3OO/l r a t io )  and then sparging the melt with dried H C 1  gas 
before in i t i a t ing  electrolysis  has enabled as much as 39 percent of the 
urar;ium t o  be deposited with m l y  0.3 percer,t of the pluton'ium carrying with 
the uranium. 
coctent of the m e l t  and t h i s  is believed t o  be the key prohlem i n  avoiding 
codeposition of plutonium with UOg. 

Per contra, codeposition of plutonium with U02 is  favored i f  oxygen is  
present. Thus, following the above experiment, the m e l t  was sparged-with 
a i r  and further deposition carried out with an air sweep across the top of 
the m e l t .  Under t h i s  condition, plutonium :odeposited with U02 and the 
recovered U02 i n  the second deposition was enriched i n  plutonium t o  the 
extent of an enrichment r a t i o  of 1.4. 

Mixed crys ta l  UO2-PUO2 (roasted 

Addition of 

These are all measures d e s i a e d  t o  l i m i t  the water and oxygen 

Thus, it appears that  %e potential  exis ts  for alteri3zg the uranium/ 
plutonium r a t i o  i n  U02 recovered from irradiated U02 over a wide range by 
simply cantrolling the condi+,ions under which the electrodeposition i s  made. 
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e Stabi l i ty  of Uracyl Chlcride i o  MaC1-Kc1. In further studies of the s t ab i l i t y  
of uranyl chloride i n  NaC1-KC1 eutectic at  elevated temDeratures, it was 
fourid that both uracium dioxide and uranium(N) could bi identified when the 
reactioL mixture was dissolved i n  4 M H2SC&. 
arid higher temperatures, the aanouzt zf UO2 re la t ive  t o  uranium(IV) increased. 
Thus, the  simple decmpositior! 3f urazyl chloride appears t o  be more important 
than the postulated reaction t o  produce UO2, UClL and 02. It is s t i l l  highly 
pmbable that  the l a t t e r  reaction oczurs, but to'what extent i s  not known. 

With increasing reaction time 

Materials of Cmstruction for  Salt-Cycle Process. V a r i m s  oonmetallic 
materials w e  being +,estea f a r  passible use io sonstrcction materials for  
the Salt-Cycle process. I n i t i a l  screening tests are  being emducted in  a 
50 mol percent sodium chlcrlde - 50 mol percent pQtassium chloride Sath at  
80@ C . After ten days, there was ao appreciable change in  the weight of a 
Norton A-402 alumina crucible a Morgan Ref'ractories xfi-20 recrystall ized 
aluroina xuc ib l e ,  or a Morgm Refractmies XN-100 Crucible. A sample of 
AJT 82 high density carbon produced by National Carbon Company exhibited no 
dimensimal zhange a e e r  beiag t a t a l l y  immersed i n  the same Sath for  ten  
days. 

A one-icch 0.3. by 1/2-inch I . D .  rod of Coors high decsity alumina was 
heated t o  800 C,  allowed t o  cool rapidly ic air, then reinserted i n  the 
furmce. After several cycles the rod was not noticeably affected. 

Processing Al-Pu-Si-Ni Alloy 

It was reported previously tha t  the Ai-Pu-Si-Ni a l loy fue l  currently being 
prepared f w  the PRTR dissolves rapidly i n  Eg(N03)3 - HN03 solutions of low 
(1-3. j 5) acid concentration, but slowly at higher acid cwcentration. 
Off-gas analyses show that hydrogeri evolution i s  negligible during slow 
dissohitior,, but atout 0.3 mole-per-mole of aluminlrm dissolved during rapid 
dissolution. 
pared cy m y  of rapid dissolution of the alloy, formed stable emulsions when 
contacted with hexone. 
solutions t o  overcome emulsion formation were not successful. Emulsion for-  
-tion did ?lot occur when Mistron-25 was added t o  the feed solutions i n  
conce2trations of 100-150 plpa. However, io te r fac ia l  scums were formed. The 
effects of these on plutonium loss w i l l  he investigated. 

u 

It was also reported that Redox process feed solutions, pre- 

Attempts t o  apply the ICCP gelat in  treatment t o  these 

Data QbtaiDed t o  date on the loss of plutonium from the core t o  the Zirflex 
decladding solution are not adequate for quantitative estimates. 
at tack on the ca-e is  increased by increased pH and f ree  fluoride csncentra- 
t ion  and by t-he presence of mercuric n i t r a t e  (possibly present due t o  incorn- 
plete  removal of core dissolvent) . 

Qualitatively, 

Continuous Ion E x c h w  Contactor Development ~ - 9 l e r  Contactor 

- The quantity G f  scrub ar id  required as s l i p  water has been substantially re- 
dsced through addition of a separator i n  the air l i f t  res in  recycle l ine .  
The res in  slurry issuing from the a i r  lift passes through a nozzle into a 
screened vacuum l ine  which remmes the small quantity of "excess water'' that 
reaches this  point. 
be less than 15 percent by volume of the res in  and is  recycled t o  the top Of 

u The remainirsg acid that wets the res in  i s  estimqted t o  

the apparatus where it i s  removed i n  the  product stream. 
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Raisix the leve l  of the  raff inate  take-off l i ne  appears t o  be a rel iable  
meaas for  preventing the downflow of eluant from the s t r i p  column t o  the 
extraction columu. 
'C" and "A" columns can, on the other hand, keep the raff inate  from gett ing 
into the "C" column above. 
barium n i t r a t e  tracer i n  the  feed (not absorbed on the  anion r e s in ) .  A t  a 
feed rate of more than one l i t e r  per minute (180 gal/hr-sq ft) and an eluant 
flow of more than 100 mls/min, no barium was detected i n  the  product stream. 

An appropriate d e a i s  of the intermediate section between 

This was demonstrated i n  a 2.5-hour run using 

Two significant "flowsheet" rim using thorium n i t r a t e  feeds have been 
completed since the changes described above were made. 

The first m at a feed rate of 500 ml/min appeared t o  have reached steady 
state with sat isfactory thorium removal, v i z . ,  97.7 percent. However, the 
two.-faot-long s t r i p  columrr is apparently too short t o  effect  the desired 
strippinq. 
great and fluctuating recoveries of 20-90 percent occurred. 

The feed rate, 900 ml/min, i n  the second run apparently was too 

RADIOACTIVE RESIDUE PROCESSING D E v E L O m  

Radiant Heat Spay Calcination 

Ten runs were made during the month i n  the demonstration spray calciner.  
Two types of waste not previously tried, Darex waste and Purex coating waste, 
were successfully calcined. - evolution of noncondensable off-gases from high-sulfate Purex calcines, on 
equipment changes t o  minimize back-mixing i n  the nozzle region, and on 
gasketing materials for  ceramic f i l t e r  service. 

Studies were also made on post-calcination 

Darex w a s t e  ( 2 . 9  M HlBO , 0.68 M Fe, 0.12 M Al, 0.16 M C r ,  0.075 M Ni) was 
calained both " a s ~ r e c e ~ v e d "  ana' a f t e r  neuEralizing d % h  ammania. 
was very smooth in both cases, and hold-up on the walls of the column was 
negligible. Feeding and atomizing the neutralized waste were riot problems 
despite the presence of a thick slurry.  
for  the acidic Darex waste and 1.3 g/- ne for  the neutralized material. 

- 
Operation 

Density of the product was 0.81 g/cc 

-ex coating waste (209 gal/TU) was mixed with 1 W W  (37 gal/TU) and calcined 
with addition of 125 grams sugar per l i t e r .  The product was a f ine white 
powder with a density of 0.65 g/cc. 
acid t o  t h i s  material followed by heating t o  850 C produced a clear amber 
glass (density 2.3 g/cc) similar t o  that obtaiced f m m  TBP-25 waste. 
af the glassy product i s  about 3.8 cu f t / ton,  equivalerrt t o  an over-all 
volume reduction factor of 8.6. Cost of reagents (boric acid aDd sugar) is  
about $lg/ton. Attempt t o  calcise coating waste withmt admixture with 1WW 
was less successful due t o  the low bulk derisities and deliquescence of the 
products. 

Addition of 40 weight percent boric 

Volume 

Labaratmy studies were in i t i a t ed  t o  determice the volume of noccondensable 
gases which might be evolved frm calcined wastes d w i n g  storage. 
calcined powders, fran high-sulfate lWW, were heated i n  a tube furnace t o  
850 C arid the off-gases, mostly S02, ccllected and measured. 
off-gas vas as great as 30 l i t e rs /kg  and imply that  it i s  not safe t o  assume 
that wastes calcined i n  continuous-type calciners can be safely stored unvented 

Samples of 

Volume of 
W 
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u 
and allowed t o  self-heat t o  850 C simply because they have been subjected t o  
t h i s  temperature during calcination. 

Iaduced back mixing i n  tke nozzle region of the spray calciner has been a 
troublesome problem and i s  believed responsible for  much of the observed 
bulla-up of solids on the walls. A luc i te  model has been constructed t o  
allow study of t h i s  phexmena, and tes t ing  of methods for  i t s  alleviation 
by recycle of a portion of the gas from a point f'urther down the column. 
Prelimixxry resu l t s ,  using a permanganate colored spray, indicate that  
the model will be a useful too l  and that the recycle idea has merit. 

Sa-reral materials have 3eeo tested for  gasketing the ceramic f i l t e r  uni ts .  
Vito2-A was unsatisfactory. 
hours at 260 C .  Durabla, an asbestcs-based gasket material, remained soft 
acd f lexible  at  400 C .  
leak t e s t  and i s  probably sat isfactory for  the project service. 

Glass-filled tetrafluoroethylene flowed i n  two 

It changed color a t  450 C but s t i l l  passed an a i r  

A paper, Continmus Cakinat ioc of Aqueous Radioactive Waste Solutions by 
Radiant-Heat Calcination, by R. T .  Allemann and B. M. Johnson, was pre- 
pared for  presentation a t  the Nuclear Congress i n  New York, Apri l  6, and 
was released locally as Hanford Report EW-63822. 

Mineral Reactions 

The radiostroritium i n  boiling tank condensate wastes was removed from solu- 
t ion  by a 22 cm column of clinop i l o l i t e  with a D.F. of about 10-100, 
compared t o  the D.F. of lo3 - 10 achieved for  radiocesium. Increasing the 
le-h of the columi produced no additional strontium removal. 
it was found that some radiostrontium was removed by passing the solution 
through a bed of activated carbon while none of the radiocesium was thus 
removed. These resu l t s  indicate tha t  part of the strontium i s  associated 
w i t h  the organic material dispersed as a colloid i n  the condensate. This 
strontium is i n  nonionic form and can be removed from the  solution only by 
f i l t r a t i o n  of the organic phase. 

t e 

In  addition, 

, 

The effect  of c l inopt i lo l i te  grain s ize  on cesium adsorption was measured 
at several column flow ra t e s .  
t i l o l i t e  p a i n  sizes of 0.15 - 0.25 mm, 0.42-0.52 mm, 0.84 - 1.0 m, and 
1.2 - 1.4 mn:. 
pressure drop across these beds, but a considerable loss of bed capacity 
for  cesium adsorption was evident for  these cases. 
pronmnced a t  high flow ra t e s .  

The equilibrium dis t r ibut ion coefficient for  cesium between a 0.01 M C s C l  
solution and c l inopt i lo l i te  was determined t o  be 1.60 at 24.5 C.  
coefficient was measured usin 

measurable change i n  the dis t r ibut ion coefficient was found for  these 
i r radiat ion levels .  

The measuremeats were performed for  clinop- 

The larger grain sizes are desirable because of the low 

This effect  i s  most 

6 e  same 
c l inopt i lo l i te  samples that had b en sub- 

jected t o  i r radiat ion by a Cob source up t o  dosages of 2 . 9  x 10 8 R .  NO 

Condensate Streams 

The aqueous phase of the Purex Tank Farm condensate was sampled and 
analyzed weekly for several months. 

W 

A number of f i s s ion  product isotopes 
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were found t o  be present in concentrations that remained relat ively constant. 
The major nonradioactive constituent present was tri-n-butyl phosphate i n  
concentrations vsrying from 30 t o  190 %/liter. 

u 

The first scouting run in the 271-CR Building Micro Pi lot  P lan t  t reat ing this  
waste was completed. The mineral bed, through which the waste was passed down- 
ward, had a c l inopt i lo l i te  par t ic le  size of 0.6 t o  1.7 m, a bed height of 18.4 
inches and a bed diameter of one inch. 
rate of 1.9 -/cu ft cesium was removed with a D.F. of 330 and strontium with 
a D.B. of 2.3. 
rate of 1 . 3  gpiu/cu ft increased the cesium D.F. t o  1200 and strontium D.F. t o  
8.5. 
the influent.  
not removed by the bed (D.F. less than 2 i n  a l l  cases). 

A t  a temperature of 16 C and a flow 

Increasing the temyerature t o  22 C and decreasing the flow 

The TBP concentration in the effluent was essent ia l ly  the same as i n  
Zirconium, niobium, ruthenium, and cerium radioisotopes were 

Plutonium Recycle Test Reactor 

Work was conpleted on the large mea sc in t i l l a t i on  counter designed for  
measuring fuel rod low l eve l  uranium contamination. The instrument was 
demonstrated on seversl  suspect fuel rods. 
were recorded for  several rods examined with two rods showing significantly 
greater alpha par t ic le  emissions (assumed t o  be from uranium) than the others. 
The two rods showing well above average were also the two  identified ear l ie r  
using spot checks with nuclear track film. 
pared, gW-64273, "PElTR Fuel Rod Surf ace Contaminat ion Measurements. 

Above-background measurements 

A report of t h i s  work was pre- 

u BIOLOGY AloD MEDICINE - 6000 PROGRAM 

Geology and Hydrology 

Sanples of basalt and interbeds between basalt flows were examined by 
X-ray diffraction t o  search for significant mineralogical differences. The 
technique will be used t o  attempt ident i f icat ion of basalt flows exposed a t  
different locations. 
between locations. 

Considerable data will be needed t o  permit correlation 

A study of the  ground water flow pattern near and beneath points of ground 
water recharge (mounds) was continued. 
evaluation of the ab i l i t y  of mounds t o  divert  the movement of ground water 
and also t o  estimate the i r  influence on monitoring resul ts  from wells. 
numerical analysis technique was used t o  develop the flow pattern i n  the 
vicini ty  of such a recharge point. 
form with the pattern of flow l ines  observed i n  a laboratory model. This 
agreement tends t o  confirm the va l id i ty  of the techniques and assumptions 
used i n  the  numerical derivation. 

The study i s  intended t o  permit 

A 

The resul t ing pattern appeared t o  con- 

u 

TO assist with evaluation of well sampling data, expressions were developed 
which estimate the ver t ica l  veloci t ies  produced i n  a completely gerforated 
w e l l  as a resu l t  of i n i t i a l  small head differences between confined zones 
i n  an undisturbed aquifer. 
ment of about seven ft/day for  an i n i t i a l  head difference of about 0.12 
foot of water. 
ground water monitoring data obtained from such a w e l l .  

A typical  s i tuat ion would give a ver t ica l  rnove- 

Movement of this  magnitude could seriously d i s t o r t  the 
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A laboratory model was constructed for studying the influence of solution 
deslsity on the movement of wastes in ground water. 
the model are encouraging and indicate the possibility of obtaining flow 
data for density effects ic the specific gravity range from 1.0 to 1.2. 
The model will ultimately incorporate radioactive tracers to permit quanti- 
tative evaluatioz of the flow pattern. 

u 
Treliminary tests with 

Soil Chemistry and Geochemistry 

A mineral reaction was studied whereby gypsum (CaSO4. 
barium sulfate when solutions of BaC12 are passed 

is converted tOz 
a bed of th'e mineral. 

It was found that cesium is removed from solution by the reaction. 
removal probably reflects the similarity in size between Cs+ and Ba*. The 
innor?oration of Cs+ in the resulting Bas04 mineral is apparently permitted 
by some compensation of charge by acioric substitution. 
ap3ears to be ucaffected by the presence of gross concentrations of sodium. 

The 

Cesium removal 

Preliminary data were obtaiaed from which the diffusion coefficient for 
cesium in clinoptilolite could be estimated. 
temperature, and sodium concentration codirmed +,hose previously determined 
ic column studies. Diffusion coefficients were measured for 0.2 M C s C l  
systems at pH 7. Measuremerts were made for clinoptilolite grainsizes 
0.42-0.50 m'and O.&-1.0 mm, for 25 C and 60 C temperatures, and for sys- 
tems coataining no sodium and 1.0 M sodium. 
coefficients under these condition; ranged from (1.7-4.8) x lo-' /sec-sq cm. 
This may be compared with reported diffusion coefficients for organic 
exchange resias of (1 to 2) x 

Laboratory experiments w i t h  oxalate-free solutions of Zr95-IVb95 were per- 
formed to study the behavior of this material in soils. Trace concentra- 
tions of Zr-Nb were found to centrifuge in part from aqueous solutions in 
the pH range 2 to 10. 
affected by the pH. The greatest removal by centrifugation was found at 
pH 6.5, &re 80 percent of the radionuclides were removed from solution 
by centrifuging at 1600 g. 
cent of the Zr-Nb could be removed by a 100 mu pore membrane filter. 
Below a pH of about 2 and above a pH of about 12 the radionuclides appeared 
to be mainly ionic and passed through the filter. 
soil was essentially unaffected by phosphate ion but adsorption by calcareous 
soils was strongly inhibited in the lower pH range by the presence of 
citrate ion. 

The effects of grain size, 

The measured diffu ion 

/ sec-sq cm. V 

The fraction removed by centrtfugation was markedly 

In the pH range from 6 to 10 more than 95 per- 

The removal of Zr-Nb on 

Ground Waste Investigations 

Three s o i l  columns operating under uneaturated f low conditions were appar- 
en+,ly perfonaing satisfactorily. The Interpretation of data obtained f r o m  
unsaturated flow experiments is uncertain because to date these columns 
have not operated consistently enough to approach cdmplete breakthrough. 
Improvements in research technique give prcmlse of more reliable experi- 
mental results. The electrical conductivity of the soil was tested as a 
measure of the degree of moisture saturation io these unsaturated soil 
columns. 
of the soil betweec. two electrodes in a s o i l  column. The resistance measure- 

u A conductivity meter was used to measure the electrical resistance 

ments were calibrated against gravimetric determinations o 
content. 
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W FiED 
Radiostrontium (Sre5) apparently reached a mgxlmum ground water concentration 
of 10 percent of the influent value i n  two wells near the Gable Mouptain 
experimental c r ib .  
for  these two monitoring wells appear t o  cross at the 50 percent breakthrough 
point, representing an influent volume of about 2800 gallons. 

Normalized breakthrough curves prepared from sample data 

Field Apparatus Developnent 

A gamma-ray sc in t i l l a t i on  detector was designed for improved monitoring of 
wslls below the ground water tAble. Improvemnts should permit greater 
sensi t ivi ty ,  increased strength i n  the detector head support cable, and 
greater ease of handling. 
wastes in ground water should permit more rapid and economical identification 
of waste movement. 

In  s i t u  gross gamma measurement of radioactive 

Another s c in t i l l a t i on  probe and collimator were designed for  use i n  tracing 
gemma emitters i n  laboratory f lu id  flow models. 
direction and r a t e  of f l o w  should be more readily measured using the detector. 

Parameters determining 

A single-unit w e l l  water depth sample was tested i n  nineteen project wells 
a t  depths of 40 t o  550 fee t  below the water surface. 
proved the sampler t o  be useful and trouble free. 
l e s s  than 100 feet the sample bot t le  is  evacuated before use. 
the bot t le  t o  f i l l  when the i n l e t  solenoid valve is  opened. 
greater depths, evacuation i s  not necessary. 
ordered fabricated; these w i l l  be used i n  tandem and thus permit rapid 
sampling a t  pre-determined depths. 
provide data on s t r a t i f i ca t ion  of wastes due t o  density differences, changing 
ground water velocity with depth, or other factors.  

These extensive tests 

This permits 
For depths of submergence 

For use at 
Seven additional uni ts  were u 

Samples taken at  several depths w i l l  

The samplings i n  the nineteen wells emphasized the generally poor condition 
of many wells. 
in others. 

Sand has nearly f i l l ed  some; debris and slimes are present 
Well renovation is  badly needed. 

Mlcr omer it i c  s 

Wall deposition was determined for  3Ou diameter glass beads carried i n  an 
air stream thrau'gh a one-inch-diemeter aluminum pipe. 
deposition occurs for f low rates i n  the laminar flow region, whereas a t  a 
Reynolds number of 2O,OOO, the deposition velocity i s  22 f t / sec .  A t  
veloci t ies  greater than 11 ft/sec, re-entrainment i s  significant,  much more 
SO than for  x>u crystal l ine ZnS part ic les .  
par t ic les  is  an important factor i n  re-entrainment. 

Extremely l i t t l e  

This suggests that shape of 

Equations were derived which express the length of a horizontal duct i n  
which one-half the gar t ic les  entering wll lbe deposited i n  laminar flow. 
Variables are average 'fluid velocity, duct radius, and par t ic le  se t t l ing  
velocity.  
pipe, one-half of the 4u part ic les  of density 4.7 will deposit i n  about 
25 f ee t .  

As calculated a t  a flow rate of one cfm i n  a one-inch-diameter 

u 
The val idi ty  of turbulent deposition constants determined i n  the  laboratory, 
and the calculation of sampling l i ne  deposition were tested using a 
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horizoatal, 72-ft piDe simulating a aainpliag lice. Preliminary data for a 
flow rate of 8 cfm showed that. af the particles introduced, only 34 weight 
percent Tassed througt the pipe. Calculations showed that about 26 weight 
2ercezt should have passed through if turbulent depasition were the control- 
ling mezhaLism. Tke agreement is considered satisfactary. 

u 

The results of these studies continue to emphasize the importance of short 
delivery lines in particle smnpling. 

Ar;alytical Procedure for Strontium-90 in Milk 

An ion exchacge separetion procedure was developed for remving metabolized 
strontium-90 from sheeF mills. 
acid cation exchange resin fro= rdlk buffered to a pH of 5.6 with acetic acid 
and ammonium aceta+&. 
The strontium and calcium were eluted from the columri with 3 IT nitric acid and 
separated utilizing, the differecce in solubilities of the nit%te ic concentrated 
nitric acid. 

Quactitatlve remval was obtained on a strong 

Calcium is also quantitatively retained on the resin. 

Studies on Erioglaucine 

In continuing studies of the effect of chemical structure on the free radical 
scavenging ability of erioglaucine, it w(18 found that the sulfonate group at 
the ortho position strongly shields the central carbon atom from attack. For 
example, the reaction rste constant for attack by hydroxide ion on erioglaucine 
is only about 0.01 that for an analogous dye which does not contain this ortho- 
substituent. 
systems under various conditions, measurements of the protolysis and hydrolysis 
rate constants are being made. 
since commercial erioglaucine contains somc quantities of other materials purifica- 
tion by treatment with Norit A charcoal and two recrystallizations from ethanol 
were found necessary. The product was judged to be pure since it gave one well- 
defined paper electrophoretic band instead of the many observed before purification. 

- In order to determine the species of erioglaucine present in aqueous 

V e r y  pure erioglaucine is needed for this and 

Detection of Phosphorescent Particles 

Automatic coucting instrumentaticc for Zns phosphorescence was set up and satis- 
factorily tested for appllcatioc to the detemlmtion of ZnS particles on membrane 
filters. 
Atmospheric P5ysics Operetion application. 

A de+;ectioc limit of lo-’, ZnS was obtained which is satisfactory for the 

Chemical Research and Development 

LP supp:pc 
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BIOLOGY OPERATIOh 

e A .  ORGAXIZATION AND PERSOl3EL 

Jo'm F. Herring was promoted t o  a Chemist I1 i n  the Biological Analyses OFeration. 
Dr. Harold X. dzuik joined the Pharmacology Operation. 

B. TXXNICAL ACTTfITIES 

BIOLOGICAL MONITORING 

Radioiodine Contamination 

Concentrations of 1131 i n  the thyroid glanas of jack rabbi t s  were approximately 
three-f i f ths  those observed one year ago. Values folluw: 

Location 
pc/g Wet w t .  

Aver age Maximum 

Frosser Barricade 5 10-4 6 x 10-4 

Ibhhluke Slope 
4 M i  SW Redox 3 10-4 3 x 10-4 

2 x 10-4 2 10-4 

Trend 
Factor 

- 2  
- 3  
- 5  

Columbia River Contamination 

Concentrations of gross beta exitters i n  Columbia River organisms col lected a t  
Hanford were about the same as one year ago. u Values follow: 

Location 
pc/g Wet W t .  

Average MaXimum 

Hanford minnows ( e n t i r e )  9 10-4 1 10-3 

salmon (en t i re )  3 10-4 3 10-4 
Hanford juvenile chinook 

Trend 
Factor 

- 3* 

- 
.K Values are compared Kith those obtained in December 1959. 

Fallout Contamination 

Fission prcducts in rabbi ts  from Hanf'ord Reservation i n  t h e  following amants:  

Sample Type 
pc/g Wet Materials 

Average 

Bone 
Muscle 
Feces 
Liver 

9 10-5 
3 x 10-5 
2 10-5 
1 x 10-5 

Trend 
Factor - 

+ 5  
+ 6  
+ 2  
+ . 3  

UNCLASSIFIED 
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d Effect of Reactor Effluent on Acpatic Organisms 

Routhe monitoring or eff luent  from the 100 KE reactor was interrupted prematurely in  
the middle of the month as consequence of fa i lure  of the r ive r  water surplyo A t  t h i s  
time, mortality of yuung fingerling salmon held in concentrations of  reactor effluent 
characterist ic of those now existing in the Columbia River and anticipated f o r  the  
future amounted to about 2% compared with a mortality among the controls o f  j u s t  
under l$. 
than the  controls, ouing to s l igh t ly  warmer temperatures, careful analysis w i l l  be 
required in order t o  decide whether the s l i g h t l y  increased m o r t a l i t y  among the f i sh  
i n  the efi luent l o t s  is  mrtaningibl. 

The manner in which columnaris ce l l s  are cultured appears to modify their  abil i ty 
to k i l l  f ish.  
than c e l l s  cultured with a magnetic s t i r r e r ,  The nature of this development is 
extremely puzzling since in both cases aeration and agitation are  qui te  comparable. 
It may relate,  however, to  the observation that these organisms have flagellae. 
These f'lagellae m a y  be important f o r  virulence and one of these culture conditions . 
made repress flagellation. Presence of flagellae has, to our knowledge, not been 
previously reported fo r  this organism. 

Since the fish in the di lute  effluent water had developed more rapidly 

Cells cultured on a rotazy shaker appear t o  have a lower vFrulence 

A variety of fish caught-in the r iver  were examined fo r  the presence of columnaris 
organisms. To  date no columnaris has been obtained from any of  the samples tested. 

BIOIDW AND MEUICINE - 6000 PRCGRAM - METABOLISM, TOXICITY, AWD TFNSFER OF W I O A C T I V E  bIATSRIALS 

PhOsphOI'U3 

Cichlids which have been exposed t o  three levels of P32 in water f o r  about six 
months cclntinue t o  show an undesirably great variation in concentration of P'* 
between individuals. I n  Virtually every case, however, the concentration axceeds 
that of the experimental design a d  som spawning has occurreci a t  each level. 
The number o f  egg lots obtained thus far is insufficient f o r  any conclusion as 
t o  the presence or absence of radiation aamage. 

studies on a.65 transfer from ewes to their m i l k  and to their lambs were completed 
and data are being processed. 
finding of  a much higher uptake of Z n  63 in the cortex than in the medulla cf this 
organ 

Autorad'ographs of the kidney confirmed the previous 

Previous data appeared t o  show a strong ef fec t  of f o l i a r  exposure on the uptake 
of &6s. 
increase of Zn63 in plants sprayed as compared with plan s i r r i g a b d  by application 

i n  d i s t i l l ed  water. 
the amount of zn65 r e t a h e d  by the leaves as compared with water ccntaining no 
particulates. 

Labor tory experiments w i t h  bean plants indicate only a four-fold 

of the isotope solutioq,to the SOU. In  both cases9 Zn6 f was applied as a solution 
Traces o f  clay par t ic les  added to the d i s t i l l e d  water doubled 

UXCLASSIFIED 
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g our experience, it arpears tha t  a very strong efrect  of  f o l i a r  application - 'on Re-? Zn6 retention has been observed only i n  cases where a d i s t inc t  r o o t  mat w a s  
present, as  in pasture grass o r  lawn sod. 

Strontium 

Rainbow t r m t  wkich have been force fed S20-Y90 5 days a week a t  three different  
levels ( 5  x lo--' pc/g of f ish,  5 x l O - * ~ c / g  of f ish,  and 5 x lO-lpc/g of f ish)  have 
shown no significant dkferences in growth or  mortality a t  the end of one month. 
There i s  an inciication, however, that the growth r a t e  of some of the f i s h  receiving 
the highest level  of SrYO-90 is being depressed. The average sized f i sh  i n  the 
high level group i s  now receiving about 85 pc SrF0-Y90 each day Monday through 
Friday. 

Experiments t o  evaluate the r a t e  of uptake ami translocation in plants of Sr and Ca with 
respect t o  warter are presently underway. 
and tritium t o  trace ion movement. 
Long term build up may not direct ly  coincide. 

These experiments u t i l i z e  Sfis, Cabs, 
Preliminary resu l t s  suggest that s!iort and 

During the f irst  six months of l i f e ,  first generation offspring of the miniature swine 
on 25pc/aay of SrYo have shown a general depression in appearance and body weights 
as compared with the offspring of the controls, the 1 pc and the 5 )zc/day animals. 
A t  t h i s  time, however,9 there appears to be a sli&t tendency f o r  recovery. Bizarre 
white blood cel ls ,  tentat ively ident i f ied as large lymphocytes, have a lso  been 
observed in  some of the 25pc/day offspring. Further pathological and histological 
evidence is necessary before these changes can be assigned t o  radiation damage. 
dose-ef fec t  relationships are being evaluated, 

The - 
Iodine 

Lambs are being trained t o  nurse from the bot t le  in  preparation f o r  the comparative 
study on 1131 uptake f r o m  m i l k  label led in vivo or  i n  vitro.  -- -- 

- 
A new chelating agent obtained from Geigy Chemical Gompany, designated RA-Ul, 
was compared with DTPA Xor i ts  effectiveness in promoting the excretion of 
internally deposited PU i n  the rat .  
l e s s  than optinnun amounts were employed and resu l t s  a r e  therefore qui te  prelimmary. 
Uthough consistently less effective than DTPA in i ts  overall effect ,  RA-491 w a s  
more effective than DTPA i n  promoting excretion by the feces, both following 
intragastric ani intraperitoneal administrat ion. This suggests t ha t  the two 
chelating agents may be operating i n  a somewhat different  fashion and that a 
combination of the two might be more effective than e i ther  alone. 

h e  to the limited available supply of RA-491 

Two more miniature swine were u t i l i zed  in the study on the effect of tourniqyets 
on preventing the translocation of subcutaneously injected plutonium. 
animal on which a tourniquet was applied, the amount of  plutonium deposited in 
the l iver  w a s  one-eighth tha t  of  the control animal.. 
concentration of plutonium i n  the tourniqueted animal. w a s  l o E r  than tha t  of  the 
controls a t  15 minutes but a f t e r  one hour w a s  higher.than in the control 
animals, suggesting a flushing action a t  the time of tourniquet release. (On the 
next ser ies  of animals, special care w i l l  be taken to  ranove the en t i r e  injection 

In the 

It was noted that the blood 

.d 
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L/ site surgically before the tourniquet is released a d  loca l  bleeding has been allowed 

t o  take place.) 

Comparative T a x i c i t g  of  Ra2*4 h239 and S g o  

Three one-year-old miniature swine were injected with S,S0 t h i s  month. 
completes al1,groups in this experiment designed t o  test the comparative toxici ty  
Of Sr4', Ra2*0 an3 Pu239 in miniature swine o f  varying ages (6 weeks, 6 months, and 
1 year). 
shown an apparent initial reduction i n  the neutrophilic blood components as compared 
to  the controls. 

This 

After three months, the groups injected a t  weaning (6 weeks old) have 

Clinical data on the other groups have not been completed. 

Radioactive Par t ic les  

Two &gs were killed this month for  histology sections, 
post-exposure and another after 79 days post-exposure. 
consolidation and fibrosis. The tracheobronchial lymph 
consolidated. 

A t  16 weeks post-exposure, the lymphocyte values in the 

one a f t e r  64 days 
Lungs of both dogs showed 
nodes were also swollen and 

two groups of dogs that  had 
received the highest  doses of  plutonium decreased t o  about 20 per cent o f  the 
control values. 

Studies with inhaled phenolpthalein aerosols in r a t s  have indicated that more 
deposition occurs a t  slower ra tes  of breathing. 
kept constant, the amount deposited w a s  greater a t  60 respiratory cycles per 
minute (.26 mg/hr) than a+, 100 cycles per minute (&3 mg/'hr). 

Continued obsem t b n s  were made o f  f ive  maLe beagles exposed t o  a single acute 

determinations, fecal and urine excretion rates, anu the calculation of botiy 
burden f r o m  uog-counter data. 

i i t n  the depth of  respiration 

Y 

toxic dose of Pu 1 3 % ~  by the p is to l  metbd. Tois consists of hematological. 

Gastrointestinal Radiation Injury 

m e  experiment t o  study the effect  o f  chronic feeding of Y*O t o  r a t s  has now been 
unCerway f o r  about 450 days. 

microcuries of Y?O per day and 50 were maintained as controis with no y9" in 
t he i r  drinking water. 
the 0.1 microcurie group ami U f r o m  the control group have died o r  were 
sacrificed in a moribund. condition. 
availaole. No histolozical  confirmation has yct been obtained. It is 
interesting, however, t ha t  there appeared t o  be cancerous involvement of the 
gut in only one animal from each o f  the experimental groups. Evidence o f  
hemorrhage i n  the gut, tumors in the o r a l  region, and i n  the reproductive organs, 
were much more frequent observations. 

Over a period ~f 60 ays at  the beginning o f  the 
experiment, 50 r a t s  received 0.5 microcuries of Y 9b per cay; 50 received 0.1 

Forty-two animals rrom the 0.5 microcurie group, 24 from 

Only gross observations on pathology are 

Microbiological - Studies 

The apparent protection against growth depression from t r i t i um,  as afforded t o  
yeast ce l l s  by pre-irrauiation w i t h  X-rays, was reinvestigated. The previously 

W 
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reported resul ts  were calculated on the basis of viable c e l l  concentration. 
data indicate that  the t o t a l  c e l l  concentration is the determining factor in the 
combined effectiveness of tritium and X-rays. 
divide are nevertheless effective in modifying the radiation damage. 

Present 
u 

Apparently ce l l s  which are unable t o  

Effects o f  Radoactivity on Populations 

Cultures of grain;infesting noths, Ephestia, in media containing different con- 
centrations of Sray have not eclosed as scheduled. 
concentrations higher than 900pc/300 g conmeal; whereas, they are evident in 
lower dilutions. 
few pupae. 
matured. 

No progeny are found i n  

Although most of the progeny are  s t i l l  larvae, there are a 
Evaluation must therefore be deferred until the control cultures have 

Palatability experiments t o  feed Habrobracon Pu239 were developed. 
concentrations of Pu235' were fed to the wasps. 

Five different 
Fer t i l i ty ,  fecundity and longevity - _ _  - 

data are being collected. 

Attempts to feed successi'ully Zn C12 compounds are as yet not accomplished. 

Ew Kornberg:es 
L/ 

UNCLASSIFIED 
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C. Lectures 

a. Papers Presented at Meetings 

W. J. Bair, Q q o s i t i o n ,  retention, translocation, and excretion of 
radioactive par t ic les ,  
Iahaled P a r t i c l e s  and Tapours, Oxford, England, March 29-April 1, 1960. 

British Occupational Society Symposium on 

b. Off-Site Seminars 

L. K. Bustad, Vanford Biology," Puyallup Rotary Heeting, March 23, 1960, 
plsallup, Wash. 

c. Seminars (Biology) 

R. F. Palmer, "Deposition in Rats of Reactor Effluent Radioisotopes," 

B. J. Mcclanahan, rrFlame Photometry", March 9 ,  1960. 

I). G. Watson, "Zfnc6' in  Marine Organisms Near the Mouth of the 

March9, 1960. 

Columbia River," March P, 1960. 

Lymph Nodes," March 21, U60. 
W. J. Bair, ''Accunulation of hhaled Plutonium in Tracheobronchial 

D r .  Richard W. Lawton, Hissiles and Space Vehicle Separtment, General . 
Zlectric, PhQadelpnia, IThe Role of Biological Science i n  Space 
Exploration," March 2Y, 1960. 

Dr. Lawrence J. Middleton, Agricultural  Research Council, Radiobiological 
Laboratory, Wantage, Berkshire, England, "Agricultural Research 
Ccuncill s Radiation Biology Program, t1 b r c h  '11, 1Y60. 

Damage t o  Cells," Flarch 25, 1YbO.  
D r .  E. L. Powers, Argonne National Laboratory, Lemont, I l l i n o i s ,  "Raaiation 

d.  Seminars (local) 

N .  L. Dockum, P a r t  d iology Operation plays i n  Hanford Safety,Ir IPD 
Safety Meeting, 3/ 25/60. 

D . Publications 

a. Hif Publications 

b. Open Literature 

George, LOA, I1 and G ,  S. Vogt, lZ!,.ectron iVIicroscopy of  Autoradiographed 
Radioactive Par t ic les ,  I* Nature 184 -J 1474-75 (1559). 

UNCLAS SFIED 
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L. 3. Water: transferred t c  Operatioris Research aC Syntbesis 3nsul t . ing  Service, 
Mszsgemenf C c w d t a t i o n  Services, on Marc5 31, 1969. 
2. E. Carey w h  t ransferre5 t c  the Qerations Resesrsh dc S 3 z t t ~ s i 3  Operetkr- 
cff5:ti-re 1.llp,re3 L, ~969. 

He wae replaced by 

-., nethods of r3L:inely anslyzing rupture t o  monitor fue l  element qual- 
The first method uses as the ity by means of asstr3L charts  were rleveloped. 

s t a t i s t i c  the r d e r  of ruptures per two month period. B e  limits i n  th i s  
case are var iaUe :a that the poten t ia l  fo r  rupture is m t  constant due t o  
vazying reactcr t c n a t i c n s .  The second method uses as i ts  s t a t i s t i c  the 
aCjuet.e", length cf time necessary t o  accumulate R ruFtures where the a9)ust- 
m n t  romves t k e  e f f e c t  of reac+&r varia5les. The la t ter  method is desira5le 
bezausa the linits ars fixed, and operating personnel ace accus toud  t o  9eal- 
Lng with SeGuencer; i2 rc;tures rather than the nude-  of ruptures occurring 
d u h g  a fixed time perlo?. I n  order zo demcnstra+,e the use of such charts, 
9. sampling experiment was condtiictes in which 20 years of "rupture" data were 
gmrrerste2. The types cf a2parent ncn-randmness which exist In a controllea 
s i t a t i o n  when analysis is made after-fhe-fact axe very i l luninat ing.  
report  is being prepared. 

. 

A 

A report  was writ tes or: +ke amount of i&ormation concerning t3e effects of 
power 03 ru;',cre rates that will result fro= a w n i t o r  progran i n  which a 
cent ra l  block of tubes w i l l  3e run a t  higher power leve ls  through the use of 
e z i s h a n t . .  
erkire r%actsr is raise2. 

T S ~ E  p o g s m  is cotzpared with one I n  which the power l eve l  of an 

@3r;ization of Rea.ztor Operations 

AB 3:s-uissd i n  the February report, tbe potent ia l  benefi ts  that would r e s u l t  
from ar, op:imum al locat ion of supplementd crew personnel t o  perform charge- 
Z h c h r g e  work were t o  be investigate8 rLn order to build L I ~  a case for  such 
a pro2e0ure. Although no t i m e  was available during March t o  pursue this, it 
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now appears that such a system of &%&locating manpower will be inst igated with- 
out the need for this presentation. 
problems in this area as tlme permits. 

Attention w i U .  be diverted t o  other 

2-Plant I n f o m t i o n  Study 

Liaison w i t h  Electronic Dats..Prrrcaasing~.Oparaffiion and AEC repreeentatives concern- 
the sccaptencZr. o€ oawline rompvtaticvnaL equipment continued .during the month. 

Reliability Studies 

The IC plant  r d i a b i l i t y  study is nearing completion. 
the p r i n c i p a l r e s u l t s  t o  date has been sent t o  interested persons. 

A report summarizing 

Work continued on the PlPR r e l i a b i l i t y  study. A d i g i t a l  computer program with 
the time dependent r e l i a b i l i t y  over-all safety c i r c u i t  system w a s  written and 
executed, snd the reeults presented t o  interested persons. An interim report, 
i n  the form of a letter setting for th  a mathematical mdel underlying the 
analysis has been sent  to personnel connected w i t h  the  stu6y. 

Inventory Studies 

A procedure t o  consider quantity diacounts i n  procurement of general suppl ies  
was discussed w i t h  General Store8 and Excess Property Operation mnagement 
and buyers on February 26 and March 2. There was general agreement by all 
concerned on its value. 

A sampling procedure similar t o  that outlined i n  Product Cost Accounting 
Bulletin,  PC-15 was developed f o r  sampling Spare Parts  and Standby Inventory. 
The procedure was tested on a f ive  percent of the same inventory f o r  19% snC 
found t o  give an imrentory deficit  of 58,OOO + 141,000 compared t o  a deficit .  
of 60,000 found by 100 percent inventory. 
inventory calls for sampling 15 percent of l i n e  items representing 80 percent 
of the dol la r  value. Assuming the qual i ty  of inventory records to  be as gocd 
as 1958, the e r ror  introduced by sampling i n  1960 shouid be considerably less  
t h n  one percent of inventory. 
one-third of that used previously. 

W- procedure designed f o r  the 1960 

Time for  inventorying should be reduced to 

Redox Dissolver Study 

The logica l  analysis of Malody’s model emphasized that models cf this type 
cannot be solved by assuming straight l inea r  or even logarithmic relationships 
between variables.  It 1s necessary t o  determine the exact or a t  least the 
approximate relationship between each variable base6 upon sound theoret ical  
considerations. Consequently, e f f o r t  has been expnded toward searching the 
l i t e r a t u r e  t o  obtain the necessary background relating t o  chemical kinet ic  
theory, which has been incorporated in to  a rough model by CPD personnel. 
Current e f fo r t s  are aimed a t  converting th i s  model in to  a s e t  of simultaneous 
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5 i f f e rea t i a l  equations which descrLbe the  dynamics of t.he dissolver process as 
a funztion cf t i m e .  
whizh can be reconciled with available i n i t i a l  and f i n a l  coaditions data. 

The soliltion of t h i s  set of equations provides a moael 

STKTISTI'JAL AND MATBEMATICAL ACTIVITIES FOR OTHER HAP0 COMPONEPFTS 

Fuels Preparation Departmen5 

me analysis of data from the  experiment designed t o  evaluate the e f f e c t s  on 
p c r i s i t y  and can w a l l .  +Ucknees of canning bath temperature, vibrat ion 
frtqdency, and tine of vibrat ion was completed. 
replica+,e cf a cu5octahedron design wi+& four center points  i n  each rep l ica te .  
m-e results from the two blocks were very consistent, acd the res iaua l  erroz 
agrsed qui te  well with the t rue  e r ro r  estimate arr ived a t  by the r e p i i c a t i m s  
cf tke  center point, which isdlcated that the  quadratic surfaces were adequate 
20 describe the  yields.  It was a lso  possible t o  estimate +,he e f f ec t s  of 
d i f fe ren t  jacks an& vi rg in  vs.  recovered cores in this experiment. 

This was zonaucted as a 

Analysis was a lso  completed of data from an experbeat t o  evaluate four cap 
-ribrators having d i f f e ren t  cam designs. I n  this experiment, a black consisted 
Df m e  canning bath set-up where a d i f fe ren t  vibrator  was used on each jack. 
All 12 possible combinations were run, and some very in te res t ing  block e f f e c t s  
were uncovered. 

Ac experimerrt was designed t o  evaluate the  effectiveness of diversey 600 i n  
$he sluminurn component cleaning process. 
en+, r a t i o s  of sulfuric acid t o  diversey within each soncentration are being 
evaluated. 

Different concentrations and d i f f e r -  
u 

3imensional data  from bumper fue l  elements were used to describe with 3 l e r s x e  
stalemects the  v a r i a b i l i t y  i n  dimensions of the present bumper fuelelement. 

AlSi density measurements were used a8 a measure of porosity i n  an addi t iana l  
experiment i o  v a c h  vibrat ion frequencies and canning bath temperatures were 
varied.  If appeared t o  be an insensi t ive measurement. 

A 6escziptive ar.al.ysis was made of w&zp and diameter change measurements from 
%:?e coctinuing productior. tes t  comparing chloride with carbonate s a l t a  i n  t h e  
h a t  treatment of bare cores. 

Irrac',ia.tion Processing Department 

A t  the request of persomel  cf the Indus t r ia l  Engineering Operation several  
farmuiaa which give +&e reactor mair?tenance times fo r  outages were checked and 
reviewed. 
tke several d i f f e ren t  systems of performing maintemnce work. 

The forclillae were developed as an objective basis f o r  comparing 

A study h e  been ma&e t o  determine how the frequency of fac tor  determinations 
affes5s the fac tor  accuracy. 
periods of equilibrium is emall but  t h a t  tube fac tors  taken from non- 
representative time periods may often be expected t o  be i n  considerable e r ror .  
This leads $0 the  suggestion which is beiag tr ied a t  present, that reactor 
ec_uilibrium and t r ans i t i on  conditions be monitored by s t a t i s t i c a l  control 

The data in9icate that the var ia t ion within 

- 
techniques on a sampie of tubes, which a re  chosen f 
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s w e .  
se lec t ing  the times f o r  tube f a c t o r  determinations. 

A study has been coapleted which discusses various aspects of the accuracy of 
reactor  power l e v e l  values i n  the context G f  the control of SS ma-cerials. 
The evideace strongly indicates  t h a t  the conversim r a t i o s  ttemselves are +&4 
most l i k e l y  source of a large, p e r s i s t e n t  and overriding e r ror .  
being revieweit by IPD personnel before it is released as a document. 

Mathelastical solut ions were obtained f o r  the  heat condbction equatioc i n  a 
small  cyliadzical resistance-heated electronic  component. 
of the  exact solution, appropriate approximafions were suggested. 

Technical consultation on L?e subject of l i n e a r  programming and associated 
techniques is  being given a member of Manufacturing Operation. 

The knowle- gaiaed from these tubes w i l l  thus afford e basis f o r  

The report  19  

Due t o  the cowlexit:.  

Chemical Processing Department 

The compliance with minimum plutonium content specif icat ion of fabrica5cd p a r t s  
wa8 demonstrated f o r  the first quarter  of 1960. Due t o  excel lent  ana ly t ica l  
and process control  as well as a r e l a t i v e l y  high average puri ty ,  the highest 
minimum plutonium content t o  date was obtained. 

Graphs i l l u s t r a t i n g  the comparison of the present ly  used index of nuclear 
material control  (WID) and the recommhnded "minimum variance inventory'' con- 
cept  were prepared a t  the request of CPD Production Operation. 
of' o f f i c i u y  adopting the minimum variance inventory method f o r  nuclear 
material control  In  CPD f o r  FY 1961 is t o  be discussed by perscnnel of the 
Production Operation (CPD) and Nuclear Materials Operation (Contract and 
Accounting). 

me f e a s i b i l i t y  

Relations Operation 

Several days were spent during the month on the C o m n i t y  Survey conducted 
a t  t k e  request of the Relations Operation. 
proper sample of Tri-City residents  and guidance i n  the implementation of 
saqj l ing procedures. 

Ef for t s  concerned sefezt im of a 

Contract and Accountirq 

Iritial szophg and esta3lisfiment of a uieasurexnent system t o  acquire a n a l y c i c c  
data descriXr,g the szheduling system f o r  the IBM 7Cg computer Qperatior. hzs 
tee= accoxqlished. 
operatcrs, equipment, programming systems, u t i l i t i e s ,  input and output 2cnT231, 
and "production classes"  is  i n  process. 

A detailed 'creakdcwn of loss time data involvirg Tie 

S?ATISTIGW, AX3 MATHEMATICAL ACTIVITIES WITHIN HLO 

2SCO Program 

I 2 5 2  

Alminum Alloys Corrosion Rate 

A s t a t i s t i c a l  analysis  was in i t ia ted  using Al-Ni-Fe a l loy  corrosion data 
frsm e recen+, study conducted by the Corrosicn and Coating Operstfm 50 
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Creza Rate Estircation 

Secmdary zreep r a t e  estima+,ee and cocfi6ence in ta rva ls  were constructed 
for Fersxneel of Pkysical Metallurgy Operation uaing data frcm a cur res t  
in-reactcz creeF ca.gsde enperimect. 
an otlt,line cf the met.ko2 used here forwarded -a i z tezes tez  persons. 

P-e resul-;s of +he :alculat ims p l u s  

Reactor Kinetics 

Several aiscussiona were keLd with Dr. 3, Pcrifsky of the  General Engineer- 
ing Laboratmy on matlzezaticai 5eckniqJes applicabze t o  t h e  study of the 
grcqer t ies  of the sclu-licns 53 915 three-parameter re&:tor k ine t ics  
C i C e r a n t I a l  eqiaation, 

P l - tmiun  Recycle 

Sev5rsl discussions were helt? with personnei of Prcgzamning Operation t o  
explain the use of s t a t i s S i c a l  metkc% f o r  dete,-mining a maxin:dz of 8 

funet isn 3efined over a uuLti-dhexsional space. A mcdif ica t im of et 
steqesr; decent pro:sdure Sa&& cn f i t t i n g  th% >est l i n e a r  surfsce using a 
Prac',ic-sl f a c t x i a l  i ; y p  sas;is"YcaL design was saggestez for  me with 
XLG '3 XCeager pkyaics iode. 
strdcting a f i o ~  char t  prel ininary 50 pzograrmnirig the procedure. 

Current effor5:e are dire:+,ed +,owsrd con- 

3 e  Sts t i s t icaL acalggis of the Phase I S r e s s w e  tes t  G f  the  PRTR contain- 
ment ?ressel has t e e n  ZmpLeteO and l r x r p c r a t e d  i n t 3  azi unclsssifiei! 
dzt7ucmt, YW-&!+k6, "A Xath9ciatical and S t a t i s t i c a l  Approach t o  the >sign 
sr,d Andysis c~f a 15eacts.r Gxteinment  'Jessel Press-xe Test." 

rl-. -A.u~ssi:Lz ".e t k i  aXl2sis cf tke Pbase I test, the document considers the 
design cf s filture t e s t  inzlueiag th  p c s i t i o z i i g  within t h e  vessel  of 
5eqeratuz-e an2 Freseura mni',oring c%evices, the analysis  of data  from 
- U ~ E C  c?evices an2 the estimat',cn anC precis icn of leak  r a t e  estimates.  
mls 2 c c . m n t  w i l l  be made ava i l s5 le  t o  BLO personnel in t k  near fu+,ure. 

I n  addition 

4.L 

SwellLqq Studies 

Further work was done on the theore t ica l  model So acjount f o r  the d is tor t ion ,  
or extrusioa, introdaced ir! the  senple preparation of r e p l i c a t e s  p r i o r  t o  
eie::t,rc;n microssopy. 
p l a s t i c  b a l l s  ir, a "scotch" zedfan zontiniee ir ar, ettenpt t o  determine +,he 
effect of T;zre size on d is tor t ion .  

Study  2f dcrographs  of t k e e  d is t inc t .  diameter 

6000 PrDgram 

Biciogy a?ld Medicine 

At the request of Experimental Animal F a n  Operation, work was begun on 
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PROGRAMMING OPERATION 
M R C H  1960 

IIW-64500 

PLUTONIUM RECYcIg PROQiAM 

Cycle Analysis 

Computer Code  Development. 
culated by the RBU Monte Carlo code was carried out. 
with expectations. 
coefficients In  RBU was developed. 
the e r ro r  detection system used i n  the  rest of RBU. 

A preliminary formulation of the Box-Wilson optimization technique sui table  
for  programming for the  IBM-709 has been completed. 
being flow-charted. 

An analysis of neutron angular dis t r ibut ions cal- 
The results agree well 

A modified and simpler technique f o r  computing diffusion 
The input code was revised t o  conform t o  

* 

The program is presently 

Fuel Cycle Studies. The general correlation of the reac t iv i ty  worth of 
plutonium fue l  enrichment proceeded durirlg the month v i t h  a t o t a l  of about 
150 new reactor physics cases calculated using the E4eleager code on the 
IBM-709 computer. 
i r rad ia t ion  (continuous charge-discharge ) and complement those cases cal- 
culated last month f o r  batch exposure conditions. 

These cases were calculated for  the case of  graded 

A preliminary examination of t h e  data suggests that maximum plutonium value 
i n  terms of exposure may be obtained from batch exposures i n  a reactor having 
several zones of varying moderator t o  f u e l  r a t i o s .  In i t i a l ly ,  the plutonium 
enriched uranium-238 would be placed i n  the  zone havina the lowest moderator 
t o  f u e l  r a t io ,  which leads t o  a r e l a t ive ly  l o w  reac t iv i ty  and specif ic  heat 
output, and a high conversion r a t i o .  
the fuel elements would be moved t o  zones v i t h  increasing moderator t o  fue l  
r a t io s .  The advantages of thls  procedure appear t o  be greater i n  plutonium 
than i n  uranium-235 enriched f i e 1  systems. 

The Meleager code i s  currently being used t o  check some preliminary hand 
calculations of breeding r a t i o s  i n  multi-reactor systems. 

As the plutonium enrichment is depleted, 

PRTR Startup 

Work in support of PRTR s ta r tup  included review ard analysis of c r i t i c a l  
tests and process specifications.  Also a P i lo t  Tube Test was designed i n  
which a single PRTR tube is special ly  f i t t e d  and instrunented t o  achieve 
controlled higher operating temperature t h n  other reactor process tubes. 
Detailed planning of the Parer Test Phase was carried out under auspices 
of the Power Test Sub-council. 
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PRTR Plans and Sckedules. A set of tables was constructed for  plutcnium 
accountability during tb f i r a t , n i n e  montfis of rmTR operation. 

4 

A review cf the a&ed3.le! fcr plutcnixu u t i l i za t ion  i n  FELB was made on the 
basis of m e t  recent expactations and actual receipts of plutonium f'uel. 
ALthotqh changes exist in the earliest part of the program, actual  and 
anticipated receipts w i l l  permit continuation of the or iginal  schedule 
including the productian of high exposure Jlutonium. 

SPZCIFIC FUEL CYCLB ANALYSIS 

!Fhe physics calculations for *e Advanced Pressurized Water Reactor Study 
as reported in m-8502 Pt 1 by Cabastion Engineering, Inc. b v e  been 
repeated using the Wleager code. 
reac t iv i ty  but & w e e  on the "boron mismstch" (the react ivi ty  peaking due 
t o  uneven depletion of poison and fuel) .  
corresponding t o  the description of the fuel elements i n  this reactor, was 
employed in our s t d y ,  while the A€VR study uses a reduced (self-shielded) 
boron cross-section. 
studies for  this reactor, but this discrepancy w i l l  be res3lved shortly in 
any case. 

The results agree a s  t o  exposure and 

An unabielded boron cross-section, 

Boron poison i u  not apt t o  be used ex+,enslvely i n  o q n  

i j  

Tke Speaiffc Fuel Cycle Economics Code  is nm being programmed. 
and Plow chart- is complete. 
corzpled with any given reactor, fuel processing and economic parameters, will 
compute, w i i b  considerable raf inemnt  and detail, the costs cf fuels  of any 
isotopic composition (E-232 tlxmugh Pa,-2&) e 

Sub-codes are  provided fo r  each divfsicn (rou@&j ckronol9gicsl) cf the fuel 
cycle. R?incipal of these are  (1) Fabricating and Jacketing, (2: R-9-Reactor 
Inventory and (3 )  Nzdear Process Ccsts. 
f u e l  cycle costs frm charging into the reactor t o  cs.mpletion c f  separations. 

Its logic 
me code is completely generalized and, when 

The latter cmputes all ordinary 

Another sub-cDde computes extraordinary startup and clcse-down ccsts and 
amortizes them snd applicable workiIlg c a p f ~ a l  c m t s  t c  Kwse produced &?ring 
the reactor 's  l ifetime. 
jacketing and burnoiAt (t3e h t t e r  only on c l o s e - a m )  incuzzect when, on 8 
graded discharge basis, elements are  diszhrged before completion of the i r  
normal in-reactor life. 
graded enrichment c f t h e  izititil load approximating that cf an in-reactcr 
equili3r imn load. 

Finally, a sdb-code ezltitied "Payment Delay Holding Credit" compi%es the 
net decrease h working csp i t a l  costs that may be gained by Zelayhg completion 
of the f u e l  cycle and, shereby, final settiement with the AEC for  net nuclear 
material consumption. This perid m y  be in f in i t e ,  given no AEC limitation 
on its length and a large e-.roi& spread between t5e AT3C '&e charge rate and 
the cost of obtaini- workiq  caFita1. 

Tke following chart gives a general pic+,ure of the mfie's composition, 
th i s  i l lus t ra t ioE,  the matrix fmm %E %en reversed and t he  i n d i v l h a l  process 
steps i n  Fabricating and Jackezing ar-5 Nxlecar Prcqcss Cozts Lave been m i x f e d .  

These ccsts  aze mainly excess fabricating and 

Barnout will not be a start-up f a c t w ,  sss-ng 

Fm 
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Extra- (3  1 
Fabri- '1) B e -  Nuclear ordinary Payment 
cating 8p Reactor Process Startup 8 p  Delay 

Type of cost Jacketing Inventory Costs Closedarn Holding 

Processing Cost X 
-Put X 

2) Recycle X 
2) scrap & Loss X 

to scrapping X 

Fuel loss X X 
t 

(2) Value decline due 

Pu-241 decay X X X 
AEC use charee X X X 

Decay change in PU 

Startup and close- 

Reactor burnout X 
Unsep. disck. alternate X 
Separations recovery X 

Working capLtal cost x(4)(2) x X 

batch value x(5 1 X W  

darn amortization 

X 

X 

X 
X 
X 

(1) Alternate sub-codes are provided. In one, all recycle re-enters 
the beginning of the process while, in the other, recycle may 
re-enter at any point previous to the point of rejection. 

(2) These computations are elhlnated wherever external purchase of 
either the fabricating a& jacketing service. or separations 
service is assumed. 

(3) Computations in thls column are eliminated in ihe case of batch 
discharge. In addition, Pre-Reactor Inventory computations are 
altered significantly althaugh the same type of costs are involved. 

(4) Includes in-reactor charges for working capital invested in 
fabrication and jacketing. 

( 5 )  Comblned for IPsbricating and Jacketing and Pre-Reactor Inventory. 
(6) Combined for Nuclear Process Costs and Payment Delay Holding. 

Radiological Consultation 

Consultation was rendered in the follow- areas: 
plutonium in hot cells designed far fission products work, fission product 
release experiments with Irradiated fuel, Environmantel bbnitor- Progrems, 
revision of Radiation Protection stsndcrrd 3.1, the mhasurement of sm8I.l 
particle size aerosols, long-range effects of fallout, a proposed standard 
on the operation of test and research reactors, the effects of the Columbia 
River on Eanford's environs, and on the deposition of radioiodine from the 
atmosphere and the influence of knam variables on this deposition. 

hazards in the use of 
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Other act ivi t ies  included review of two proposed hndbodss from the NCRP. An 
initial mee+,ing of the American Board of Heal+d Pkky3yScs was sttended; proce- 
iturea for cazy- out certification were discussed, TJC meetings of t2e 
Steering C d t t e e  for the forthcoming hearinqs on RaShtian Fwteztion 
Standsrds were attended. 
was outlined. 

The proposed testimony fo r  the hearings from Hanfcrd 

M 8 ~ ~ 3 8 i o M  were held c o n c w  the pepsration of a book on "Radiological 
gngincering" . 

C. ClglFlRACTTCflTES 

Iff. Jcseph Kaplan, eminent geophysicist, 
spoke on Eigl;liets of t ke  IGY a t  a very 
an March 22. 

and pmfessor of physics at 'JCU 
scccessful Zanford Science Collr?quium 

Hegotiatioas w 5 r e  completed and instruction bemn on a new graduate level 
course, Ne E. SOL, &clear Reactor Theory Laboratory. Tkis is  the first com- 
plete lako*tory co3r3e fn. collei@ credit t o  be given uainq the f ac i l i t i s s  
of Eanford Laboratories. Sine s t d e n t s  are enrolled. 

Assistance was rendered and arrangements made far ssven tours  (involving 44 
people) t h re  HLO and BAPO fac i l i t i es .  

Manager, Programing 
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cb3 W c h  14, 1960, Evelyn VanFosren transferred t o  the Radiation Monitoring 
Operation t o  replace Joan M. Weston who transferred t o  Profeseional Placement 
an3 Reletions Practices. D o n ~ l d  W. Constable, Technical Graduate, w a s  placed 
on a three-month rotation wi th  the Radiological Development Operation effective 
Msz-ch 1. The force of the Radiation Protection Operation remained a t  a total 
9f 233. 

B. ACTIVITIES 

-re were no n e w  casts of plutonium deposition canfinned awing Msrch, t h u ,  
the total number of deposition cases that have occurred at  HAP0 is 249 of which 
:80 are currently employed. 

L/' 

fiadiation Monitoring was provided for vapor-plathag olive material in the 231 
Build-. The ntaxlmm hami doee rate encountered, WU wearing led gloves, 
WBB 10.2 rems/kruar including 200 =/ham of gmmm radlation with the remainder 
due t o  neutron radiation. 
apprcech 400-500 r/haur, due primarily t o  eof't geum18 radiation hav- an aversge 
energy of bb kev. A fllm study t o  determine the ElUrface dose rate due t o  gamma 
&istion was u118uccesrful. Further studies utills- calibrated film of 44 
kev energy are in process. 

A &ace dose rate of 9 rads/huur w a s  encuantered in the 231 Buildhg while 
bandling clad fuel rods containing palm material. Self-read- pencils have 
p r m n  useful t o  control both bcdy and hand exposure for this wcrk. 

The unshieldad ourrace-dose rate is expected t o  

Flaw rates in the Columbia R i v e r  dropped t o  36,000 cf/s far several days in  
the m i d d l e  of March. 
The filling of the Priest Rapids Dam pool cawed the law flow rates. 
samples were collected for isotopic analysis t o  increaee HAP0 knowledge of 
potential exposure f'rcrp Columbia River water at  law flow rates. 

The normel flow rate for Wrch is about twice this figure. 
Special 

Dlscrepancies have been noted In  the a ~ l y e i e  results when runparlzg the 
aBoPlllt6 of radiolsotopea reported discharged t o  the Columbia River at  Hanford, 
and cunpared t o  the amaunts measured with thoee Crpccted at Pasco duriDg 1959. 
To resolve tk differences, three HAP0 Laboratories have performed analyses 
of the BCMC mmple for the BEUDC identical irotapes. A sample of the LOO-ICE 
reactor effluent water, taken a t  the same t b ' d u r i n g  FebFuary, waa submitted 

hbozutory, and. Radiological Chemistry Iaborrrtory. The remlts of the 
analyzed nadioieotopes were campand for  the single sample. 
of the testing prcduc&the fact  that far two of the isotopes of princi 

Radiologic81 Chemical Analytical Iab ratory is high by a f ctor of 2 for I?#39. 

good agreement. 
Laboratories t o  reconcile these differences. To ascertain canplete accuracy 
IlFl1kipJ.e samples must be analyted for canparison. 

t o  the Purex hlyticsl  Labomtoy, Radiological chemical Analytical 

interest, As7 and Np 

The highlights 

, Purur is apparently low by a factor of 2 for  

hre% remlts also appear high on @ e and law an Cr51. Zn 2 5 reSult6 were in 
Investigations are currently in process by the concerned 
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The Whole Body Counter oprated sstiefactorlly durlng Mrch with a minimum 
of dbm-timc for equipment failure. R o u t i n s  counting continued with a total 
of 141 H M O  employees and t h e  nanemgloyees belag processed. 

A coaparative experlwnt was initiated by Radiological pbyeics with Dr. C. L. 
OBC of the experiment is to Fiach of the University af Washington. 

determine tba uptake af arslly ~inistared Fa Three subjects were given 
i ron salt and three were given hemoglobin solution at  the University of 
Washington. Two weeks later, they were brought to the UBC and counted. 
These thrae subjects were ccmpared w i t h  two BAPO employees who vokmteered 
and were given intravenow injections of Fe59. The total  resu l t  of the 
axgarbent cannot be reported until the University of W 

obtained for the EIAPO Whole Bcdy Counter. 
ment with the value extrapolated f’rap data for %*. 

In  calibration of the WBC for d5, diiiercncea in crrlibrations have been 
cbtalned w t h  different  people. 

bcdy for different  individuals. A study was made an the 
dietr ibut ioa of $5 in one employee for a period of ose month. The initial 
depoeit,ion of Zn 5 was in the area of the liver, hawever, later counts showed 

-9 

their calibrations. Incidental t o  the experiment, an Fe Y F ”  calibration has c=P1eted was 

t ion  of Zn f! 5 in t 

The calibration was in g o d  agree- 

The discrepancies mpry be due t o  the dis t r ibu-  

9 -read t o  the head and the leg80 

C o u n t i n g  Individuals in the  UBC lying prane on a table by moving the c rys ta l  
in f -inch inc nte  has roven t o  agree within 5s with regular counts 
for #, Fe59, Z z  and Cslfl’7 baeed on the to t a l  c a n t  observed. Theoretically, 
this procedure is necessary f o r  an ideal c a t ,  however, these data confirm 
tha t  the HAPO technique is ent i re ly  satisfactory. 

F i l a  badge preparation was centralized and senricfng of all badees fran the 
3705 Building star ted on March 28, 1960. 

T!ae camparison film badge excbange experiment between %vannah River, Rocky 
Flats, Lo8 Alamoa, a d  W o r d  ’has proceeded. Sane differences in resu l t s  
have been noted, hovever, a canplete report w i l l  be published when ali of 
the h t a  has been submitted. 

Sune initial studies of the Bauech and Lanb microdensitameter reader have 
Idicated a linear response f o r  C o b  irradiated silver glass dosimeter rods 
in the range of 20 to 1,OOO rads. 
24 hours follmlng irradiation. 
after the first day. 
doeea of less than 10 rads can be d e t e m h d  with certainty. 
1,OOO rade have not yet been studied. 

A 5076 fading wae observed during the first 
A fading rate of 2$ t o  4s per week is indicated 

Due t o  the rapid rate of fading, it is doubtful whether 
Doses above 

I m t a U s t i o n  of all major camgonente at  the Columbia River Monitoring Station 
has been ccmpleted. 
of Minneapolis-Honeywell &&lator Canpany  pereonnel t o  make r e p a k s  on 
equiplpent. With the exception of the alarm c i r cu i t ,  wgch has not  been 
tested,  a l l  crmposrenta appear t o  be functionln& adequately. 
of about four weeks will be used t o  observe the system under constsrnt use 
and t o  make any necessary adjustments. 
s t r x t i o n  phase of t h i s  project m e t  the AEC deadline of March 31. 

Continwd electrical malf’unctioning resulted in a v i s i t  

A tes t  period 

The official terminertion Df the c m -  
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E. SmLFEmREP- 

HW-W "A Portable Civil  Defense Air Sampler" by I;. F. K E h e r .  

Sra-6&523 "AnaLys:ier o? Wioiogicsl  hta for thc Mmth of February, 1960" 
by R. b e  Junkfn~. 
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BN'4IRO- MONITORIIVG - RESUETS - (Mid-February 1960 - Mid-March 1960) 

Activity Monthly 
Average Units - Sample l !yp and Ucation Type 

Drinking Water 

100-F Area 
Separations Areas 
Pasco 
Kennewick 
Richland 

0 07 MpcGI* Isotopic 
G r o s s  Beta 1.1 10-7 I rC lCC 

Gross Beta q . 0  x 10-8 cIC/CC 

Isotopic 5 -8 $ WcGI* 
Isotopic 1.2 5 MpcGI* 

Columbia Rivsr Water 

A b o v e  100-B Area Gross Beta 1.2 x 10-8- pc/cc 

McNary D8m Gross Beta 1.3 x 10-6 Irc/cc 

100-F Area Isotoplc 2.6 4 =GI* 
W o r d  . Isotogi c 2.2 $ WcGI* 
Pasco Isotopic 16 $ W G I H  

Vancouver, Washington Isotopic 0.4 $ MpcGI"" 

Columbia River Mud 

pasco 'bicinity 
w 

Atmosphere 

1 ~ 3 ~  Separations Areas I131 9.7 10-l4 w/cc 
1131 Separations Stacks 1131 0.2 
Active Part ic les  - Project -- 2.3 ptle/100 m 
Active Part ic les  - Environs -- 1.0 ptle/100 m3 

Combined c ies/day Y 
vegetation (Control l imit  for  vegetation is 10-5 pc F / g )  

Irc/gm 
Residential 1131 a . 5  x i o  Irc/gm 

Oregon 1131 a . 5  x 10-6 Irc/@l 

1131 - Wash. and Ore. Emitters 2.4 10-5 crc/ gm 

-6 Separations Areas 1131 1.6 x 

Eastern Washington and 

Fission Products less carmns 

4 MPC is the percent 3f the maxlnnrm permissible l imit  for occupational 
exposure t o  the &astrointestinal t r a c t  calculated frsn drinking water limits 
contained i n  NBS Handbook 69. 

WIhe $ MPCGI is the percent of the mmdmum permissible concentrations for  
persons in the neighborhood of controlled areas for  continuous exposure t o  
the gastrointestinal t r a c t  calculated from drinking water limits confained 
i n  NBS Handbook 69. 

4 

%This location is now sampled quarterly. The most, recent result is tabled. 
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2 
2 

1 
3 

PenciU 
Pencils Palred Readings Paired Readings b 8 t  

Over 280 mr . ReadinRe Prszessed 100-280 mr 

307 
695 

5 
I2 

4 
7 

Neutron FFLa W e s  
v Film hdfng8  Rcsdinga R e d i n g S  L a t  

Proceseed 50-100 mrem 100-300 mrem Over 300 mrem ReadFnga 

'1 0 

322 
756 

14 
53 

1 5  
23 

0 
0 

0 
0 

6 
LO 

March 1960 to Date Biclasaay - 
709 2,190 
€e 129 

P h t ~ ~ P u n :  Samples Assayed 

2 , 138 
1 

. Results above 2.2 x pc/S8Wk 

Fissicm Frducts: Samples Assayed 656 

Uranium: Samples Asssyed 311 910 

2 oaf imed P k t  3 s h m  Deposit ion Cases 0 5* 

Results above 3.1 x pc FP/sample 1 

mis briags the total Ilumbcr of plutonium deposition cases which have occurred 
st Hanfard t o  249. u 

UNCLASSIFIED 
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Uranium Analyses 

G-6 

FoUauix~&gExpoa;rre 
units of 10- pc U/cc 

Xumber 

*- 
HW-64580 -A 

Following P e r i d  ,qf no Exposwe 
units of w WCC 

Number 
Yaximum Average Samples 

42 4.2 31 
13 
21 

3 -4 3 i  
2.4 . 48 

* Samples taken prior t o  and &Zer 8 specific job during work week. 

Ti o id  Checks 

Checks above 3etectia Limit 
6emiiir 

ELsnr? checks 
Checks Taken - Alpha - Beta-gsmma 

0 0 

23 
46 

5 

69 
115 
19 

185 
2,012 

AJ, Ste7:en.s: kc 
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LABORATORY AUXILIARIES OPERATION 
MolqT€lLYEIEpom! - MARCH, 1960 

GENERAL 

Security performance for the Operation was satisfactory with no violations 
during the month. 

Safety perfonnance of the Operation was considered satisfactory. 
no mador injuries;  the minor injury frequency rate was 3.85 which is  con- 
sidered about average experience. 

There were 

llEcHaICAL SHCIPS OpERaTfoN 

Tutal productive time for the mnth was 22,612. 
performed in the Technical Shops, 3,831 hour8 assigned to Minor Construction, 
159 hours assiwed to other proJect aimpa, and 957 hours assigned to off-s i te  
vendors. 
current mnth with the remainder distributed over a 3-month period. Overtime 
hours vorked during the  month was 5.346 (962.5 hours) of the  t o t a l  available 
hours. 

This includes 17,665 hours 

Total shop backlog is 27,918 hours of which bo$ is required in the 

Distribution of time was as follows: 

Fuels Preparation Department 2,083 9.2 
Irradiation Processing Department 1,061 4.7 
Chemical Pmcessing Departmnt 2,224 9- 8 
Ranford Laboratorfee Operation 16,844 74.5 
Construction Engineering & U t i l i t i e s  195 09 
Miscel ' lous  205 0 9  

The overtime ra te  declined s l igh t ly  fmm the previous month -- .5.3$ versus 
5.7$ fo r  February. Total backlog Increased a p p m ~ t e l y  1%. However, the 
greater portion of this Increase was of a long-range nature not requiring 
emergency service. Continued assistance w a s  pzPvi&d to the Chemical Pro- 
cessing Department i n  the fabrication of graphite molds and test equipment 
used fo r  high pr ior i ty  weapons work. 

E. A. Kasey, Glass Technician, attended a Technical Conference on Glass 
Science and Technology held at  the G. E. Research Laboratory in Schenectady. 
Kasey also visited the glass shops a t  K.A.P .L., OeneFal Engineering Laboratory, 
and the Transformer Dcyartment to observe recent developments i n  glass working 
techniques. 
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RADIOGRAPHIC mTING OPERATION 

Radiographic Testing Operation made a total of 3,114 t es t s ,  of wfrich 1 , O g  
were radiographic (Including x-ray and gamma-ray) and 2,083 were supplementary 
tests. 
with radlogwphic tests, and 1,227 (61.3s) were used on supplementary tests. 
The supplementary test mrk included; borescope, eddy current, penetrant 
(fluorescent O.D. and I .D . ) ,  surface treatmhnt (alkaline cleaning and vapor 
blasting),  and ultrasonic ( f l a w  detection, core integrity,  bond +,esting, and 
thickness measuFement). 

.. 

Out of a total of 2,000 man-hours, 773 (38.7s) were in connection 

number of pieces handled this mnth  totaled 2,961 i t e m s .  The fee t  o f  
material represented by these i t e m s  a tmuted to 42,737 fee t .  A high ra t io  of 
number of feet to number of pieces continues t o  be experienced as a resu l t  of 
the work with tubular components. 

Work was done for 23 different  organizational components representing mst of 
the operating &pezttmenW md semice organizations. A total of 61 reports 
were issued detailing test findings with conclusions and recommended action. 
Radiographic Testing Operation w a s  consulted on 52 different  occasions fo r  
advice and information on general t es t ing  theory and application fo r  other 
than the jobs tabulated in Par t  I1 - Testing S ta t i s t i c s .  

Full size  IWR process tubes were tested under adverse conditions before a l l  o f  
%he C-25 f a c i l i t i e s  were complete. The urgency for  the t e s t  L t a  stemmed from 
in te res t  by the potent ia l  vendors i n  evaluation of t h e i r  respective development 
tubes. 
(welds and suspect areas) tests were completed on 23 f u l l  process tubes. 
was performed on a 12 hour day, 6 day week schedule. 

W 

Ultrasonic, fluorescent penetrant (both O.D. and I . D . ) ,  and radiographic 
Work 

Reprocessing of three PKllR process tubes having westionable du+aclive films 
was started. 
Three KER process tubes were also tes ted during the  month. 
fluorescent pene+,rmt O.D. and I .D . ,  ultrasonic testing, and x-raying of 
suspect areas. 
the ent i re  length of the tubes. 

These tubes will be vapor blasted, pickled, 2nd autoclaved. 
TesC, work included 

In addition, ultrasonic thickness measurements were made over 

Radiographic tes t ing of TPU fuel rods fo r  core location, core segregation, 
and can w a l l  thickness has kept pace with production f a c i l i t i e s .  Two new 
t e s t s  have been added to  the trans-plutonium fue l  element service work. 
testsare ultrasonic bond test and core integrity.  
is being done on a twlo s h i f t  basis to obtain maximum ut i l iza t ion  of existing 
test  e quipment . 

These 
The ultrasonic t.es+, work 

F i e u a c t i v i t y  continue a t  3 moderate leve l  with work progressing routinely. 
The major ac t iv i ty  involve radiographic l ia ison work a t  the PKTR s i t e  Jnd 
f u l l  development and implementation of a pressure vessel survey in  the 100-F 
Zre a. 

UNCLASSIFIED 
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W 
A near serious accident occurred involving B. D. Howard in the  f i e ld  
operation group. 
450 lbs., rolled off  the x-ray conveyor catching M r .  Howard's h a d  and 
pinching it between the tube and the conveyor edge. 
l e f t  hand were fractured. 
treatment as no loss t i m e  was involved and it q p e a r s  that there will be 
110 peraanent disabi l i ty .  
prevent a reoccurence. 

A 60 foot long NPR pmcess tube, weighing approximately 

Three fingers on the  
This injury was classif ied as a minor injury 

Stops have been instal led on the conveyor to 

Testing S ta t i s t i c s  

No. of Ft. of Weld %. of 
Component Tests or Material Pieces Description 

CEW 413 207 413 3 phase of PKrm containment 
vessel. 

CPD 20 17 8 Radiograph velds on S.S. nozzle 
sections PRfR Project. 

FPD 16 27 5 I P R  Fuel Element. 

HIL) 2,194 31,497 . 2,375 S.S. clad Ix>2 fue l  element; 
9/16" O.D. x 8' long uO2 fuel  
md; 9/16" O.D. x 5'  long uO2 

long uD2 fuel rod; swaged large 
diameter fue l  rod; WR f'uel 
elements; S.S. clad NaK swelling 
sample; ,680" I.D., zr-2 tubes; 
m c h i a e d  TPU Are1 md; Radio- 
graphy Palm Dev and fabrication 
plopam; Radiograph existing welds 
on pmcess tube ma&-up in 189-~  
Bldg; .OO5" w a L l  304-L .S . tube ; 
.010" wall inconel x tubes; . O l 5 "  
w a l l ;  .680" I.D., zr-2 tubes; 
KER tubes; BD & F type ribless.  

Rrel md; 9/16" 0.D. x 2-1/2' 

471 10,989 

Total 3,114 42,737 
w 

160 C a r b o n  steel and zircolhirnn ftarnace 
welda; radiograph welds on S.S. 1102- 
zle; HPR zirconium tubes; S .S . 
valves; CS lvld zirconium - m a c e  
welds; Ultrasonic thickness measure- 
ments pressure vessel survey 100-F; 
llpU fue l  rods; .680" I .D. ,  zr-2 
tube; .505" I.D., zr-2 tube; 9/16" 
O.D. PEclR Pu-A1 fue l  rp'ds. - 

2,961 
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There were 30 existing J. A. Jones Company orders a t  the beginning of the 
month vith a total unexpended balance of $344,409. Fifty-two new orders, 
2 supplements and adJustmnnts for  underruns 3mounted to $74,343. 
tures during the month on HLX) work were $156,748 (Includes C.O. Cost) .  
J. A. Jones backlag a t  month's end was $262,004. 
c b s e d  out during the month. 

Expendi- 
T o t a l  

Twenty-nine orders were 

EL cE&u 
Unexpended Unexpended 

No. Balance - No. Balance - 
O r d e r s  outstanding beginning of month 24 $ 273:938 6 $ 70,471 
Issued during the month (Inc.Supp.8~ AdJ.) 52 74,343 0 0 
J.A. Jones Expenditures during mnth  

(Inc. C.O. Costs) 135,283 w 4 - 5 5  
Balance a t  mnth's end 47 212,998 6 49,006 
Orders closed during lponth 29 19: 637* 0 O* 

* Face Value of Orders Closed 

Project CA-744 - Instal la t ion of ewipment i n  +,he 306 Building Addition is pro- 
gressing nicely and is ahead of schedule. 
ins ta l led  12 are set and two m r e  are in  the building. The Lump Sum Cont.ractor 
has been unable to energlze the e l ec t r i ca l  buses in the building as the cable 
f r o m  the pole l ine  to the transformer bank has not arrived. When the buses are 
energized 9 eqipment pieces will be scheduled for inspection by vendor representa- 
t ives a d  accep+,ance by operating personnel. 

Project CA-747 - The remval of con+,amfnst.ed eqpipment by plant forces i n  
231-2 Building is  on schedule and well within f'unds. 
of equipment have been removed and transpor3ed to +,he 328 Building for re- 
instal la t ion by J. A. Jones forces. 

A Lump Sum sub-contract for  plastering in the 308 Building was issued by Zones 
and plastering will begin 4/4/60. 
the p las te r  contractor gets thmugh with h i s  wcrk. 

W Of the 17 pieces o f  equipment to be 

Nine ou$ of 12 pieces 

Much of the Jones work is being help up un-uil 

The Monarzh Lathe Hood fabrfzation has been completed in  the WB shops and in- 
s ta l la t ion  is  scheduled to start .  4/11/60. 

The autoclave job in 306 Building i s  complete except insulation which can 
not be done u n t i l  Operations has ccmplet.ed hct tesfing a d  r u - i n .  
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u 
FACILITIES ENGINEERING OPERATION 

Projects 

There were 18 authorized projects a t  m n t h ' s  end with total authorized funds 
of $6,383,365. 
Four projects were completed and no new projects were authorized during the 
mnth. 
are i n  preparation. 

The total estimated cost of these projects is $7,972,365. 

One project pwposaJ was submitted to the Commission and three projects 

The following summarizes the status of HM project act ivi ty:  

Nunber of authorized pmjec t s  a t  month's end: 

Number of new projects authorized during month: 

18 

0 

4 Projects completed during the month: . 
CAE-827, Automatic Columbia ever Monitoring Station 
WH-840, Sheet Metal Shop Addition - 328 Building 
CGH-879, The High Temperature, High Pressure Autoclave 

CG-661, 
Faci l i ty  - 306 Building 

Additional Heat Generation Fac i l i ty  - 189-~ 
Building (Note: This project was considered 
complete with exceptions 8-31-59 and accepted 
by the using operation w i t h  exceptions ll-19-59, 
however, the pmJect  has been carried as an 

I active I project u n t i l  the Physical Completion 
Notice was issued March 4, 1960.) 

New pmjec t  mposals submitted to AEC during mnth: 1 
CGH-888, E i o l ~ g y  Laboratory Zmp~vements 

New pmjec ts  awaiting AEC approval: 2 
CGE-832, Full Scale Physical Constants Testing Reactor 
COH-874, Consolidation of Plutonium Metallurgy Fac i l i t i e s  . 

The attached project report details the status of  individual projects.  

Engineering Services 

Engineering w r k  perforased during the month included the following l i s t e d  
major items as well as final work on budget studles and preparatdry engineering 
f o r  project  proposals, 
Faci l i ty  and Field Servlcing Center f o r  AtaYDspheric Physics. 

The proposal work included the Stress  Rupture T e s t  
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T i t l e  

329 Building Cooling Problem 

- 
H-6 HU-6490 m 

Status 

Funds are now available. Procurement 
has started.  

Fire  Detection Syatrm - 146-FR Instal la t ion is essent ia l ly  complete. 

E lec t r ica l  Modifications - morn 2 4 4 .  - 
326 Building 

Field m r k  essent ia l ly  complete. 

E lec t r ic  Hoist - Graphite Shop - 
3730-C Building pro curemen+,. 

Refrigerated Air Conditioning 
mom 130 - U+~-FR Building 

Funds have been made available fo r  

An appropriation request is  being 
routed for  f’unds for  procurement zmd 
instal la t ion.  

Reactor %om Exhaust Ventilation Design is  complete. 
Control 326 Building Basement 

HLX) Area Iraprovements S%udy 

Pressure Vessel Study - 
Design Eddy Current Table 

A summary report was issued th i s  
mnth. 

This is a continuing work program 
involving vessels and safety devices. 

Desiepr complete. 

Investigate Coaxial Cable Between 
325 and 329 Building 

Engineering work completed. 

I n s t a l l  Sound Enclosure fo r  300 Ton 
Hydraulic Pump - 325 Building 

Additional Impmvenents to A i r  

Fabrication and ins ta l la t ion  work vas 
completed. 

F i l t e r s  are being procured. 
S q p l y  - 204 and 206 - 3706 Bldg. 

Laboratory Furnace Instal la t ion Engineering complete. Field work to 
Mom 39-B, 326 Building start i n  April. 

Alterations to  Negative Ion 
Accelerator - 3745-A Building 

Design complete. 
submitted . A Work Review has been 

Glove Boxes - 325 Building Engineering desi- has started.  

Equipment f o r  Cr i t ica l  Mass 
Studies 

Preliminary design i s  complete. Detail 
design has s+,arted. 

Revision to Drain System - Truck 
Access - 325 Building 

Preliminary design is complete. Detail 
design md ins ta l la t ion  to follow. 

Study Por3able and Process Water 
System - 325 and 329 Buildings. 

Work in  progress. ’v’ 
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Drafting and DesipJl Services 

Work load is constant with heavy backlog. 
Buildings are busy with steady m r k  loads. 
been perfonning 911 increasing amount of work for  the recycle program. 

Major design and drafting work in  progress includes the following: 

Branch offices in 306 and 308 
The central  draf t ing room has 

1. PRTR Gas Loop - In-Reactor (17 drawings - complete). 
2. 
3. 
4. 

Break  away Corrosion Loop (6 drawings - 4Q$ complete). 
Special Tools - Scope - High Level U t i l i t y  Cell - 327 Building. 
PRTR Fuel Element Rupture Faci l i ty  - 
a. Scope cf  supporting f ac i l i t i e s ,  i . e . ,  ewipment annex, w a t e r .  

plant, retention tank and outside l ines  - 7 drawings completed. 
b. Test Loop - 5 drawinga completed. 
Pm Cr i t ica l  Fac i l i ty  - Service piping, weir, shielding block and 
safety rods (approximately 7 drawings rewired  - 95% complete). 
Loading Ikck Encbsure - 321 milding (approximately go$ complete). 
A, B, and G Hand and Shoe Counter - (approximately 10 drawings completed). 
Ultrasonic T e s t  Tsnk - (8 drawings required - 20$ complete). 
Physical and Mechanical Pmperties Test Cell  - 327 Building - 
Eqyipment Scope ( 5  work sheets completed). 
Extrusion Tools for  700 Ton Press (8 drawings required - 6 drawings 
completed). 
Hood design for  gyro-chemical work. 

I n  addition to the above work, mlscelaneous small design-drafting jobs are i n  
progress including ProJect CG-681 "As-Built" wrk .  

5. 

6. 
7. 
8. 
9. 

10. 

11. 
v 

Approximately 245 drawings including sketches, work sheets, and formal drawings 
we-= completed during the mnth  of March. 

Maintenance and Building Engineering - Landlord Functions 

Costs: January - $ 161,558 
February - $ 152,204 
To ta l  through February - $1,081,572 

Analysis of Costs 

The $1,081,572 expended to date represents 74.1s o f  the annual budget, and 
101.45s of the expenditure predicted for  the first eight mrsnths of FY-60. 
Of the $15O,oOO budgeted f o r  improvement maintenance, $135,593 has bien 
epent and $14,400 committed. 

During th i s  mrsnth, the significant variants f i p m  the forecast are: 
maintenaxe overrun, $31,800; total u t i l i t i e s  underrun, $3,300; engineering 
overrun, $300; janitor and power operators overrun, $500. 
t h i s  month is $29,300. 
overrun of $14,900. 

Total 

The t o t a l  overrun 
This is  reduced by previous underruns t o  a FYTD 

1 2 5 2 8 0 0  



During March, maintenance routine orders were cancelled except 3 few cover- 
ing lubrication and inspection. 
urgent necessary work. 
will be a saving of about $2,000. 
reduced is  too l o w .  

Individual work orders were issued for  
Month's end work order runs indica*& tha t  the resu l t  

It now becomes clear tha t  the budget as 
It agpears tha t  the year end overrun w i l l  be about 

$40,000. 

Improved Maintenance 

Ittm - February FY to Februaq 

Hevting & Veatilatlon Correction $ 4,778 $ 62,373 
Relocation & Alteration 19,784 32,344 
Paint - 11,736 
Elec t r ica l  Improvements 593 2,040 
uf3ht-g 
Crane Instal la t ion 
M i s  ce llaneous 

413 - 24,910 - 1,777 

Tot& $ 25,155 $ 135,593 

TECHNICAL INFQR4ATION OPERATION 

Some pre lh lna ry  pmmtlon  work has been &ne to have Mbert  Gunning, 
nationally lmown author of "How t o  Take the Fog Out of Writing" present 
a course in "Clear Technical Report Writing" ay HAPO. The Education, 
Communication and Comaunity Relations Operation, Relations Operation, 
have begun negotiations and w i l l  meet M r .  Gunning i n  Seat5ie ear ly  i n  
April. 

The i959 annual inventory of Research a d  Developmen+, reports was completed 
Marih 25 with the following results:  
ou?standing frornpreviousyears; 2 copies cutstanding t h i s  year; o r  d t o t a l  
of 30 copies outstanding. 
Securi%y by m n t h ' s  end. 

u 

9,980 Liczountable ccpies; 28 copies 

The o f f i c i a l  results w t l l  be reported +A GE 

A description of the PRP Cri t ica l  Fac i l i ty  was submitted to ROO w i t h  J. re- 
quest thax the project be reviewed with the Division of Classification for  
t h e  purpose of declassif'ying a l l  information on the design, construction m d  
operation of the f ac i l i t y .  

The AEC and +,he DeparCument of Defense have agreed on a new policy fo r  the 
handling and review of  pho+&graphs Vhich do not, disclose Restricted Data 
but come within the in te res t s  of the Departmen5 of Defense. 
apsears to permit greater f l ex ib i l i t y  i n  within-plant handling of pho+agraphs 
i n  t h i s  Zategory. As soon as the  AEC Division of Classification qproves the 
HAP0 interpretaticn of the poiicy, it wi l l  be puC, intc  effect .  

The new policy 

UNCLASSIFIED 
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w 
Approval was received f r o m  the Division o f  Classification for  topics on 
rcactor production data which were proposed to the AEC November 1, 1959 
i n  HW-6ll50. 
only topics not approved as submitted. 
guidance or conversion factor information is forthcoming. 

The topics covering reactor conversion factors were the 
HOO advised tha t  additional 

Considerable time was spent during the mnth  in developing and defining new 
subdect categories fo r  Nuclear Science Abstrscts, the A E C ' s  nationally dis- 
tr ibuted abstract  Journal. This assignment was given a t  the last  Technical 
Information Panel meeting to the Library and Document Control Commlttee, which 
is chairmanned by the Manager, Technical Information. 
Committee members are being consolidated, together v l th  ideas f r o m  ELD 
technical people. 
used i n  the journal to arrange the abstracts for  maximum usefulness and 
locatabi l i ty  by the technical reader. 

Suggestions fmm 

The new categories, a f t e r  approval by the Panel, wiU be 

A detailed study has been made of the  time factors involved i n  the publication 
of fo& Research and Development reports.  
processing o f  the report fmm the day it is received in manuscript form by 
Technical Publications to the day that it is mailed of fs i te .  
some 20 reports studied was 155 days. While this  figure is high, it agrees 
reasonably w e l l  with the Commission-wide average of 22 weeks as reported by 
Arthur D. L i t t l e  in the i r  study of the same problem. 
is taken up w i t h  the mechauics of edit ing and publishing the report, and the 
reminder of the time with the required reviews and approvals p r io r  to o f f s i t e  

The study covered the complete 

Average for  

A h u t  half this  time 

w distribution. 

During the month teletype requests were received f r o m  the AEC requesting re- 
lease of 61 EW reports to the Wrogram. 
declassified.in an JU3C revlex now taking place. 
reviewed by supervision. Chief concern is that many informal, un-edited 
reports are being released to the public along w i t h  Hanford formal R & D 

These reports have recently been 
Each t i t l e  released has been 

repor ts .  

The verieying of keypunch records wae discontinued last month. 
was the f irst  opportunity t o  detemnine the degree of keypunch accuracy. 
emrs, or .OS$ errors, were detected f r o m  the mnthly update. 
that, other information was punched incorrectly, but not a e d l s t e l y  evident 
since there were no &let@ transactions involved. 

This month 

It is possible 
S ix  

Work Volume S ta t i s t i c s  

Document Distribution and Files 

Documents muted and discharged (copies) 19,105 14,969 

Documents sent o f f s i t e  (copies) 3,722 6,047 

Documents picked up and delivered 21,045 19,775 

Documents issued (copies) 14, m 12,127 

Document reserves f i l l e d  (copies) 842 810 

UNCLASSIFIED 
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March February - 
Document Accountability 

Holder8 of claosified doc\rments whose fi les 
were inventoried 303 409 

Documents Inventoried h Fi l e s  (copies) 9J 746 500 
Documents destroyed o r  retired (copies) 51651 4J 361 
Documents revised (copies) 054 585 
Documents pulled and documents f i l e d  (copies) 12,422 Uj 486 
Documents reclassified 406 274 

CONFIISNTIAL documents onsite 207 778 205,935 
Accountable copies of SECRET and WCUMENTED 

Reference and Publication 

Books cataloged (new t i t l e s )  135 
Books added to the collection (volumes) 251 
Ready reference questions answered by professional 

staff 180 
Literature searches by professional s t a f f  10 5 
Reports abstracted ( t i t l es )  269 
F o d  reports prepared ( t i t l e s )  ll 
Offsite requests fo r  RAW reports (copies) 330 
Reports released to C R  ( t i t l e s )  21 

Library Acwisit ions and Circulation 
Books ordered volumes) 

Books circulated (volumes) 
Periodicals circulated (issues) 
In&&r-Library loans 
F i l m  borrowed o r  rented 
Industrial film Showings 
Bound periodicals added to the collection 

Periodicals o r  6, red 

276 
276 

120 
76 

327 
7 

624 
27 

40 -- 199 
(Feb. & March) 

Library Collection 
Main Library W-10 Lib== 108-F Library Ind. Med. T o t a l  

No. of books 29, cm J 373 1,567 2,008 40,948 
No. of bound 

periodicals 13,408 1 1,431 96 14,936 - - 
42 408 3T4 2,998 2 104 55,884 

UNCLASSIFIED 
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Classification and Declassification 

Documents, including drawlngs and photographs 
reviewed for downgrading o r  declassification 

Documents and papers (intended for ora l  pre- 
sentation o r  publication) reviewed for  
appropriate classification 

Documents submitted to Declassification 
Branch, O a k  Ridge 

HW-64580 rn 
March February - 

98 45 

46 

3 

41 

13 

g4< Laboratory Auxiliaries 
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GEBERW, 

As of a r c h  3, 1960, tke  staff of Banford b'koratories totalled 1300 employees, 
i n c l u d i ~  618 exempt and 682 nonexempt. 
techaical degrees, including 312 E.S., 115 M.S. md 101 R . D .  

mere were 528 employees possessing 

The medicd t rectwnt  frequency for a r c t  was 2.01 8s compared with l.u last 
mntt .  There were 2 aecwity violations during the month, bringing the total 
for the year t o  date t o  6 a8 compared W'Atn 1 4  during the same period in 1959. 
An erxplojee of the Radiographic Test- Operation sustained a severe m, acical 
treatment injury t o  h i s  W d  on EIarch a d .  

Each iaboratories building was providtsl with placards containing icetmctions 
and the airway appliance fo r  the new mouth-to-wuth a r t i f i c i a l  resuscitation 
method. 

PRomsxow PLACEMEaglf 

Thirteen B . D .  candidates visited Richlaad f o r  interviews during March. Three 
offers were extended t o  Ph.D. candidates, and there are currently foqw offers 
open. Foliow-up v is i t s  were conducted w i t h  Chemistry and Chemical Engineering 
candidates a t  the University of Washington. 

W 

All.  -us visitations a m  completed for  1959-60 recruiting of BS/B gradustes. 
Follow-up visits were conducted a t  Oregon State, Wasklngtan and Montana State 
during March. 
acceptances received by month' 8 end, ana 128 offers cont.inulng open. 

Four Technical Graduates were added t o  the program rolls, and 8 accepted 
permanent assignments during mrch. 
for failure to nraiEtain a "C" average and tramferred t o  more suitable employ- 
ment. 

One hndred seventy-five offers heve been extended, with 31 

Two Technician 'Prainees were dropped 

An additional class in Applied Creativity was started t o  accommodate the rimer 
of semi-technical personnel who have expressed an interest in taking the course. 

A TV newsf ib  and newspaper stories on the ribbon-cutting ceremony a t  the 
Radiochemistry Celi have been approved and are scheduled for release in A p r i l .  

1 2 5 2 8 1 4  
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CClElPEIWATION 

P ~ i p = ~ t i o ~ s , ~ r e  ogde t o  ispleaent th.e Hew Nomxempt Salaq Plan w5.ic.k 
will become effective on April ll$ke 

.Bere wem 10 nonexempt vacancies fi l led 
18 new requisition8 and 2 cancellatione, there are e u r r e n t i y  U openings for 
which 6 candidates are in pzoccss, 2 transfers pending, anti 3 yet t o  3e groccreC. 

the month. With the receipt of 

=L 
&%ger, 
Prof esaioactl Placemxf 
and ReLslCions Practices 
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TBBIE II.NawE[EMpT EMPLO- 

NOnexsmO t Bndosment Status Feb m. 
Requieitions R.ansfers 

At end of month 5 l l  Active cases at  end of mo. 74 68 

Cancelled 

Received 

Filled 

Nonexempt Wansfera Reauest Feb, u 

: 3  2 Cancelled 1 4  

17 18 N S W  6 4  

14 10 'hansfers effected 3 6  

I 2 5 2 8  I b UNCLASSIFIED 
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C - Techrical Graduate and Technician Training Program 
Mortl; en=ng mrch 31, 1960 

TG Program 

Numter of Personnel on Assignment 47 
( W O  Tech Grad Program. e e 38 
(Western D i s t r i c t  E. P .  a o . .  a a 9 

Distribution of Assignmnts by Departnmts 

Distribution of Asrrignmnts by Function 

R&D or Engineering 
Other 

1 2 5 2 8 1 8  
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FIMlVCIAL OPERATXON MOIWELY REPORT 
MARCH 1960 

Personnel 

ltic Specialist - Mhssurements transferred to Operations Research ard Synthesis, 
effective March 1, t o  fill an existing vacancy. 

Activities 

G m  ACCOTRQING 

A special report on travel activity within the Laboratories was prepared and sub- 
mitted to  the HAPC General mer in response to  his request. 
lighted reasolt8 for the increase in travel and contained an estimate of t o t a l  
travel for Fy 1960. 

A new pcedure  was placed in effect. 
expenses in the month i n  which incurred. A lag of a t  least a week in the aceowit- 
ing procedures has been ellnlnated. 

The report high- 

This will result i n  reporting travel 

Meetings were held wlth a &Bee representative, c8pAo EWIP Speclalists and TecbnA- 
c a l  InfOFmation's IBM people to investigate mechanization of EWIP and discuss 
mutual problems. kBee tabulating eqpipent would not p v l d e  'all, the aecessary 
informtion required at a reasonable cost. 
Technical Information IBM people. Upon completion of this study a more camplete 
report of 0-2 findings will be submitted. 

!he inventories budget for FY 1962 and revision of FY 1961 was consolidated sad 
submitted t o  Contract and Accaunting operation prior t o  the due date. 
tories for  which fIanford Iaboratories are responsible w i l l  not vary sigrrificantly 
for the present except for Zirconium, Heavy Water, Spare Parts, due primarily to  
the Phtonium Recycle Rogrrrm, and BeryUum i n  support of Plutonium Metallurgy 
studies. 

mprther neetings are scheduled with 

Inven- 
. 

Twenty-six items valued at  $16,032, were received a t  the Laboratory Equipment 
Pocl Euilding during March. 
ferred in l ieu of placement of requisitions. 
currently located in  the storage area valued at $91,850. Wpnaxt moving into 
the storage area has been slower than anticipated, however, the number of calls 
and visitors requesting information on the availability of e q u i p n t  has 
increased considerably. 

"hree items valued at $1,055 were pemsaently trans- 
There is a total of 191 item 

A report of results of the annual witsessad physical inventory of reactor and 
other special msterials was issued by Contract snd Accounting operation. 
reported indicated improvement could be msde which resulted in a proposal being 
suhpitted to  the Section Manegers far their review and approval on March 8. 
proposal wil l  (1) eliminate the present nine HIX) custodians responsible for 
recording and reporting of all materials for gL0, (2) provide, in the Hu) 
Cen+ral Storage Area, a depository for  materials not in  use or occasionally 

Findings 

The 
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e used, mch ppry be sotred and/or available for use by more t k m  one holder, 
(3) m d e  cantral s c r e e n i q  of all gurchase requisitions against available 
supplies, (4) provide a c e n m  stockpills?g of scrap materials for shipment 
offsite. Bemfltra to  be obtafned from a central custodian are more efficient 
uti l lzstion of exlsting mterials which ahould result in dollar s a w s  and 
reduced inventosy levels. 

Rqemstioae were completed for the physical Inventory of movable catalog& 
apipuent in the custody of Chemical Research and Develop3nent Operation, to  
begin April ll, 1960. This is the f3nd  inventory of movable equipment fcr 
fiscal gear 1960. 

The physical invurt;osy of movable cataloged equiparent in the custody of Reactor 
and Fuel8 R8sD Ope!mtion cmthues.  
the large number of unlocated and/or recorded equipment ?ound during the 
intrentory. 

!l!hl.a inventory is behiad schedule due to 

In reapanse to  a reqpest of cartract and Accounting Operation, HLG's forecast 
of Zirconium 8ponp ard Bgn3ium reqrriFemenfis for FT 1960 through FY 1963 -a 

aad sub i t t ed  far their use. A total .  of 8 tons of ztrconium sponge 
was forecasted ror B];O comq#red to 135 tons for total HAPO. 

Reparation of the Operating Cost Budget for FY 1962 and Revision of Budget for 
FY 196l is esse&laUy ccmrplete. Approval of Section Managers have been 
obtained am3 the coneolidsted W o r d  Iaborstories' operating cost budget w i l l  
be suhnitted to Contract Accounting d u r a  the first wetk of A p r i l .  
t ion o r  the Proposals for Resesrch aad Development represected a significant 
effort by 
~ r o p o s a i s  consisting of 335 pages of iyyped material. 

W 

Pre-3- 

people in Efanfard Iabratorfes  d u r w  the math; there %?re 66 

The uperatins cost control budget for Ham3x-d Iaboratories was adjusted d w i q  
Ikrch to  reflect  chrnges in authorized frada as fcUms: 

. (I) ~+=ovisio;? to  reflect cvhit of GSS cooled b o p  pzojecf as $ 855 om 
operating costs ratker than eqaipment 

Increase in Research and Devebpment authorizations fkcm 
m: (2) 

(a) Reactor I (Chemical R&D) 
(b) Metallurw 11 (Reactor and Fuels W )  
(c) new Productton Reactor (Reactor and f ids  W )  

(3) -fer of operating cost fupjls t o  empmrest ws in the 
following p r o m :  

(a) Plxtonium Ceramics Research 
(b) In-Reactor Measurements 
(c) Atsloypheric Diffusion Studies (Air Fcree) 

(4) -crease in budget t o  provide far TeehnieaL Graduate 
asaigsnent 3 

I 2 5 2 8 2 0  
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( 5 )  Iacrease of $68,000 in ~ u i l d i n g s  and Utilities budget t o  
provide necessary ftmding for belance of f iscal  year 
(this represents and intezmztl HLX) adjustment - no increase 
in  net costs) 

W 

A special request was received by Ea.uford Laboratories d u r i x  March t o  fabri- 
cate plutonium t e s t  -es for tht Bettis Plant in m e  amount of $10,000. 

Tm new program codes were established during the -mth for: 

(1') 

(2) 

.22 Gas Cooled Power Reactor Imp - Ihe AEC has reclassified the manner 
of funding the  loop project f'rom equip& t o  research asd development. 

.24 Grsphite Contraction Studies - 4000 Program Reseazch and Developmeat. 

Initiai data on fabrication time, material costs and reject  rates for the U02 
PR'lR elemelrts hsve been obtaincd and the calculation of the f'und, cost for the 
first loading is neesing completion. Data are currently being accumulated as 
the fabrication progresses for the &-A1 elements for t4e first loading. 

The coding system for accumulating maintenance cost d e w  for PRlR operations 
has been discussed w i t h  Data Processing, Rocedures and Cost Accumulation 
personnel aad their concurreme obtained. Through this system we w l l l  provide 
cost de ta i l  by type of maintenance (emergency repairs, planned pIELIntene,nce, 
modifica+,ions, etc.) by specific piece of e@-, and also t o w  maintenance 
each month on about 40 eqpipent systems within the reactor facil i ty.  

Ey l e t t e r  of March 14, 1960, flwm Con-ct ard Accautlting Operation, our Mlscel- 
leseous Capital Work Order f'unds were? increased t o  $135,000 for ZY 1960. 
Constant review of all Incomplete orders now authorized is in effect. 
as Mxrch costs are kncrwa, a c q l e t e  analysis of our rurrd position w i l l  be 
prepared. 
authorize the animal fajrm disposal system estimated a t  $15,200. 

I 

As 8ool3 

It is apticipated that sufficient funds should be available to  

Ivumber of HIX) alployses - Tcrtal B c e m p t e ! ! &  

mloyees on Payroll at Beginnin@ of Month 1 305 619 686 
Additions and prrnsfers In 12 9 3 
Removals and 'Drrmsfers Out 17 - 10 2 

Chasges Arring Month 

Bpployees on pkyroll at End of Month 618 
I 

682 
1. 
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T o t a l  I 

Maxch February 

$930 071 

lkrch February 
Percept loumbGr Percent !!!Ew 

I 136 9 9 . 5  1 132 99.5 
Insurance Plan 

U.S. savings Bonds 

personal Covarage 
Depemdexrt Coverwe 

Stock -8 P b l l  78 
89 saving - 

savings and security plrrn 

39.1 70 39.0 
6.0 92 7.1 

1025 83.7 1028 88.9 

Insurance Claims 
Ehrployee Benefits 

L i f e  Insurance 
Weekly Sickness and Accident 
Caqrehensive Medical 

Comprehensive Medical 
Dependent Benefits 

Go~a Neighbor Fund 

loumber Participating 
Fkrcernt PartlcipatlzM 

W. Ssde:bk 
4-12-60 

93.7 
70.5 

281 - $ i i  
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INVENTIONS OR DISCOVERIES 

Al l  persons engaged in work that might reasonably be expected to 
result in inventions or discoveries advise that, to the best of their knowledge 
and belief, no inventions or discoveries w e r e  made in the course of their 
work during the period covered by this report except as listed below. 
persons further advise that, for the period therein covered by this report, 
notebook records, if any, kept in the course of their work have been 
examined for possible *hventicmrs or discoveries. 

Such 

INVENTOR 

Wallace W. Schulz 

R. H. Moore 

w 
L. L. Ames, Jr. 

TITLE OF XNVENTION OR DISCOVERY 

The Use ofSmall Concentrations of 
Nickel (119’ Nitrate to Modify the Rate of 
Dissolution of Aluminum Metal by Nitric 
Acid-Mercuric Nitrate! Solutions. 
A PyrochsmicaE Method far Separation 
of Uranium and Plutonium Applicable to 
Ceramic Fuels Reprocessing. 
Cesium Removal from Aqueous, High- 
salt Solutions into Crystalline BaS04. 

W . 
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