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BUDGETS AND COSTS 

July operating costs  totaled $2, 067, 000 o r  870 of the $26, 371, 000 tentative control 
budget. 
and the proposed departmental  allocation of funds by the General Manager, HAPO. 

The budget is based on data contained in the initial AEC financial plan 

Hanford Laboratories r e sea rch  and development costs for July, compared with 
the tentative control budget are as follows: 

(Dollars in Thousands) 

July Cost 
HLO Programs 

02 Program 
04 P rogram 
05 P rogram 
06 P rogram 

FPD Sponsored 
IPD Sponsored 
CPD Spollsored 

Total 

$ 37 
755 

61 
197 

1050 
105 
100 
108 

$1 363 
- 
- 

Annual 
Budget 

$ 605 
9 930 

993 
2 665 
14 193 
1 4 0 0  
1 3 2 5  
1 5 2 5  

$18 443 

70 
Spent 

6 % 
8 
6 
7 
7 
7 
8 
7 

- 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

PRTR power tests w e r e  resumed on July 3, concluding an extended outage 
of about s ix  weeks. 
July 21, and w a s  maintained for  60 hours. From a physics standpoint, 
reac tor  operation is as anticipated. 
existence of one o r  more failed fuel elements in the reactor.  

Full power of 70 Mw w a s  achieved for the first t ime on 

Accumulated evidence indicates the 

A preliminary evaluation of the heat removal performance of certain of the 
PRTR auxiliary sys tems made during reac tor  operation at 35 and 45 MW, 
indicates that the moderator heat removal system wi l l  operate satisfactorily 
at designed operating conditions but that the reflector system heat load is 
l a rge r  than anticipated and may require  periodic cleaning of the heat exchanger 
surface o r  adjustment of operating conditions i f  significant surface fouling 
o c curs  . 
In ex-reactor fretting tests of prototypical PRTR process  tube-fuel element 
assemblies,  fretted a r e a s  2 to 5 mils deep developed on the process  tube 
within two weeks at the fuel support a r eas  each t ime the position of the fuel 
element w a s  changed. 
significantly with increasing exposure time. 

However, the depth of pitting did not increase 

I 2 3 b 1 2  I DE W E D  
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Examination of a Zircaloy-clad plutonium-aluminum alloy fuel element 
which w a s  in the PRTR at the t ime of the chloride and fluoride contamination 
showed no increase in hydrogen content around the pitted area. 
elements recently discharged from PRTR have been excellent in external 
appearance. 

U 0 2  

On the basis of PRTR neutron flux measurements made through the pr imary  
shields, it is concluded that core  gamma leakage rather than piping activa- 
tion will be the major  component of shutdown dose rates. 

Prel iminary tests of a powder loading machine for  incremental  loading of 
P u 0 2  - U 0 2  fuel elements indicate that plutonium distribution can be controlled 
to within plus o r  minus five percent of a nominal 0. 5 weight percent plutonium. 
Experiments to produce uniform feed for  incremental  loading have shown 
that -325 mesh U 0 2  and -02  powders can be blended to a maximum var i -  
ation of plus o r  minus 1 . 5  percent plutonium content. 

Pulverized arc-fused U02 w a s  found to evolve 0.275 cc of gas  per  g ram at 
1000 C. The gas  evolved is principally nitrogen. 

Studies on plutonium carbide and the system plutonium carbide-uranium 
carbide continued. 
ZrO2 irradiation specimens w e r e  performed. 
resist ivity and thermal  emf of plutonium ceramics  is being initiated. 

Synthesis of plutonium sil icides and fabrication of Pu02 - 
Measurement of e lectr ical  

Pre- i r radiat ion reactivity measurements of Phoenix fuel capsules are 
nearly'finished and irradiation of the samples in MTR is about to  proceed. 

The final repor t  on tne Supercrit ical  P r e s s u r e  Power Reactor (SPPR), 
HW-68420, "Economic ,Evaluation of a 300 MWe Supercrit ical  P r e s s u r e  
Power Ileactor, " has been completed and is being prepared for  publication. 
It is concluded that the main unknown to the successtul  exploitation of the 
supercr i t ical  p re s su re  concept is the long exposure, high temperature  
propert ies  of i r radiated Hastelloy "X", the p re s su re  member mater ia l  
selected for  this study. 

4 

5 L  '4 

t 

In NPR fuel development studies (tubular, Zircaloy-clad, metallic uranium), 
examination of elements i r radiated to 1200 and 2000 MWD/T showed 
continued good irradiation performance by the Be -2r braze  closure. Also, 
an empir ical  equation w a s  developed which correlates  irradiation tempera-  
t u re  and burnup with swelling, elements i r radiated in a high flux gradient 
were shown to warp in the plane of the flux gradient, and in-reactor rupture 
testing and post-irradiation defect testing continued to show increased fuel 
element damage with increased fuel burnup. 

Capsule irradiations of uranium metal have established an irradiation 
temperature  below which cracking does not occuri  
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The oxidation and hydriding behavior of Zircaloy-2 and -4 in a simulated 
NPR gas atmosphere a r e  being compared by paral le l  capsule tests in- and 
ex -reactor.  

Contraction rates of EGCR graphite samples  during the second 20, 000 EGCR 
MWD/AT exposure in the GETR do not show the beginning of contraction 
saturation, but were  actually slightly higher than during the first irradiation 
period. Samples have been recharged for  a third exposure period. 

Chemical Research and Development 

The high alum reac tor  water  treatment process  at F Area was found to 
reduce the concentrations of the Cu-64 and As -76 radioisotopes, originally 
formed by upstream reac tor  operations and present in the F reac tor  source  
water ,  by 10 and 40 percent, respectively. Little change in concentration 
was noticed for  Np-239, Na-24 and Cr-51. 
Area  is substantially lower than that anticipated assuming the As -75 parent 
behaves as does As-76 in the high alum w a t e r  t reatment  process.  

The production of As-76 at F 

Prel iminary laboratory resul ts  indicate that no significant release of fission 
products f rom an NPR fuel element would occur during the first hour after 
loss of coolant providing the fuel temperature  does not exceed 1200 C. At 
1300 C loss of the Zircaloy cladding protection can be expected in t imes  
less than one hour with the anticipated resu l t  that fission gases  would .be 
re  leased. 

Final inspection and evaluation operations w e r e  completed on the loaded 
(120 kilocuries Sr-90) HAPO-IU strontium carbonate shipping cask. 
P r e s s u r e  buildup after sealing the cask w a s  less than one psig over a 
24-hour period. 

a 

i -  

I 

Laboratory studies on solvent extraction and precipitation processes  show 
promise of utility at the Hot Semiworks and the Purex  plant, respectively, 
for  the acquisition of a mixed rare ear th  product which is relatively f r e e  of 
cer ium and strontium radioactivities. The mixed rare earth product is of 
importance since this mater ia l  is required as feed for the ion exchange 
separation and recovery of a final, purified promethium-147 product. 

Prel iminary laboratory studies indicate sodium tetraphenyl boron (dissolved 
in an iner t  organic diluent) to be effective for  the extraction of radiocesium 
from high level was te  supernate solutions. Cesium distribution coefficients 
a r e  extremely dependent upon the nature and concentration of diluent. 

The presence of stable cobalt salts in mixed NPR decontamination waste at 
concentrations of 10 to 100 ppm w a s  shown to effect a substantial improve- 
ment in the scavenging of radiocobalt by freshly precipitated manganese 
dioxide. 

1 2 3 6 9 2 3  
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3. Physics and Instrument Research and Development 

The experimental program in the new Cri t ical  M a s s  Laboratory, which got 
under way at tne end of last  month, continued with measurements on 
plutonium nitrate solutions in a 14-inch diameter unreflected sphere. None 
of the solution concentrations used produced criticality in the unreflected 
sphere, but the addition of a par t ia l  reflector allowed achievement of the 
f i r s t  cr i t ical  in the laboratory on July 21. 
reaction w a s  obtained with a more  dilute solution. With the exception of 
some valves, the equipment operated satisfactorily. 

A week later a second chain 

More l iberal  nuclear safety l imits for the processing and storage of NPR 
fuel elements and for  other slightly enriched elements have resulted from 
an improved extrapolation and interpolation from available data. 
while  development continued on methods for treating the interaction betweeh 
vessels ,  pipes, etc. ,  each of which is not c r i t i ca l  by itself. 

Mean- 

Continuous running tes t s  on the mockup of the backup N P R  fuel failure 
monitor were resumed following incorporation of improvements suggested 
by previous accelerated tests. Three weeks of satisfactory operation had 
accumulated at month end. 

Measurements have begun to determine the changes in control rod strengths 
and other physics properties which would resul t  from the proposed retubing 
of C-reactor.  
t ial  experiments have increased confidence in the resul ts  by removing a long 
standing discrepancy in interpreting experiments of this type. 

Meanwhile improve me^ s in techniques for analyzing exponen- 
' 

Detection of cracked reactor  r e a r  face fittings by ultrasonic methods was 
demonstrated on pieces with simulated cracks. 

A new idea for a last ditch safety system fuse for the PRPCF is being 
evaluated in the laboratory. 
a capiilary wi l l  provide a faster  response than did thermostat  schemes 
previously tested. 

It is hoped that fission heating of mercury in 

The extent of hydriding of Zircaloy-2 may be determined nondestructively 
by use of Hall coefficient measurements according to promising resu l t s  
obtained in laboratory tes t s  on concentrations between 5, 000 and 15, UUU ppm. 
Use on lower concentrations may prove infeasible due to the complex re la -  
tionship between Hall coefficient and concentration in that range. 

Fuel cycle analyses of the APWR and Dresden reac tors  continued. Mean- 
while analyses of Th-U-233 cycles has indicated the importance of Pa-233 
burnout and has prompted a search  for the best data available on the c ros s  
section of that isotope in the resonance energy region. 



ix 
1 7 1  

HW-70658 

Development of automatic reactor  control systems continued with analytical 
studies and development of a device to read out control rod positions for 
reactor  experiments. 

Increased understanding w a s  achieved in the field of atmospheric diffusion, 
where a method for treating cases  involving changes of wind direction near  
the ground was developed; and in radiation physics, where a study of the 
fundamental field equations of radiation dosimetry was completed in collabo - 
ration with Dr. Rossi of Columbia University. 

Accomplishments in the radiation measurement field included completion of 
development and testing of the automatic film badge densitometer; improve - 
ments in techniques which produce more uniform thermoluminescent 
dosimeters;  satisfactory test resu l t s  on a newly developed versat i le  
sensitive radiation detector for F ro jec t  Chariot; and borrowing from the 
vendor for testing fo r  possible use  in the Whole Body Counter of the largest  
NaI  scintillation counter ever made. 

4. Biology 

Death from columnaris infection of juvenile rainbow trout held in troughs 
supplied with regular  Columbia River water w a s  shown to occur only under 
crowded conditions -- no deaths with 150 fish per  trough, 2.270 mortality 
with 450 fish per  trough, 3.470 with 900 fish per  trough. The extrapolation 
of data obtained in hatchery troughs under crowded conditions to r ive r  
conditions is very questionable. 

The virulence of columnaris s t ra ins  was shown to be correlated with their  
proteolytic activity, suggesting that their  ability to attack fish is related 
to the activity of the protein-hydrolyzing enzymes of the organism and 
offering a possible means for easy identification of virulent s t ra ins .  

Ten months following intradermal  injection of plutonium nitrate, 3 to 470 
of the injected dose remained at  the injection site in those animals where the 
scab resulting from the injection w a s  removed surgically. 
with 30 to 4070 retention at the s i tes  where scabs were left intact. 

This compares 

Studies of the t ransfer  of radioisotopes to milk in sheep indicate that 
plutonium levels in the milk at seven hours '  post-injection a r e  only about 
570 of the average concentration in the plasma during the preceding post- 
injection period. 
about equal to the average plasma concentration. 
centrations in milk over a 24-hour period ranged from 15 to 25 t imes the 
concentration in the blood plasma. 

In the case of Ce144, the concentration in the milk is 
In the case of 1131, con- 
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5. Programming 

Computation efforts were greatly accelerated during July (at the expense of 
other activities) in compliance with a special  request by the AEC that all 
possible information on value of plutonium and of uranium-233 be assembled 
by August 11, 1961. Fiss i le  plutonium values about 50% grea ter  than the 
pr ice  for  fully enriched uranium are being encountered for the hypothetical 
case of high exposure plutonium used with natural  uranium as fuel for the 
Advanced Pressur ized  W a t e r  Reactor described in TID-8002. 

TECHNICAL AND OTHER SERVICES 

Continuing study of the use  of polynomials to descr ibe irradiation induced fuel 
element distortion has shown that this method has severa l  advantages over the 
method traditionally used. It permits  classification of distortion into one of twenty- 
four different types and provides an objective means of detecting those fuel elements 
with unusual distortion and those which were  probably measured with gross  e r r o r .  

A method of estimating the slope parameter  in the rupture  model has been developed 
using information only from lots which sustained ruptures. 
generalized rupture model which permits  each lot to have a different location (or 
intercept) parameter.  Confidence l imits w e r e  also found. 

This was done under  a 

Boolean mat r ices  have proved to be a useful tool in analyzing sys tems f o r  re l i -  
-ability. Several  examples of the application of this technique have been worked 
out, including a pract ical  demonstration of reliability analysis as applied to a 
standby electr ical  power system. 

An IBM 7090 Program designed to obtain numerical  solutions to transient s ta te  
non-linear diffusion problems has been written and is in the process  of being 
tested. The program has thus f a r  been res t r ic ted  to one space dimension s lab 
geometry with fairly simple boundary conditions. It is planned to extend the 
program to more  space dimensions as well as to a cylindrical geometry. 

There were no new cases  of plutonium deposition confirmed during the month. 
The total number of plutonium deposition cases  that have occurred at Hanford is 
267 of which 193 a r e  on the active roles.  

The incremental increases  up to 70 MW in power level of the PRTR did not cause 
any significant radiation control problems. 
s tar tup and changes in power level was frequent. 
the a i r  contamination displayed the character is t ic  half-life of the short-lived 
noble gases,  Xenon and Krypton, and their  decay daughters. Radiation surveys 
of the reactor  during incremental power increases  reveal  a generally linear 
increase in dose ra tes  at selected locations near the pressur izer  vessel. 
Although the presence of tr i t ium was measurable in bioassay samples of PRTR 
personnel, the concentrations detected had minor radiological significance. The 
discharge of aqueous and gaseous radioeffluents from the PRTR during operation 
and up to a power level of 70 MW were well below the recommended levels. 

Air contamination associated with 
Without exception, however, 
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Some difficulty was experienced in maintaining good radiation control at the Hot 
Semiworks facility. Pressurizat ion of the atmosphere of three cells at the Hot 
Semiworks caused excessive a i r  contamination with radiostrontium. Ten HLO 
and one CPD employee w e r e  bioassayed. Four of the involved persons showed 
positive but minor deposition of strontium. Release of radioactive materials 
f rom the Hot Semiworks stacks during the most recent  process run w a s  lower 
by a factor of 50 than re lease  rates that were measured pr ior  to the installation 
of the additional ventilation fi l ters las t  month. Stack filter samples taken up- 
s t r eam and downstream of the filter indicated an overall  efficiency of 99%. 

An ae r i a l  survey flight made over the Columbia River from Hanford to the f . / -  \ '  

Pacific Ocean showed a three-fold increase in radiation level of the mud flats 
at  the mouth of the r ive r  a s  compared to the surrounding terrain.  
made to obtain core  samples f rom these mud flats for isotopic analysis, 

Plans were f 

1 

There a r e  20 currently active projects having combined authorized funds in the 
amount of $5,493,000. 
Total expenditures on them through June 30, 1961 were $1,992,000. 
project proposals have been submitted requesting authorization of $658, 000 
-total project funds on 5 new projects. 

The total estimated cost of these projects is $10, 778, 000. 
In addition, 

The f i rs t  draft  of the General section for  the new local classification guide for 
Hanford was distributed to select  HAPO personnel for review and comments. 
This section covers the general  aspects of Hanford and its operation such as 
site description, maps, photographs , utilities, construction, etc. Work on 
drafting the B e l s  Preparation section for  the new guide is being undertaken. 

Advanced Degree - Four candidates visited HAPO for professional employment 
interviews. Nine offers were extended (all HL - two were joint offers with IPD 
and FPD); four offers were accepted (all  HL) and four (all HL) were rejected. 
Current open offers total eleven. 

BS/MS - Five experienced candidates visited for interviews; eleven offers were 
extended; six acceptances and five rejections were received. 
total eleven. Program recruitment consisted of one extended offer, one 
acceptance and one rejection. 

Current open offers  

Technical Graduate Program - Seven Technical Graduates were placed on 
permanent assignment. 
and one terminated. 

Thirteen new members were added to the program ro l l s  
Current program members total 86. 

Tentative assignments in HL and IPD have been agreed upon for four members of 
the AEC Technical Training Program. 
September. 

The t ra inees  will a r r ive  ear ly  in 

Nineteen requisitions were filled during the month with a total of 32 active 
requisitions remaining to be filled. 

I 2 3 b 9 2 1  
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There were two security violations during July and 38 me'dical treatment injuries. 

Investment in Plant and Equipment at June 30, 1961, amounted to $67, 300,000 
compared with $43,900,000 at June 30, 1960. The increase of $23,400, 000 
consists principally of major projects such as PRTR, PFPP, and 306 Building 
Addition. 

for Manag& 
Hanford Laboratories 

HM Parker:WHFt:mlk 
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPEDATI(J!I 

TECHNICAL ACTIVITIES 

 FISSION^ MATERIALS - 2000 PROGRAM 
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1. METALLURGY PROGRAM 

Corrosion Studies 

In-Reactor Hyas iding Corrosion Capsule. 
and Zircaloy-4 al loy samples w a s  cnarged in to  the 2-A side-to-side test  

A capsule containing Zircaloy-2 

hole i n  KE Reactor on July 20. The t e s t  w i l l  compare the oxidation and 
hydriding behavior of samples exposed t o  a simulated NPR gas atmosphere 
in-reactor w i t h  a para l le l  test  conducted ex-reactor. 
include surface condition (as etched, autoclave surface) and test  tem- 
perature (nominally 325, 375, 425 C). I n i t i a l  indications are that  the 
monitoring and temperature control c i rcu i t s  are functioning properly 
although pa r t i a l  evacuation of the helium atmosphere in the cooled t e s t  
hole chamber w a s  necessary t o  achieve the maximum design temperature. 

Test variables 

Erosion Corrosion of Aluminum Alloys. 
t o  300 Area tap water adjusted t o  pH-8 at  lo5  C and a flow velocity of 
88 ft /sec f o r  six hours. 
the cross-sectional area of the corroded groove which w a s  165 mils2. 
The depth of the groove w a s  6.5 mils. 
t o  the same conditions as above except that 0.05 ppm sodium dichromate 
w a s  added t o  the waterL The result was no measurable corrosion fo r  the 
six-hour t e s t .  Further t e s t s  are planned using other alloys and water 
conditions. 

Samples of x-8001 were exposed 

The amount of corrosion w a s  measured by taking 

Another s q l e  of x-8001 was exposed 

Corrosion Resistant Coatings fo r  x-8001 Aluminum. 
dual cycle application of a protective autoclave coating f o r  aluminum 
fuel  element jackets is  being investigated. The i n i t i a l  autoclave t rea t -  
ment has been limited t o  deionized water or steam and i s  intended t o  
prevent "worm-trackhg" during the subsequent chromic acid autoclaving 
step. 
element jackets f o r  inclusions o r  defects, before a final treatment i n  
chromic acid which produces a dark f i l m .  

The f eas ib i l i t y  of a 

Either process would allow f o r  a suitable inspection of the fuel  

An accelerated corrosion test  for  the autoclave coatirds is being eval- 
uated. Corrosion resistance i s  estimated from the average of weight 
losses i n  boiling 5s  sodium carbonate, and i n  boiling 1% HC1-3$ N a C l  
solution. 

Currently, experiments are being conducted t o  determine which of the 
i n i t i a l  coatings, water or  steam, w i l l  provide the best base f o r  the 
chromic acid treatment. 
and temperatures f o r  the water or  steam and the l$ chromic acid cycles 

Subsequent t e s t s  w i l l  establish optimum time 

1 2 3 b 9 2 9  
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Radiometallurgy Laboratory Studies 

Data are currently being analyzed f o r  l o  nickel-base super alloy ir- 
radiated samples which were tensi le  tested a t  TOO C (RM-511). 

Results of fue l  examinations performed during the month are reported i n  
other portions of t h i s  document. 

Basic hbtallurgy Studies 

Electron and Optical Microscopy. 
metals has continued. High purity, annealed aluminum wires, .0.003" OD, 
were coate on a side with Uo;! and then irradiated t o  exposures as high 
as 2 x 10" nvt (thermal). After embedding in epoxy resin, thin trans- 
verse sections, approximately 200 A thick, were prepared by microtoming. 
Examination i n  the electron microscope did not show positive evidence o f  
f iss ion fragment damage. Since recovery of damage i n  bulk aluminum may 
OCCUT at ambient temperatures, similar irradiation a t  lower temperatures 
o r  with higher melting point metals is being considered. 

Study of f iss ion fragment damage i n  

High Strength Zirconium Alloys. The heat t r ea t ab i l i t y  and mechanical 
properties of eight alloys are being studied i n  an e f fo r t  t o  evaluate 
a high strength zirconium base alloy fo r  reactor applications. 
heat treatments consisting of quenching alloy coupons from 850 and 800 C 
show the following alloys quench harden considerably: 
(2) Zr - 0.5% Nb - 0.5s V, (3) Zr - 1% Nb - 2% Sn - 1.6 V, and (4) Z r  - 
3$ mb - 2$ Sn - 0.14 Fe - 0.054 N i .  
2.54 Mo and 2% Sn + 2$ V hardened only s l igh t ly .  Two other alloys, Z r  - 
2.0% Sn - 1.6 Nb - 1.04 V - 0.5% C r ,  and Zr - 15 C r  - 1% V - 0.5$ Nb 
have not y e t  been heat treated.  

I n i t i a l  

(1) Z r  - 1% V, 

Alloys of zirconium w i t h  4.0$ Sn + 

Skull  Meltiq. 
skull melting attachment f o r  the consumable arc furnace. A proposed 
design f o r  an NPR mixer piece w a s  cast .  me part  consists of a four 
fluted sp i ra l ,  three inches long by 2-3/4 inches OD. Two par ts  per heat 
were cast .  These two test heats demonstrate the f eas ib i l i t y  of making 
small complicated par ts  of Wrcaloy f o r  reactor hardware. Corrosion 
studies and metallurgical evaluation of the castings are i n  progress. 

Two.successful Zircaloy-2 heats have been made using the 

Zirconium Alloys of Variable Tin and Oxygen Content. Electrode prepar- 
ation is under way f o r  the double vacuum arc melting of seven zirconium 
base alloys. 
ranging from 0.10 t o  1.50 percent. 
different oxygen levels, 1300 ppm and 560 ppm, representing 143 BHN and 
120 BHN sponge, respectively. 
used t o  study the effect  of t i n  and oxygen on the extrusion constant of 
Zircaloy. 
lead t o  a more uniform clad thickness. 

These alloys are a Zircaloy-2 composition w i t h  t i n  contents 
Each alloy w i l l  be made using two 

Materials fromthese 14 ingots w i l l  be 

A zirconium cladding w i t h  a lower extrusion constant could 
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Metallic Fuel Development 

Fuel Irradiations. The production brazed irradiation test GEH-4-63, 64, 
vas placed in the M I 3  on July 7, 1961. This test is a sequel to GEH-4-57, 
58, which was the only brazed end closure failure obtained to date. The 
objective of the irradiation is to determine whether a shear failure mech- 
anism is operable with production brazed material. In order to obtain a 
flux pattern, flux wires were placed in the reflector block to determine 
the flux during each cycle and another attached to the basket for the 
integrated flux. 
of 62 kw/ft. 

This test was calculated to operate at a specific power 
Six ME3 cycles of irradiation were requested. 

Another test, GEH-4-68, 69, 70, is being prepared to provide a comparative 
irradiation on the effect of braze thiclmess. Production brazed I&E fuel 
with 0.015 and 0.030-inch wide braze will be used. This test will develop 
81 kw/ft . Five KIlR cycles have been requested. The charging date has not 
been determined. 

Radiometallurgical examination of two =-size tube-tube metallic ele- 
ments has begun. 
observed. This warp appeared to be a maximum at the corresponding in- 
flection point on the flux map. The bow appeared to be toward the re- 
actor core. 
The closure was brazed with the 12 Fe + 4 Be + Z r y  brazing alloy. 

An increase in double throw warp of 0.120 inch was 

This test operated at 320 kw/ft and was exposed to 1200 MWD/T. 

Radiometallurgical examination of KSE-3 single tube fuel elements is con- 
tinuing. 
1200 IUIWD/T element indicated 70 ppm hydrogen; a concentration approximately 
twice that expected. 
dicate a 1.35 percent increase in volume. 
1.3 percent as determined by fuel element displacement measurements made 
in the reactor basin follwoing discharge. Additional sections of the 
closures of the 2000 W D / T  elements have been made, and some fine radial 
cracks across the uranium wall in the braze-closure heat-affected zone 
have been seen. These cracks terminate at the clad. No deficiencies 
have been noted in the Be-Zr brazed closures. The three percent fuel 
swelling observed in these fuel elements has produced some distortion of 
the inner bore by buckling of the inner clad, 

Hot extraction of hydrogen from a clad sample obtained from a 

Pre- and post-irradiation densities of the fuel in- 
This compares very well with 

An empirical expression for the swelling observed on the 1200, 2000, and 
3600 MWD/T KSE-3 s (1 .O to 5.4 percent ) has been derived which relates the 
swelling to the 1.7 power of the burnup and the temperature (T - 340 C) 
in the range of mean fuel temperatures of 400-470 C. 

Radiometallurgy examination of three Ksm-1 fuel elements (obsolete N 
inner-tube geometry) continued during the monm. 
failed in KER after 1700 W / T  exposure. 
stress incompatibility existing between the fuel and the welded end caps. 
Density decreases show an appreciable dependence of swelling as a function 
of burnup and temperature. The density decrease of the coolest element 

One or the three had 
The failure was due to thermal 

(0.204 percent bufiLup at 450 
cent for the hottest element 

C) was 
(0.256 

about one percent 
percent burnup at 

compared to 2.6 per- 
470 C) m A third 

t 2 3 b 9 3 1  
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element contained a U - c  wjo ir alloy fuel .  
indicates t h a t  swelling was approximately 25 percent greater than would 
be expected i n  an equivalent unalloyed fue l  element. 

The measured density decrease 

The seventh i n  the current series of in-reactor rupture t e s t s  w a s  per- 
formed at  the ETR using an NPR inner tube fue l  element pre-irradiated 
t o  1670 W / T .  
ac t iv i ty  began increasing. During the next five minutes the ac t iv i ty  
continued t o  increase and the tes t  w a s  terminated. Although the results 
of the seven tests have not yet been completely analyzed, the following 
conclusion seems warranted: Irradiat2d fue l  elements have shorter incu- 
bation periods and corrode more rapidly following the incubation period 
than do unirradiated fuel elements of the same geometry. 
the result of internal cracking of the uraniumwhich occurs a t  high ex- 
posures, thus exposing a greater fue l  surface t o  the attack of the water 
coolant once the cladding has been penetrated. 

Nine minutes after the deiect cap w a s  sheared off ,  loop 

This is primarily 

Three 18-inch long coextruded fue l  elements representing a major modifi- 
cation of an NPR inner fue l  tube are  being prepared fo r  irradiation. 
These fuel elements have a 0.440-inch inside diamter  but, instead of 
a circular outside cross-section, the section contains s i x  cusps. 
shape is a modified hypocycloid.) 
is  t o  avoid pure tensi le  s t ra ins  in the clad as the uranium swells during 
exposure. The three tes t  elements were successf>dly braze-closed and are 
now ready f o r  non-destructive tes t ing and end welding. 

(The 
The objective of using t h i s  geometry 

Heat Treatment Studies. 
beta-heat treated fo r  a second time t o  determine the warp characteristics 
of a tube which has had the preferred orientation removed and t o  see i f  
any bet ter  w a r p  correlations present themselves than were found on the 
first heat treatment. The change i n  warp on the second heat treatment 
was as great as the change in  w a r p  on the first heat treatment. 
plane of the warp remained approximately the sane i n  only f ive of the 
eleven tubes and the vector change i n  w a r p  remained nearly the same i n  
direction i n  only three of the tubes. No correlations could be found 
between the plane of the warp, the vector direction of the change i n  w a r p ,  
the plane of the sh i f t ,  o r  variations i n  w a l l  thickness. X-ray results 
have not y-et been obtained on these tubes, but results of previous tubes 
given the same heat treatment have s h m  tha t  very l i t t l e ,  i f  any, pre- 
ferred orientation remains a f t e r  the first heat treatment. Since the 
change in w a r p  w a s  as great on the second heat treatment as on the first,  
it appears the preferred orientation has l i t t l e  t o  do w i t h  the warp. 
These tubes are t o  be hot straightened and given a third beta-heat 
treatment. 

Eleven 24-inch long iNPR inner tubes have been 

The 

Fuel Component Development. 
N outer fuel element support c i r c l e  diameter durin support attachment. 
The support c i r c l e  diameter is  specified 2.685 inches. The fue l  
element d i a e t e r  tolerances are 2.404 f 0.010 inches. The support m u s t  
be sized t o  prevent selective f i t t i n g  and t o  meet the above specifica- 
t ion.  It is  proposed t o  r igidly restrain the support crown contour and 

A fixture has been designed t o  establish the 

I 2 3 b 9 3 2  
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t o  index th i s  point w i t h  reference t o  the fuel  centerline. 
quired w i l l  be done by longitudinal movement of the support tabs. Res- 
training the crown contour during welding prevents "pulling the support 
out of specs" by the crimping action of the shoe attachment. 

A second generation of locking cl ips  t o  hold the NPR outer tube and the 
br ier  tube together during discharge was  made. Eight two-foot long fuel  
element assemblies were run through the simulated NPR discharge t e s t  and 
none of the element components separated significantly during the t e s t .  
Another design of locking c l ip ,  which contains a positive lock t o  prevent 
disengagement of the c l ip  by rotation of the inner tube, is  being prepared 
f o r  testing. 

Any sizing re- 

Welding and Joining. 
Euel tubes t o  NPR inner fuel  tubes has necessitated a change i n  tooling 

Redesign of the locking device which pins NFR outer 

for  attaching t h i s  hardware. 
Weldex Wdel 10 Spike Power Welder is being bu i l t  by Tech Shops. 

A new se t  of t o o l h g  designed t o  f i t  the 

Approximately'one thousand supports have been attached t o  NPR fue l  elements 
f o r  sorting machine t e s t s .  
Sciaky welder operating as a single phase welder. 
welders have been instal led i n  the 333 Building and temporary tooling i s  
i n  place on one t o  permit determination of proper machine sett ings f o r  
support welding. 

Closure and Joining. 
plished. 
as a bonding agent. 
on both faces by two-mil bb f o i l  which i n  turn was covered by 406 SS. 
The ent i re  sandwich was emased i n  an evacuated 304 SS container. 
assembly w a s  heated t o  640 C and rapidly reduced approximately f i f t y  per- 
cent i n  thickness by use of the forge. 
heated f o r  two hours a t  640 C a f t e r  which it w a s  cross rolled down t o  
twenty percent of i ts  original thickness. The cross roll ing w a s  done 
at  640 C. 
ing. 
is  low f o r  the Mo-U diffusion t o  take place. 
long soaking times a t  temperature and severe working a t  temperature are 
required t o  produce alloying a t  the interface. 

It was found that  the bond formed a t  the iriterface between the Zircaloy 
cap and the uranium core i n  the self-brazing process employing a th in  
copper plate  f o r  the bonding medium tended t o  be b r i t t l e .  Fracturing 
i n  the Cu-U phase connnonly occurred due t o  d i f fe ren t ia l  expansion when 
the assembly was salt-bath heat treated.  

These have been done on a three-phase 100 KVA 
Two magnetic force 

Roll bonding of 406 SS t o  uranium has been accom- 

A sandwich was made with a core of uranium covered 

This 

A good tough band has been produced by using two-mil Mo f o i l  

The reduced compact w a s  then 

Another soak a t  6Lo C f o r  one hour w a s  done pr ior  t o  air  cool- 
The maxirmun temperature a t  which the sandwich can be worked (640 C )  

Because of t h i s  l imitation, 

To overcome t h i s  tendency, the procedure was modified t o  add a f lash 
coat of nickel plating over the copper on those surfaces of the cap 
tha t  are t o  contact the uranium. Destructive t e s t s  indicate greatly 
improved toughness i n  the interfacial  layer.  
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Fuel Deformation Studies. New fuel element measuring equipment, made by 
Sheffield Company to HAP0 specifications, is installed and in use. This 
equipment measures and records outside diameter, inside diameter, wall 
thickness, and warp at any number of selected positions along the fuel 
length. 
ments are accurate to within ? 0.001 inch. 
continuous circumferential radial displacements and thicknesses has been 
proposed. 
diameter, mean axial displaceEnt, ovality, eccentricity of cladding 
surfaces, and radii of curvature of the mean a x i a l  displacement is being 
written. 

Preliminary evaluation of the equipment indicates the measure- 
A method of analyzing the 

A program which reduces the machine measurements to mean 

A series of NaK capsule irradiations of Zircaloy-2 clad uranium rods is 
planned for the Banford reactors. The final eighteen test sample cap- 
sules have been filled with RaK. 
attachment of devices for centering the capsules in the process tubes. 
Five capsules each containing a single Zircaloy-2 clad uranium rod and. 
a thermocouple to measure the central uranium temperature have been 
filled with NaK, and the thermocouple trains for three of these capsules 
are now being assembled. 

All that remains for completion is the 

Allied Studies. 
one unalloyed uranium and one U-2 w/o Zr, were defect-tested in 300 C, 
1650 psi water in the IRp facility. An order of magnitude slower fuel 
corrosion rate was observed with the alloyed fuel. 
fuel tube has been examined in Radionretallurgy and was broken into three 
major pieces and six minor pieces. The tube had a spiral split from one 
end to the other end, and both end caps (unbonded) had separated from 
the clad. 

Two 3200 MWD/T exposure coextruded KER inner fuel tubes, 

The unalloyed uranium 

Equipment Development (Project CAB-9011. Modification of the ETR 6x9 
loop under Project CAE-901 is approximately 50 percent complete. The 
Zircaloy-2 pressure tube for the M-3 position w i l l  be inserted in the 
reactor on or about August 1. 
use of the new facility approximately the first of September. 
test in the 6x6 M-3 position w i l l  be a gsnrma probe to determine gama 
heating, followed by a full-size NPR element fuel. 
will be used for the structural materials program. 
will be loaded at the next reactor startup. 

Present schedules indicate beneficial 
The first 

The 6x9 G7 position 
The first specimens 

2 .  REACTOR PRCGRAM 

Coolant Systems Development 

Effluent Activity and Corrosion Testing Program in Single-Pass Tubes. 
The deionizes to supply two tubes for effluent activity testing have 
been received fromthe manufacturer. 
mentation and filtration plant to supply water to two tubes has been 
approved by the Washington AEZ. 
1962. 
ditions to process water awaits the installation of suitable facilities 
for injecting these chemical additions. 

The project to build a pilot sedi- 

Completion is estimated for February 
The start of a series of effluent activity tests involving ad- 

Corrosion and thermocouple-slug 
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t e s t s  w i l l  be started a f t e r  the writing and approval of a Production Test. 
In order t o  maintain comparable cmditions i n  both the aluminum and 
Zircaloy tubes, it has been tentat ively decided t o  use K-IV-NS (self-  
supported) elements i n  r ibless  Zircaloy tubes, and a charge of K-IV-NS i s  
being made up f o r  experimntal verification of the expected pressure drop. 

Redeposition of Activit ies from Decontaminating Solutions. 
portion of the 183 KE Laboratory has been modified so tha t  it can be used 
f o r  radioactive work t o  study the factors influencing redeposition of 
ac t iv i ty  from decontaminating solutions. 
C r 5 1  in a d i lu te  solution of chromic acid has been obtained from Radio- 
chemical Analysis Operation and preliminary experiments have been started.  
It is planned t o  u t i l i ze  TF-14 in 242B f o r  dynamic studies a f t e r  the pre- 
liminary laboratory studies have been completed. The loop is  being modi- 
f ied t o  permit radioactive studies.  

The eastern 

A one millicurie solutian of 

Old Reactor Decontamination (ET-IP-323-AE). 
aluminum, carbon s t ee l ,  and Zircaloy-2 a t  C-Reactor during in-reactor 
test-  of three decontaminating mixtures: 
oxalic acids, (2) Turco 4306-e, and (3) Turco 4306-B. 
were approximately 40 minutes contact a t  35 C fo r  a l l  solutions. 

Corrosion w a s  measured fo r  

(1) inhibited sulfuric- 
Test conditions 

The inhibited sulfuric-oxalic solution w a s  the l ea s t  corrosive; while 
Turco 4306-B w a s  def ini te ly  the most corrosive of the three solutions, 
and tne only one of the three considered unsatisfactory because of high 
corrosivity. 
giving a corrosion ra te  of 2 mils/treatmeot. 
would be corroded halfway through a f t e r  10 decontaminations. Turco 4306-B 
w a s  a lso the only reagent corrosive t o  carbon s tee l ,  with a corrosion r a t e  
of 0.2 mil/treatment. 
with a corrosion ra te  of approximately 2 mils/treatment . 
Cyclic Decontamination Studies i n  TF-4. 
completed three cycles t o  date and i s  prefilming on the fourth cycle of 
eight scheduled cycles evaluating the Wyandotte-1113 
process under the procedure of a i r  exclusion from the system. The general 
appearance of the coupons was good. There was only a very s l ight  indi- 
cation of pittirig or localized galvanic attack on the carbon s t ee l  samples 
both welded and non-welded. The Type 420 stairiless s t ee l ,  however, w a s  
covered w i t h  many very small p i t s  a f t e r  the tliird cycle. 
alloys discharged a f t e r  the second cycle appeared t o  have been corroded 
uniformly and of the same order of magnitude as the carbon s t ee l  and 420 
s ta inless  s t ee l  samples. 
may develop during further tes t ing  of t h i s  alloy. 

Rupture Tests i n  TF-9 (ELMO-4). One t e s t  was  conducted a t  300 C employ- 
ing a pre-defected, coextruded U-Zr-2 rod which had been heat treated a t  
800 C fo r  eight hours t o  weaken $he bond. The objective of the t e s t  was 
an attempt t o  duplicate the irradiated rupture mechanism more closely i n  
order that  a ser ies  of programmed cooldowns a t  NPR conditions could be 
made with resul ts  closer t o  irradiated slug resul ts .  The fuel  element 
was exposed f o r  40 minutes a f t e r  detection of the rupture w i t h  a hydrogen 

Turco 4306-~ w a s  the only reagent corrosive t o  Wrcaloy-2, 
A 40-mil Wrcaloy-2 tube 

This reagent a lso is more corrosive t o  ahminun, 

The TF-4 (CEP-4) system has 

Wyandotte-5061 

The M-5616 

There w a s  a very s l ight  indication tha t  p i t t ing  
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detector. After the t e s t  the element exhibited a swelled area about 
2 inches long by 3/4 inch wide and 1/4 inch hign. 
about 22 grams compares very closely w i t h  previous weight losses f o r  
the 2000 W / T  KER irradiated rods ruptured fo r  the same length of time. 
The most apparent difference, however, w a s  tha t  the unirradiated piece 
ruptured along the longitudinal axis while the irradiated pieces ruptured 
both radially and longitudinally. 
w a s  def ini te ly  weakened by the heat treating, i ts  mechanism of rupturing 
w a s  apparently different than observed f o r  the irradiated bonds. 

Breakaway Corrosion Loop (TF-15 ). 
No defects i n  the welds tested so f a r  have been found. The use of the 
Gray Tool Company t e s t  section connectors has been appraved. 
Tyler pump f o r  the loop has been shipped from &gland. 

The weight loss of 

Thus, although the unirradiated bond 

Fabrication of the loop i s  35% complete. 

The Hayward 

Stress Cracking Corrosion of Stainless Steels. A tes t ing program t o  
determine the susceptibil i ty of AhS 5616 t o  stress-cracking has been 
in i t ia ted .  This material has been selected f o r  diversion valve com- 
ponents in the NPR primary system. 
of two s t r i p s  of material fabricated from an actual diversion valve shaft 
heat treated t o  a hardness of 40 Rockwell C.  However, more specimens are 
being obtained, fabricated under conditions proposed f o r  the NPH valve 
material a t  a hardness value of 35 Rockwell C. 
stressed t o  50,000 t o  70,000 p s i  i n  a sealed ampoule i n  an environment 
of air-saturated water at a pH of 10.0 and 290 C temperature. 
were examined a f t e r  f i v e  and ten days of exposure. 
but very minor crevice corrosion w a s  observed where the s t r i p s  contacted 
each other or  s t r i p s  of type 304 stainless  steel. However, since the 
volume of the ampoule was very small, it is suspected tha t  the oxygen 
present was depleted. Also, the pH decreased from 10.0 t o  6-7 during 
each five-day period. Consequently, the specimens were removed a f t e r  
the second five-day period and cleaned. The specimens were then stressed 
t o  70,000 and l50,OOO p s i  and charged in to  TF-1 loop f o r  tes t ing a t  300 C 
and pH 10.0 i n  air-saturated water. 
staidess steel are  a lso  being exposed f o r  evaluation. 
expected t o  provide accelerated evaluation of these materials. 

I n i t i a l l y  the t e s t  specimens consist 

The i n i t i a l  s t r i p s  were 

The s t r i p s  
No cracking occurred, 

Crevice coupons of type 410 and 420 
The loop test  is 

COrrOSiOn Studies of Hastelloy-C. 
scheduled discharges of Hastelloy-C from a corrosion tes t  i n  recirculating, 
290 C, pH 10 (LiOH) water have been completed f o r  a t o t a l  of 2350 hours of 
exposure. 
both the non-descaled m d  descaled corrosion curves i n  the direction of 
an increased corrosion rate. 
aW-67644, reporting tha t  Hastelloy-C corrosion ra tes  increased a f t e r  1500 
hours of exposure. The i n i t i a l  corrosion ra te  was 0.18 mil/year, and the 
Second stage corrosion rate after 1500 hours of exposure w a s  0.35 mil/year. 
No localized corrosion w a s  observed by examination w i t h  a low power micro- 
scope; however, samples are t o  be submitted f o r  more detailed metallographic 
examination. 

Eight out of a t o t a l  of twelve 

A t  about 1500 hours of exposure an inflection w a s  observed i n  

This verifies previous data published i n  
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NPR Secondary System Tests. 
the Rocking Autoclave w a s  completed, and a corrosion t e s t  on a small, 

Shakedown test ing of the instrumentation on 

d m  heat exchanger at NPR steam generator conditions has been s tar ted.  
The dummy heat exchanger is being exposed t o  alternate drying and wetting 
action i n  an attempt t o  promote deposition of water impurities on i t s  
surface. These deposit areas w i l l  be inspected f o r  evidence of localized 
attack or  s t r e s s  cracking. However, examination a f t e r  a one week tes t ing 
period did not reveal any deposit build-up. 
secondary system materials a t  NPR secondary system conditions is  being 
planned t o  be conducted i n  "F-8 as soon as chemical addition f a c i l i t i e s  
are added t o  the loop. 

A corrosion tes t  on NPR 

Process Technology. 
sistance of 17-7 PH stainless steel and carbon s t e e l  present-reactor 
nozzle snap rings i n  uninhibited process water. 
i n  place on sections of aluminum process tube. 
covers the samples and theE is dried away by evaporation. 
weeks of testing, a carbonate scale approximately 0.1 inch thick has 
bui l t  up on the samples. 
steel, and up t o  2 mils deep on the 17-7 PH stainless  steel .  

A test  is in progress t o  compare the corrosion re- 

The rings are being tested 
The 95 C water periodically 

After three 

Pits were found up t o  9 mils deep on the carbon 

Structural  mterials Development 

Zircaloy Retubing Program; Smooth-bore Zircaloy-2 tubes needed f o r  ex- 
pansion of the overbore test  at C-Reactor have been produced by a new and 
promising process u t i l i z ing  warm extrusion, low annealing temperatures, 
and one large tube reduction. 
40 tubes, now undergoing f i n a l  aspect ion,  are '  scheduled t o  be shipped by 
air  on A u g u s t  2. Six tubes have been rejected because of f ine cracks be- 
l i eved  t o  have resulted from rough extruded surfaces. 
be avoided on future production by improved tooling f o r  extrusion and 
closer quali ty control. 

Fourteen tubes are  a t  Hanford and about 

Such re jec ts  should 

NPR Process Tubes. 
p i l o t  order exhibit areas of enlarged grain s ize .  Evidence indicates the 
cause t o  be localized overheating during a repair  operation l a t e  i n  the 
fabrication process. Such treatment would remove the effects  of cold work 
resulting i n  fa i lure  of those areas of the tube t o  meet the 15% t o  40% 
cold work specified. A short length of normal NPR process tubing from 
the same vendor was heated w i t h  a welding torch i n  the Hanford Laboratories 
t o  duplicate the large grain effect .  That portion of the material held a t  
bright red heat f o r  30 seconds or  more developed a grain structure similar 
in surface appearance t o  tha t  of the seven tubes i n  question. 
material was  examined i n  cross section, the coarse grain structure w a s  
observed through the ent i re  thickness of the tube w a l l .  
the structure under polarized l i gh t  a t  magnifications up t o  100 X re- 
vealed only residual beta grains indicating that complete transformation 
had occurl'ed. 
The seven tubes received l e s s  than lO$ cold work a f t e r  the localized 
thermal treatment. 
specified. 
t o  limited service.  

Seven NPR tubes produced by Harvey Aluminum on t h e i r  

When the 

Examination of 

Such treatment completely removes the effects  of cold work. 

Those areas f a i l  t o  meet the 15% minimum cold work 
On t h i s  basis the tubes could be rejected or a t  l ea s t  held 

I 2 3 H 3 I  



-ASS I F I ED A- 10 HW-70658 

Harvey Aluminum Company has over 130 NPR process tubes in reject  category 
a t  th2 i r  plant.  Most of these were rejected f o r  one or more tears on the 
inside surface of the tube. Harvey has devised a method which they f ee l  
is  capable of reclaiming 75 or more of these tubes. 
moved by grinding, leaving i n  i ts  place a smoothly blended depression in 
the inner tube surface. 
specification in  w a l l  thickness. 
load on the tube and heating the defective area w i t h  an induction co i l ,  
p las t ic  flow occurs causing the d i amte r  t o  bulge outward and the w a l l  t o  
thicken. The outside diameter is returned t o  normal by pressing in  a die 
and the excess metal i s  removed from the inside. The process has been 
observed i n  operation and appears acceptable. The material is  heated i n  
a few bursts of about 10 t o  1j seconds duration which produces a maximum 
temperature lower than that of the f i n a l  three-day autoclave treatment a t  
Eianford. If the repaired tubes meet specified inspection c r i t e r i a ,  there 
appears t o  be no obvious reason t o  re ject  them. However, thorough des- 
tructive tests w i l l  be made on sample specimens before f inal  acceptance 
is  reconrmended. 

The defect is re- 

This spot may typically be 5 t o  30 mils below 
However, by applying an axial  compressive 

B u r s t  Test Fac i l i t i es .  An aluminum-sandwich blast shield w a s  fabricated 
and tested t o  evaluate i ts  capabili ty t o  absorb a missile impact in  the 
unlikely event an axial tens i le  break or  an end closure fa i lure  occurs 
during burst tes t ing.  The blast shield operated as planned, preventing 
damage t o  the furnace. An impact absorbing aevice 01 this  type w i l l  be 
included in the prototype furnace order. 

The building proper f o r  the s t r e s s  rupture test f a c i l i t y  (Project CAH-896) 
is essent ia l ly  complete. 
scheduled 85s (July 30, 1961). 

The project proposal for  an irradiated burst t e s t  f a c i l i t y  (CAH-922) w a s  
approved by HOO on July 13, 1961, and has been forwarded t o  obtain AEC 
Washington approval. 

Project completion is estimated a t  78$ versus a 

Nonmetallic Mte r i a l s  Development 

Graphite Burnout Monitoring. 
reactor atmosphere at  KE-Reactor was changed t o  a He-Nz mixture. 
December 18, 1960 t o  B r c h  22, 1961, monitoring saaples in  channel 3066 
shared burnout ra tes  below the l i m i t  of 2$/1000 operating days. The 
l a t e s t  resul ts ,  from samples exposed from March 22, 1961 t o  June 22, 
1961, are sham on the following page. 

During the ear ly  par t  of December 1960, the  
From 
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Carrier 
No. 

1 
2 
3 
4 
5 

Distance from Front of 
Graphite Stack t o  Centerline 

of Carrier ( in  f e e t )  

2.7 
9.2 

16.0 
22.5 
29.0 

*Burnout Rate 
( $/ 1000 Ope rating Days ) 

0.16 0.03 
2.73 f 1.04 
0.72 f 0.08 

0.33 ? 0.07 
0.29'2 0.04 

*Mean burnout rate (f ive samples i n  each car r ie r ) .  

Monitoring samples from three carr iers  i n  3580-F were discharged on June 24, 
1961, after 108 operating days and were within prescribed burnout limits. 

Gas-Graphite Systems. 
various gases at pressures up t o  500 p s i  were discharged from "Y" test  
hole a t  C-Reactor. 

Twenty-four quartz capsules containing graphite and 

These capsules are awaiting measurement. 

Thermal Diffusivity of Graphite. The measurement of irradiated graphite 
thermal conductivity at  elevated temperatures has required large samples 
and careful thermal guarding techniques. 
t o  wasme a related property, thermal diffusivity.  
i s  obtained fromthe product of thermal diffusivity,  density, and specific 
heat. 
a 0.7-inch diameter graphite sample and the result ing rear surface 
temperature increase w i l l  be observed on an oscilloscope. 
of the apparatus i s  20% complete. 
holder were assembled during the month, and construction of the parer supply 
is  under way. 

An apparatus i s  being constructed 
Thermal conductivity 

A pulse of thermal energy will be'directed t o  the front surface of 

Construction 
A t i m e  delay generator and sample 

Thermal Hvdraulic Studies 

Heat Transfer Conditions f o r  Fuel Elements With a Non-uniform Coolant 
Annulus. 
dit ions when fue l  elements are not si tuated coaxially within a process 
tube. 
tube were obtained f o r  the cas2 of 754 eccentricity. (Percent eccen- 
t r i c i t y  is  the fraction of the normal annulus thickness tha t  the fue l  
element i s  displaced from a coaxial position toward the w a l l  of the 
process tube). 

The t e s t  section used w a s  a 30-inch long e lec t r ica l ly  heated rod, 1.445 
inches i n  diameter, positioned within a 1.604--inch tube. 
generated within the rod was transferred t o  water flowing through the 
annulus. 
I&E fue l  elements i n  the fringe zones of a BDF reactor (23 g p m  a t  121 p i g )  
were held constant. During collection of data, the heat generation i n  
the test  section was gradually increased while temperature measurements 
were made of the heated surface and cooling water a t  points around the 
annulus of the tes t  section. 

Experiments were continued t o  determine the heat t ransfer  con- 

Laboratory data applicable t o  I&E fuel  elements i n  a BDF process 

A l l  of the heat 

Flow conditions corresponding t o  those i n  the flow annulus of 

l 2 3 b 4 3 9  
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As in previous m s ,  the heat generation rate was increased until boiling 
burnout conditions were reached as indicated by a large temperature ex- 
cursion at so= point on the surface of the heated rod. 
section, a hole was melted near the inlet of the test section at the same 
time the thermocouples, which are near the outlet, indicated a tempera- 
ture surge. 
place only near the outlet where water temperatures are highest and 
pressures are lowest. 
indicated that the top of the heated surface had been hot over its com- 
plete length with the "hottest spots" midway between the small longi- 
tudinal ribs used to maintain spacing of the test section in the process 
tube. 

For this test 

This was unexpected since boiling burnout generally takes 

Subsequent visual inspection of the heated surface 

The conditions at the point of boiling burnout were a heat flux of 
587,000 B/hr-sq ft, a flow of 4,400,000 lb/hr-sq ft, and the bulk water 
temperature 98 F below the boiling point. 
data, this information indicates that at this flow rate and eccentricity, 
the boiling burnout conditions are fairly independent of bulk water 
temperature. 

When compared with previous 

Heat Transfer Characteristics of NPR Fuel ELemnts. 
termine the boiling burnout conditions for the NPR tube-in-tube fuel 

The studies to de- 

ele-nts were continued. Thirty-eight boiling biunout points were ob- 
tained in the laboratory with a test section which is the circular 
channel hydraulic diameter equivalent of the outer flow annulus of the 
NPR fuel assembly. 

The test section for this investigation consisted of a 32-inch long tube, 
0.315-irich ID, with flow through the inside. The tube was heated by 
electrical resistance heating, and boiling burnout conditions were de- 
tected by noting temperature excursions as measured by thermocouples 
attached to the outside wall of the test section. 

The major portion of the experiments was mn at 1500 psig, where 28 
boiling burnout points were obtained, and the remaining data were col- 
lected at 1000 psig. 
5,000,000 lb/hr-sq ft, and the coolant conditions at the burnout point 
were varied from 0 to 35$ steam by weight. 
these conditions varied from 500,000 to 1,740,000 B/hr-sq ft. 

Flow rates were varied between 1,000,000 and 

The burnout heat fluxes for 

The data will be compared with data obtained previously for an annular 
flow test section to determine the feasibility of simulating annular 
flow channels with circular channels for boiling burnout experiments. 

is not too valid. 
initial examination of the "raw" data indicates that such a procedure 

Shielding Studies 

Miitigroup Code for Shielding Calculations. Calculations have been com- 
pared with experimental data obtained in the shield facility on ordinary 
concrete. 
agreement between experimental and calculated neutron and gamma attenuations 

F& the 100 C, 200 C, and 300 C baking temperatures, the 
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w a s  very good. 
and the gamma dose rates  within 60$. 
la ted thermal neutron fluxes were low by a factor  of about four. A 
possible explanation f o r  the discrepancy between the experimental and 
calculated values is  the temperature distribution through the slabs 
during irradiation. 
radiation and no allmance was d e  i n  the calculation fo r  variations i n  
water content from slab t o  slab. 
measured and calculated shielding properties-of various types of concrete 
tested i n  the shield f ac i l i t y .  

The thermal neutron fluxes were calculated within 3 6  
In the as-cured case, the calcu- 

The slabs did lose water during the i n i t i a l  ir- 

Further work is being done t o  compare 

Reactor Concept Studies 

Low Cost Reactor Study. 
i b i l i t y  of constructing a 100 Mw(th) reactor f o r  one million dollars 

A study was in i t i a t ed  t o  determine the feas- 

or less. 
type reactor is visualized; however, a l l  phases of the design are being 
considered f o r  ways and means of lowering the capi ta l  cost. 
standard cr izer ia  anu practices i n  the nuclear f i e ld  are being reviewed 
t o  determine the i r  appropriateness t o  t h i s  reactor and where revisions 
may be required t o  permit achievement of the cost objective. 
planned t o  conceptually design the iow cost reactor (LCR) during the 
present f i s c a l  year. 

In general, a l igh t  water -malerated and cooled swimming pool 

In addition, 

It is 

Research and development in the  f i e l d  of plutonium metallurgy continued i n  
support of the Hanford 234-5 Building Operations and weapons development 
programs of the University of California Lawrence Radiation Laboratory 
(PzoJect Whitney). 
dis t r ibut ion l ists  appropriate t o  weapons developmnt work. 

Details of these ac t iv i t i e s  are reported separately via 

I 2 3 b 9 1 1  I 
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C. REACTOR DEVELOPMENT - 4000 PROGRAM 
1. PLUTQNIUM RECYCLE PROGRAM 

PRTR Project Mnagement and Design 

PlQR Construction. 

is completed. 
in order to meet the specified design conditions. 
were encountered with the water chiller compressor. 
made and the chiller appears to be functioning satisfactorily. 
chiller motor continues to overload. 
ordered to correct this condition. The maintenance shop equipment has 
been placed, and personnel now occupy the building. 

Construction of the Maintenance and W c h p  Facility 
(including the FR!l!R Rupture Loop Annex and PRP Critical Facility buildings) 

Wchanical difficultizs 
The chilled water pwnp was changed out to one size larger 

Repairs have been 
The water 

Larger size heaters have been 

The paving and lmdscaping contract is 9s complete versus lOC$ scheduled 
predicted to July 31, 1961. The contractor mowed and reseeded the lawn 
in' front cf the 308 and 309 Buildings. 
Buildings and the north side of the W Facility were fertilized. Dif- 
ficulty is encountered in obtaining an acceptable stand of grass on the 
south side of the entrance to the M&&f Building and in various spots 
throughout the seeded area. 
placing this fall. 

Lawns in front of 308 and 309 

Several shrubs and trees will require re- 

Installation of hrel Examination Facility EQuipment was completed by the 
CPE'F coldtractor. Performance of design testing is scheduled as mainten- 
ance manpower becomes available. Preparation of an operating manual has 
begun. 

Additional piping s~pports are required on the primary system to provide 
earthquake protection. 
snubbers on each of the three primary pumps, plus two hydraulic and one 
static snubber on the steam generator inlet piping. 
tion for the hydraulic snubbers has been issued. 

Plutonium Recycle Critical Facility (Project CAB-842). 
equipment, which began on June 27, continued during the month. The 
moderator storage tank, the reactor assembly, and the thimble coolant 
loop heat exchanger have been installed, along with the -26i-0" and 
-17'-0" floor gratings. 
ceeding slowly since the CPFp contractor has not received all the neces- 
sary material. 

The mthod of support w i l l  use two hydraulic 

A purchase requisi- 

Installation of 

Piping installation has been started but is pro- 

The contractor is 35s complete. 

Delivery of the instrument package continues to be a problem. 
earliest promised shipping date is still September 15, 1.964 -- nearly 
four months late. 

The 

Fuel mement Rupture Test Facility (Project CAB-867). 
proposal requesting extension of the project completion date from 
October 30, 1961 to June 30, 1962, has been submitted for approval. 

A revised project 
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J. A. Jones CoIxkruction Compariy starte.3 pipicg and equipmznt ics ta l la t ion  
i n  the anriex area and i n  B Cell. AT mmth-end, t h i s  work is  approximately 
three percer;t complete. Over-ali 3onstnct ion i s  ll$ conqiete agaimt 6276 
scheduled. 

The water p l a t  bid package was ccq le t ed  and issued f o r  fixed price 
bidding. 

Drawings were revised arid approved i n  aceordacce with the modified over- 
load arrangement for the drive motcrs of RLP-IA: lB. This modification 
consists of substi tuting temperature relays i n  each phase of the s ta tor  
winding and over current relays 131 the m t o r  control cefiter fo r  the more 
standard cverload heater-relay arrazernencv. 

To date, a l l  GE-Frocured items have been delivered a c e p t  f o r  the regenera- 
t i v e  heat exchaqger, e lec t r ic  imnersion heaters, na3reuF punps, e lec t r ic  
switchgear and m t o r  ccotrs l  center, axid major componeats of the instru- 
ment packages 
1961, and w i l l  not. cause s ignif icar t  delays i n  the ir;stallation work. 
is estimated that  the elec+,ric switchgear will be delivered about mid- 
October 1961. 
A u g u s t  15, 1961. 

Bid operixig i s  scheduled f o r  August 17, 1961. 

Delive,ry dates on the  f i r s  mree i t e m  are near AugusS 1, 
It 

Caple te  shipmnt of the instrument package is  expected by 

Ion exchange tank Kwx-5 was returaed t c  the vendor, U l n o i s  Water Treat- 
ment C m r ,  for moc3ilicatioc when it was discovered tha t  the tank height 
exceeded the specifkatiori. 
by the vendor. 

Component Testicg and EqLxipent Developmert 

PR-1C - Primary Loop Mockup. 
during the ~102th f o r  a t o t a l  of 7197 hours. 
exceeded the makeup capszity of tne nockus and $he p q ?  was disassembled 
f c r  inspectio2. 
leakage ra te  of 1/2 a m .  %e 2rintsry seal faces had cot  changed notice- 
ably frm the p s v i o l ~ a  seal inspectlo2 a t  3531 kiours of aperaticn. 
high leakaga was due t c  bdiduz  cf carrcision prodwta a t  the C-cup 
statianary seal result izg ir leakErge be$weer? the C-cup an2 shaft sleeve. 
Fi l ter ing the vater recirrulat& by the auxiliary izpel ler  had been dis- 
continued duriag the Iss: fex looEths of cperatior: because of the nigh 
pressure 3rq) tnrmgh the f i l t e r ,  

The Frototype pump w i t h  the se l f -ad jus t iG seal  assembly operated ac 
additional 533 hours f o r  a T c o t a l  c.f 8834 hoiu's. 
ra te  i s  0.3 g/hr. 

lubdification of the tank will be performed 

The spare priraary pump operated 374 hours 
On Jtly 19,  1961, the leakage 

Ths p q  seal teqer-eture reached 200 F a t  the maxhum 

The 

The Fresent seal leak 

The sea l  t e s t  stand operated 
t o t a l  of 1356 hours and 177 starts. 

additiozal 176 hours md 19 s t a r t s  fo r  a 

The Afdrich k j ec t io t .  Plrp;? tes t ing w i % h  Disogrin r-cups gave the follow- 
ing resui ts  during zhe mmh: 
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Plunger #1 (1st m.) 212 SO00 Fai l sd  
250 In operation (2nd run) 250 

munger #2 462 150 I t  11 

Plunger #3 462 6000 Failed 

Only: the central  plunger is s t i l l  operating sat isfactor i ly .  
appears t o  be by sp l i t t i ng  the U-cup base, w i t h  resultant wearing through 
of the l i p  a t  the s p l i t  section. Thxe is no apparent ovzrheating o r  
abrasive damage t o  plungers. 

Failure 

Cr i t ica l  Faci l i ty  Components. 
however, it w a s  found that  the return spring w a s  too s t i f f .  

Testing of the source positioner was begun; 
New springs 

have been ordered, and tes t ing w i l l  res- as soon as they are received. 
Delivery is expected August 1, 1961. 

The adjustable weir has been completed except f o r  the instal la t ion of the 
synchro position indicator. 
which should be s tar ted by August 1. 

Delivery of the f lexible  hoses required t o  complete the thimble is ex- 
pected about 8/1/61. 

The unit i s  now being set  up f o r  tes t ing 

Testing of t h i s  unit  may then be s tar ted.  

Redesign of the safety rods has been completed, and comment pr ints  have 
been out since July 20. 
safety rods, and a purchase requisitiion has been issued fo r  the cadmium 
plating of these rods. 
miscellaneous mechanical components t h i s  week. 
tubing must be purchased; however, t h i s  should not delay fabrication. 

SwagLng operations have been started on the actual 

It is  planned that fabrication be s tar ted on the 
Some aluminum pipe and 

Redesign of the control rods has been completed, and comment pr ints  w i l l  
be issued by July 26, 1961. Swaging of the aluminum tubing required for  
the shutter rod has been s tar ted,  and a purchase requisit ion has been 
issued f o r  the cadmium plating of these rods. The possible material in- 
adequacies of the position Indication synchro transmitter assemblias have 
not been resolved. The AEZ purchasing uni t  has been working on obtaining 
the required material cer t i f icat ions;  however, no information is yet 
available. 
assemblies be se t  up f o r  t s s t ing  as soon as possible without waiting fo r  
material cer t i f icat ions.  The electromagnets f o r  the rods have been re- 
ceived and tes t ing  of these components s tar ted.  

It is now planned that one of the transmitter receiver 

Rupture Loop Components. 
test  sections i s  essent ia l ly  complete, and machining i s  complete on one 
t e s t  section and on one of the two special mockups. 
started irsing one mockup. 
document, which w a s  issued fo r  comments. 
been revised and reissued. 

Material procurement fo r  two complete in-reactor 

Testing has been 
All t z s t s  are described i n  the Design Test 

All t e s t  section drawings have 
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PRTR Operations 

Reactor Operation. 
extandtd outage of about s ix  weeks. 
70 
578 MWD during the month. 

Problems contributing t o  a delay i n  initial startup included: primary 
system pR had increased t o  11.2 during the outage; subsequent reduction 
t o  within limits was accomplished by circulation of loop water through 
a temporary neutral ion exchange u n i t  by-passing the instal led lithium- 
based resin; the desired ra te  of moderator level  r i s e  was achieved only 
a f t e r  f ixing the flow ra te  t o  the recombiner and then making several 
trial-and-error adjustments t o  the gas balance control valve; the new 
seal injection system fo r  the primary pumps was placed i n  service only 
a f te r  extensive troubleshooting and modification. 

Power tests were resumed on July 3,  concluding an 
The -'achieved f u l l  power of 

fo r  the first time on July 21. Core exposure w a s  increased by 

From July 3 t o  July 12, the reactor w a s  operated a t  gradually increasing 
power levels from 5 MW t o  45 MN. 
at tention vas directed t o  the steam generation equipment, particularly 
the  deaerator, boi ler  feed piping, and related instrumentation. Control 
d i f f icu l t ies  w i t h  deaerator pressure and deaerator l iquid level resulted 
i n  water being fed t o  the boi ler  well below i ts  boiling point and, on at 
l ea s t  one occasion, the boi ler  feed pumps l o s t  prime when the deaerator 
emptied. The boi ler  feed piping system suf'fered several fa i lures  during 
this  operating interval.  Excessive light water and steam leakage t o  the 
process c e l l  resulted due t o  fractured piping on boi ler  feed pump rel ief  
l ines ,  plus one blown gasket on the deaerator inspection plate.  
operating iriterval was terminated on July 12 due t o  seal fa i lure  of 
primary pump #l. Seal fa i lure  indications had begun on July 9, and 
fa i lure  was possibly accelerated on July 11 when a second injection pump 
was s tar ted i n  order t o  recover from ins tab i l i ty  which was caused by an 
attempt t o  place the rupture detection system i n  service. 
flow of hot @O through the  fa i led  p q  seal threatened t o  ra ise  ion 
exchange temperatures above limits. 

During t h i s  operating interval, major 

This 

By July 12, 

The reactor w a s  s tar ted up again on July 14, w i t h  achievement of 70 MI 
fo r  the first t i m e  occurring July 21. 
fo r  60 hours. The reactor w a s  shut down on July 24, one day pr ior  t o  a 
scheduled outage, due t o  fa i lure  of high pressure helium compressor #1 
which resulted i n  lowering of the high pressure helium storage pressure 
t o  i t s  lower limit. 
H-94 check valve. 

Operation a t  70 MW w a s  maintained 

A WO leak occurred on July 26 during repair  of the 

Reactor Maintenance and bd i f i ca t ion .  
Msy-June, during which the mechanical seals i n  a l l  three primary pumps 

Following the extended outage of 

had been replaced, operation w a s  resumed using a newly instal led sea l  
injection system. The previous seal  fa i lures  were attr ibuted t o  hklium 
accumulation a t  the seals,  causing inadequate lubrication. The impro- 
vised seal injection system incorporates a manually controlled valve in  
the %O makeup l i n e  t o  provide an increase i n  the pressure of the primary 
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injection pumps sufficient to inject approximately 1 gpm of cold, helium- 
free D20 inta each seal chamber. 
to monitor the injection pressure head of about 100 psi. 

Pressure lines were extended to C C z l l  

Failure of a bolt on HP-1 compressor and inability of HP-2 compressor to 
maintain storage tank pressure caused a reactor shutdown on July 24. 
HP-1 compressor was repaired. EP-2 was inspected and modifications were 
made to the oil system, but no satisfactory explanation lor its lower 
capacity has been discovered. HP-2 has always been somwhat low in 
capacity. 
was creating an excessive demand for helium because of valve leakage and 
pressure fluctuation. 
pressurizer has been increased SlighZly co provide more stable control. 
It is expected that this will reduce helium demand during high temperature 
operation to less than the capacity of HP-2. 

Design change No. 81 was issued to modify the oxygen removal resin 
facility in the primary cleanup system, 
adding isolat ion and bleed valves between the S-10 resin tank and the 
primary cleanup system to prevent contamination of-the primary system 
with the S-10 regeneration solutions which are iignt water based. 
further modification consists of reinforcements for the flat heads of 
the resin tank. 

During the last operating period, pressurizer pressure control 

Leakage was corrected ana fixed bleed from the 

These modifications consist of 

A 

The vent blower for the hood around the helium condensate line valves in 
the Hot shop was installed, completing Phase 111-A, Change 188. 

A purchase requisition to return the spsre reflector heat exchanger, Hx-3, 
to the manufacturer for testing was issued. The manufacturer wishes to 
run flow tests at the factory in an attempt to determine the cause for 
the vibration noted in the instauea PHI% heat exchangers Hx-2 and HX-3 
when secondary cooiant ZLOW mbes cnrough the exchangers exceed 500 gpm. 

A design change is being prepared to allow addition of hydrogen to the 
helium pressurization system directly instead of indirectly via addition 
of hydrogen to the bulk helium storage. This will reduce hydrogen con- 
sumption and the use of manpower in making hydrogen additions manually 
and will enable reduction of hydrogen concentration in the core blanket 
system which surrounds the Zircaloy process tubes. 

Considerable improvement in control stability of the secondary system was 
exhibited during the month. 
(1) addition of reset action to the boiler level controller; (2) addition 
04 a proportional reset controller for control of deaerator level; 
(3 )  addition of a positioner to the boiler feedwater valve. Operation of 
the system at power demonstrated List the water inlet valve to the deaera- 
tor and the boiler feedwater valve are oversized. Reduced trim for these 
valves is on order. 

bdifications made to the system include: 
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Design changes were issued f o r  duplication of DC power supplies t o  com- 
ponents in  the l i g h t  water injection system and fo r  system changes giving 
improved control over certain valves. 

An Industrial  Instrum=nts Company oxygen analyzer, u t i l i z ing  a thallium 
bed, was borrowed from the 1706-ICER f a c i l i t y  and instal led t o  monitor 
oxygen content of the primary system. The instrument worked well during 
shutdam conditions but w a s  not sat isfactory w i t h  the primary system 
pressurized because of excessive gas evolution from the primary coolant. 
It is  planned t o  obtain a similar unit capable of operation a t  f u l l  
system pressure. 

Instrument air  backup f a c i l i t i e s  f o r  c r i t i c a l  controls were completed and 
tested. 

Secondary coolant ac t iv i ty  monitor readings are  now being obscured by 
high radiation background i n  -11' C C e l l .  
formed and shielding f o r  the system w i l l  be designed and instal led.  

A shielding survey w a s  per- 

Instal la t ion of a th i rd  log f lux and period channel and revision of the 
intermediate channel period t r i p s  t o  2 of 3 logic fo r  t r i p  w a s  coqle ted .  
The t r ip l i ca t ion  of log high level  (overlap) t r i p  and on-scale t r i p  
c i rcu i t s  has not been decided upon at  t h i s  ti=. No automatic controller 
period signal output asrplifier i s  planned fo r  t h i s  th i rd  channel at  present. 
The ins ta l la t ion  of those and other features presently found on the 
original two log f lux  channels w i l l  be considered on t h e i r  individual 
merits. The present arrangement is expected t o  reduce spurious reactor 
scrams from log reactor period t r i p s  t o  an acceptable number. 
a step plug location available f o r  the ion chamber f o r  the new log f l u x  
channel, the f iss ion chambers f o r  the two startup channels were combined 
i n  a single housing and instal led i n  the flux monitor hole which origin- 
a l l y  contained startup channel #l. 
positioner fo r  the startup channels. 
w a s  added i n  front of these chambers t o  reduce the signal t o  the startup 
channels a t  fu l l  power i n  order t o  extend f i ss ion  chamber l i f e  and avoid 
saturating the l o g  count ra te  meters. 
were fabricated fo r  both the ion chamber and f iss ion chambers. During 
replacement of the step plugs, a radiatior, beam of 240 R/hr w a s  encountered* 
This did not interfere  w i t h  the replacement operation, since it was pos- 
s ib le  t o  keep personnel i n  moderate radiation f ie lds  and minimize the time 
that the plugs were out of the reactor. Activation of the step plugs was 
negligible. Of the three f i ss ion  chambers available fo r  use when the dual 
chamber housing w a s  being closed, only one shared completely sat isfactory 
e l ec t r i ca l  characterist ics.  
resistance from collector t o  shel l ,  and t h i s  resistance on the th i rd  
chamber w a s  unacceptable. 
and the marginal one was instal led i n  channel #2. 
t o  be inoperative because of voltage breakdown i n  the chamber or i t s  
connecting cable. 
the connector remade f o r  channel #l a t  the f i rs t  opportunity. 

To make 

This permitted the use of a single 
A 1/8-inch Bora1 neutron shield 

New step plugs and chamber housings 

One of the others had marginal e lec t r ica l  

The good chamber was instal led i n  channel #l, 
Channel #2 has proved 

A new chamber i s  t o  be instal led i n  channel #2 and 
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Accumulated evidence may indicate the presence of me o r  more fai led fuel  
elements in  the reactor. Activity levels of f iss ion gases in  the primary 
coolant continued t o  be higher than expected fo r  the known uranium i m -  
pur i ty  i n  coolant water and i n  reactor components. Activity was observed 
a f t e r  power level  increases w i t h  subsequent decreases t o  much lower 
equilibrium levels at constant parer. The coolant ac t iv i ty  level  has not 
proved t o  be an operating problem. 
experienced during early operation i n  the power range have not re- 
occurred. This is  due t o  be t te r  ventilation air-flow channeling and fewer 
gas leaks from tbe primary system. 
revisions required t o  get t h i s  system t o  routine operational capability. 
Preliminary tests on gas separation indicate tha t  the separators are 
functioning sa t i s fac tor i ly  but that the gas l ines  are plugging from con- 
densation. Termination modification is in  progress t o  provide a signal 
suitable f o r  scanning. 

The high air-borne ac t iv i ty  levels 

Work continued on rupture monitor 

, 

The preventive maintenance basic card system and policies have been se t  up. 
Control features are only par t ly  covered fo r  the reactor and l i t t l e  work 
has been done on loop instal la t ions.  
all mechanical sea l  p u p s  except the primary pumps. 
l i s ts  w i l l  cmtinue. 

Check lists are i n  draft form f o r  
Preparation of check 

Eagineering Analyses. 
shields were made f o r  PRTR operation a t  45 W and from the data obtained 

Neutron flux measurement through the p r i m a r j  

an extrapolation w a s  made f o r  70 MW operation. The fluxes reported pre- 
viously were low by a factor  of 0.63 due t o  a recalibration of the power 
recording instruments. 
surement, a comparison of the two measurements has been made. 
concluded from these measurements that  core ganana leakage rather than 
piping activation w i l l  be the major component of shutdown dose rates .  

Allowing f o r  a factor  of 0.63 in the f i r s t  mea- 
It is  

Considerable data were accumulated during the month on the various power 
tests. 
showed no serious neutron streaming. 
been Installed around the lower piping t o  the reactor has eliminated any 
serious activation problems. 
Positioning) shared that the chambers had the desired range. 
channels were found t o  be located i n  too high a f lux f i e l d  and were 
shielded t o  reduce the flux a t  the chambers. 

Shielding surveys as par t  of Parer Test No. 3 (Shielding Adequacy) 
The cadmium shielding which has 

Campletion of Parer Test No. 1 (Ion Chamber 
The startup 

Data obtained f o r  Power Test No. 4 (Vibration and Noise Monitoring) showed 
110 unusual vibration or  sounds. 
Testing) a high steam dnm enclosure temperature of 152 F maximum was re- 
vealed during reactor operation. 
and corrections are being made in the ventilation system t o  reduce t h i s  
temperature. All other temperatures were satisfactory.  

Under Parer Test No. 7 (Ventilation System 

This temperature was carefully monitored 

Data were obtained f o r  the following tests and i s  currently being eval- 
uat ed : 
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Power Test No. 6 - Planned Malfunctions 
Power Test No. 9 - Heat Transfzr Coefficients 
Power Test No. 10 - hbderator Flow and Temperature 
Power Test No. 11 - Photolzeutron F l u  
Power Test No. 12 - Reactivity Coefficients 
Power Test No. 14  - Flux and Power Distribution 
Power Test No. 16 - Xenon Poisoning 
Power Tes t  No. 18 - S h i m  Rod Heating 
Power Test No. 20 - Fuel Element Inspection 
Power Test No. 23 - Process Tube Inspection 
Power Test No. 24 - Raw Water, Secondary & Effluent System. 

From a physics standpoint, reactor operation i s  as antic3pated. Changes 
are  being made in  the Xenon Tables t o  bring them into be t te r  agreement w i t h  
observed xenon transients.  
t o  permit the s h i f t  engineers t o  evaluate the react ivi ty  status of the re-' 
actor. 
t ion  of tube power dis t r ibut ioz.  
average power distribution r a t i o  of 1 .3  under equilibrium conditions. 

Data sheets and procedures have been prepared 

A machine prograsl is being prepared t o  permit more rapid calcula- 
Data obtained t o  date showed a peak t o  

Evaluation of potential  corrosion problems i n  the reactor system continued. 
Major e f for t s  have been devoted t o  secondary coolant water quality, par- 
t i cu la r ly  i n  the main steam generator, and the consideration of the eliini- 
nation of hydrogen overpressure i n  the helium stream in  the reactor core 
blanket sys tem. 

A check of process water use rates  w a s  made because of an apparent low 
process water pump discharge pressure. The resul ts  revealed that gauge 
calibration was the cause of the problem. 

Revision of Operating Procedures and Standards continued during the month 
as experience was gained i n  reactor operation. A t  the end of the month 
two standards and fou r  procedures remain t o  be written. 
review of standards and procedures i s  planned t o  bring them up t o  date. 

An extensive 

Thermal Hydraulics Studies 

Heat Transfer Calculat,ions fo r  the PRTR. 
determine if  boiling could occur on the outer surfaces of the primary 
treatment neat exchanger (HX-5), possibly result ing i n  increased chloride 
concentration a t  these surfaces w i t h  consequent s t ress  corrosion. The 
calculations showed that  no boiling should occur w i t h  the heat exchanger 
clean. 
a t  the tube surfaces or  i n  the fouling layer could occur. 

Calculations were performed t o  

With the heat exchanger tubes fouled, s l igh t  vaporization of water 

Limited data taken during reactor operation a t  35 and 45 W were analyzed 
t o  determine i f  there was any evidence the moderator and ref lector  system 
would be inadequate fo r  reactor operation a t  70 MW. 
cated that  t he  heat load i n  the moderator i s  about six percent of the 
t o t a l  reactor power. 
i n  designing the moderator cooling s y s t e m  but is about twice the load 
expected from l a t e r  calculations. 

The analysis indi- 

This heat load i s  approximately equal t o  tha t  used 
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Analysis of preliminary data for  the reflector system indicates a heat 
load of approximately 1.2 percent of reactor power as compared with a 
design value of 0.75 percent. The fouling allowance included i n  
designing the ref lector  heat exchanger should allow satisfactory 
operation of the system a t  design conditions so long as the heat ex- 
changer is clean. Some cleaning of the heat exchanger or adJustment 
of conditions may be necessary as fouling progresses. 

plutonium Fuels Develmment 

P"R Fuel Fabrication. 
Plutonium-aluminum spike fuel  elements t o  be used a t  the ra te  of one per 

The FTQR schedule ca l l s  f o r  28 replacement 

week a f t e r  the reactor reaches f u l l  power on the original core loading. 
Six B r k  I - H  (Al-2 ~ i - 1 . 8  Pu alloy core and 35-mil w a l l  Zircaloy-4 
sheath tubing) 19-rod clusters are completed. 
25 additional clusters are awaiting etching and autoclaving. 

Fuel element rods f o r  

Zircaloy sheath tubing is  being prepared fo r  the 22 high exposure 
plutonium-aluminum spike fuel  elements wnich are scheduled t o  follow 
the 28 replacement elements i n  the P"R. The tubing is  being gaged, 
cut t o  length, counterbored and the first end cap welded i n  an attempt 
t o  have all tubes ready fo r  loading by the time the high exposure plu- 
tonium arrives i n  August. 

Fabrication Development. 
control plutonium dis t r ibut ion along tfle length of the U@-Puo;! fue l  
elements. 
dis t r ibut ion along the tube length within plus or minus f ive percent 
of the nominal plutonium concentration which is 0.500 weight percent 
plutonium. Since it is unlikely that  a nondestructive t e s t  which is 
capable of 100 percent inspection w i l l  be developed t o  detect these 
small absolute differences (0.007-gm/inch) i n  plutonium content, uni- 
form plutonium concentration w i l l  have t o  be insured through process 
control, which may require extensive destructive evaluation of the 
process s teps . .  A manual powder loading machine has been purchased t o  
obtain the accurate increments required i n  the process. 
resul ts  indicate that the reproducibility of the increments is within 
the desired limits. 
capabili t ies of the instrument in  delivering increments of fused UO2 
of various screen s izes .  

A loading nethod w a s  developed t o  accurately 

The goal of this  loading technique is  t o  obtain a plutonium 

Preliminary 

Further tests are being conducted t o  determine the 

Since a uniform blend of f ine  (-325 mesh) UQ-Pu% is  required as feed 
material f o r  the incremental loader, an experimental blend was made, 
and analytical  samples taken. The blend was obtained by sprinkling the 
PuQ uniformly over the surface of the UOp, mixing the  powder manually, 
and then blending f o r  two hours i n  a twin she l l  blender. These mixing 
precautions were undertaken t o  minimize aggloneration of the plutonium 
oxide par t ic les  which have a high surface ac t iv i ty .  
1 .5  percent variation i n  plutonium content was obtained from the Samples 
taken. M t e r i a l  balance fo r  the experiment was within one percent which 
is  within the analytical  precision. 

A plus or minus 

UNCLASSIFIED 



UNCLASSIFIED A-23 

Five-inch capsules and several ehart rods, fo r  a seven-rod cluster,  have 
been fabricated as prototypes of i r radiat ion pieces using U% as a stmd- 
i n  material f o r  the U Q - P u @  mixed oxide. The density of the fuel  
material i n  these pieces following swaging w a s  88 percent of theoretical .  
The i r radiat ion capsules and seven-rod cluster  w i l l  be uniformly enriched 
and are t o  be incrementally loaded with the mixed oxide. 
capsules have been incrementally loaded with the mixed oxide. Two of 
the capsules were sampled f o r  chemical analysis following loading. 
other two capsules were swaged and then had samples cut, t o  determine 
whether swaging s f fec ts  the plutonium distribution. !Be capsules fo r  
i r radiat ion studies will be fabricated when the analytical  resul ts  on 
the above pieces are received. 
seven-rod cluster  elements. 

Four test 

The 

Similar experiments are planned f o r  the 

Since large quantit ies of adsorbed and absorbed gases may be associated 
w i t h  the fabrication of physically mixed oxide fuels,  preliminary studies 
were undertaken t o  determine the severity of the gas evolution problem. 
Gas evolution samples were taken from s ix  par t ic le  sizes of arc-fused, 
pulverized U% a t  1000 C. The following resul ts  were obtained: 

Wsh Size cc/g * 
+ 60 
- 60 + loo 
-100 + 150 
-150 + 200 
-200 + 325 
- 325 

0.091 
0.2lg 
0 197 
0.288 
0 517 
0.832 

*Average of three samples. 

G r a b  samples of the pulverized UQ contained 42 percent plus 60 mesh, 
21 percent minus 60 plus 100 mesh, 10 percent minus 100 plus 150 mesh, 
eight percent minus 150 plus 200 mesh, eight percent minus 200 plus 
325 mesh, and ten percent minus 325 mesh par t ic les .  Two gas evolution 
samples of t h i s  material taken a t  1000 C averaged 0.275 cc/g. 
calculated from the gas evolution of the par t ic le  s ize  ranges fo r  a 
sample containing these par t ic le  s izes  i s  0.251 cc/g. 
analysis show tha t  the gas is  principally N2. 

The v a l u e  

Spectrographic 

An assembly is  being prepared t o  explore the f eas ib i l i t y  of hot roll ing 
U Q - P u Q  powder mixtures t o  obtain high density fuel  core feed material. 
A mixture of 20 w/o Pu% - 80 w/o mlnus 325 mesh fused U% was b a l l  
milled fo r  two and one-half hours. This material w i l l  be loaded in to  a 
s ta inless  s t ee l  container and hot rolled a t  900 C. 
mixed oxides w i l l  p a r t i a l ly  s in t e r  and form a solid solution during the 
hot rol l ing.  

- 98 percent of theoretical  density. Hopefully, comparable densit ies may 
be obtainable w i t h  mixed oxides. 

It is hoped tha t  the 

One compact which contained only UO;, was hot rolled t o  

UNCLASSIFIED 



UNCLASSIFIED A-21; p r  HW-70658 

I 2 3 b  

Fuel Evaluatior,. 
from an irradiated PIiTR element and is  being examined i n  Radiometallurgy. 
The degree of corrosion which occurred during operation of these elements 
in the fluoride and chloride contaminated primary coolant is of particu- 
lar interest .  The spacing w i r e  was r a v e d  fromthe rod, and no signs of 
corrosion between the wire and the fue l  rod was observed. The fue l  rod 
vas sectioned through the corroded areas w h e r e  the Zircaloy bands w e r e  
in contact with the cladding. 
more than one p i t  was found in each. 
examhed has been O.OO3-inch, and some p i t s  are as large as 0.03O-inch 
in d i a t e r .  
p i t ted  areas on the sanrples examined thus far. 
hydride concentration of 20-30 ppm was observed in  the Zircaloy-4 clad- 

One of the aluminum-plutonium fuel  rods w a s  removed 

Two such are88 have been examined, and 
!!Be maximum depth of the p i t s  

Ho increased hydrogen content has been observed in  the 
A generally dispersed 

ding. 

Both end caps were sectioned in  the areas where the spacing wire goes , 

through the cap aud is welded. 
oacurred in this region. 
inch deep. 
were observed in the corroded areas. 
not high enough t o  permit the hydrogen t o  diffuse. 
generally had about 20-30 ppm hydrogen whereas the end cap material had 
v e r y l i t t l e .  

Corrosion of the wire and end cap has 
Scine of the areas had corroded about 0.005- 

Localized regions containing high hydride concentrations 
Apparently the temperatures were 

The w i r e  material 

Both the wire and end cap are Zircaloy-2. 

Also, a section of the Wrcaloy-2 end bracket has been examined. 
sectioned where two pieces are joined by projection welding. 
corrosion has occurred in the crevice. 

It w a s  
Some 

Froar observations which have been made thus far, it appears that the 
corrosion of the cladding is  not severe and no incressed hydriding has 
resulted. The amount of corrosion and hydriding which have oucurred 
where the w i r e  is attached is probably of l i t t l e  concern at  this point. 
If, however, corrosion proceeds even in  good quality water, spacing 
wires may start coming loose. Any protection afforded by the Zircaloy 
aUtOclC%ve f i lm is not apparent at  t h i s  time. If a crevice I s  present, 
aUtQclaved and unautoclaved Zircaloy both corroded about the SEUIP~. 
Exemination of t h i s  element is aaatinuing. 

An analysis of the accuracy of the preliminary calibration rmcasurements 
pprde with the Phoenix capsules In the Advanced Reacrtivity Measurement 
Fac i l i ty  (ARMF) has been completed. 
of the measurements is sat isfactory for achieving the objectives of the 
arperlment. 
lnede before i r radiat ion of the samples commences. A plo t  of the data 
illustrates the reactivity effect  of the different  plutonium concentra- 
tions and the react ivi ty  sens i t iv i ty  of the AFMF f o r  the same samples 
measured in  different  positions in the ARMF. It also i l l u s t r a t e s  the 
self-shielding effects  of the higher plutonium concentration samples 
even though t h i s  effect  is quite small. A standard sample which con- 
tains no fuel or boron was furnished fo r  conf'inaing the  point at  which 
the calibration curves converge. 
plutonium-boron alloys which w i l l  be used f o r  the poison sens i t iv i ty  
standards. 

It was determined that the accuracy 

A final check of the calibration measurenents wi l l  now be 

Work is  progressing on casting aluminum- 
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The 11 irradiated UQ-Pu% capsules have been recharged into the MPR f o r  
additional exposure and include s ix  law-density and f ive  high-density 
pieces. All specimens are t o  be frrsdiated f o r  four cycles. 
rent exposure on some of the law-density specirmens is estimated t o  be 
on the order of 7000 WD/T of fuel core material. 

The cur- 

The capsules f o r  the in-reactor sintering studies on UCQ-Pu@ and the 
d i rec t  cormparison of the radiation behavior of UC&-PuC& and enriched U@ 
are being fabricated. Jacketing components f o r  the specimens, which are 
t o  be irradiated in the MPR hydraulic rabbit f a c i l i t y  (Va-4) have been 
completed, and the fue l  core pe l le t s  are being ground t o  f i n a l  dimensions. 
The latest informstion fromthe MCR indicates that the tentative charging 
date f o r  the four capsules is about mid-August . 
operate with a specific power of 20 kw/ft. 

The specimens ere t o  

A more advanced capsule model for use i n  the hydraulic rabbit  f a c i l i t y  
on future experizmnts is presently being designed. 
work on the in-reactor temperature monitoring equipment f o r  the U@-RaQ 
test e lemnts  f o r  the SNOUT Faci l i ty  is currently in progress. A mockup 
of the proposed u n i t  has been designed and par t s  are being fabricated 
and assembled. 

I 

Detailed design 

Euratom U%-PuOp Fuel Pins. 
fabricated f o r  a Euratom program being run by Vallecitos Atomic Labora- 
tory. These pins each contain 18 sintered oxide pe l l e t s  94-98 percent 
theoretical  density, about 3/8-inch i n  diameter by one-half inch long. 
The oxide is mixed U@ - 1.5 w/o puo;!. 
(nominally 17 percent Pu-240) material. 
and inserted in to  Wrcaloy cans. 
runs were made, a die f o r  the automatic Kux press was designed and bu i l t ,  
and a fabrication technique was developed. ?lest sintering runs show that 
four hours a t  1550 C in hydrogen are suff ic ient  t o  bring the pe l le t s  into 
the required density range. 
values. 
t o  s ize  the pe l le t s .  

Twenty-one fue l  pins are currently being 

The latter is high exposure 

During the month exploratory sintering 
The pe l le t s  are t o  be ground 

llhe shrinkage checks with the calculated 
Only one t o  three mils w i l l  have t o  be ground off the diameter 

Fabrication of Reactivity Test Standards f o r  Bettis .  
the fabrication of aluminum-gold, aluminum-uranium, aluminum-plutonium, 

B e t t i s  requested 

aluminum-uranium-boran, and aluminum-plutonium-boron alloys clad i n  
zirconium f o r  physics experiments. The aluminum-gold, aluminum uranium, 
end aluminum-plutonium alloys have been cast  and extruded. 
the gold and u r e i u m  alloys, although incomplete, w e r e  satisfactory.  
Attempts t o  make accurate boron al loys using amorphous boron were unsuc- 
cessful; the boron recoveries in the alloys were very low. A new ser ies  
of alloys w i l l  be made using aluminum-boron master alloy additions. 

Analyses of 
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U@ Fuels Development 

Magnetic Force Welding. An investigation of welding sintered al;lmirim 
product (SAP) simulated PJel rod closures is being conducted under the 
jo in t  AECL-kC program, using the laboratory magnetic-force resistance 
butt  welder. Alloy M-257 w i l l  be used for  the f irst  part  of the program 
and both M-257 and M-583 w i l l  be used i n  the l a t t e r  par t  of the program. 
These alloys contain seven percent oxide. 
pmder with the M-583 being Swedish prepared powder, processed into rod 
and tubing by Alcoa. 

Two weld joint  designs will be evaluated: 
taper cap pressed in to  the tube t o  form a joiilt between the OD of the 
cap and ID of the tube, and (2) a butt  weld between the cap and the end 
of the tube. 
insert weld joint  design. This joint  design has the advantages of 
(1) self-aligned parts,  ( 2 )  forclng of upset metal en&-wise only, and 
(3)  a large weld cross-section. 
of high resistance material is employed t o  carry the veld ccrrent t o  
the tube. 
the tube. 
panded out against the electrode by the tapered cap, during the i n i t i a l  
pressure application. The weld area produced by :he inser t  welding 
technique is larger  than the cross-sectional area of the tube w a l l .  
The large weld requires the use of m a x i m  maciliL?e welding current. 
The point of greatest  heat buildup is at  the interface of the moving 
electrode and the cap. 
the electrode before a sat isfactory weld i s  obtained. 
is  being fabricated. 
heat required at  the weld interface without overheating The cap electrode. 

The M-257 is  Alcoa prepared 

(1) an inser t  weld with a 

me i n i t i a l  welding studies have been performed with the 

A non-segmented cylindrical electrode 

The electrode opening is  0.004 inch larger  i n  8 i m t e r  than 
The tube is  recessed 1/16 inch in the electrode md is ex- 

Arcing at  th i s  point has resulted i n  damage t o  
A new electrode 

h d i a t e  e f for t  w i l l  be directed t o  produce the 

. Zircaloy-clad fuel rods were hot swaged a t  800-850 C, and F 0 passed all quality control t e s t s .  The rods rejectdd during radio- 
graphic tes t ing of the closures and during fluorescent penetrant tes t ing 
of the rod surfaces are being recla-d by rewelding the end caps and 
regrinding the fue l  rod surfaces. 

Screen analyses made of various batches of crushed fused Uo;? revealed 
considerable variation in part ic le  s ize  dis t r ibut ion between batches. 
These materials will be hot swaged i n  Zircaloy cladding a t  800 C t o  
determine whether o r  not par t ic le  s ize  dis t r ibut ion significantly 
affects  the bulk Uo;! density a f t e r  hot swaging. 

Micronized U@ was heated a t  800 C fo r  24 hours t o  expel gases adsorbed 
on the surfaces of the par t ic les  and loaded, in  helium, into Zircaloy, 
stainless s t ee l ,  and Inconel-X tubing. 
swaged. 
pressure problem encountered i n  previous attempts t o  hot swage microni- 
zed U%. 

These fuel  rods w i l l  be hot 
This degassing treatment i s  expected t o  eliminate the gas 
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Inspection of the components of the swage 
surface p i t t ing ,  presumably because of the graphite-water suspension 
used as a lubricant during hot swaging. 
are being evaluated. 

Hydriding of Zr-2 and Zr-4. 
discharged from KE Reactor a f te r  successfully completing 20 weeks of 
irradiation. 
mine the effect  of long term irradiat ion at relat ively low power genera- 
t ion  on the hydriding characterist ics of defected Zr-2 and Zr-4 (low 
nickel 2 - 2 ) .  m e  th i rd  Hanford defect tes5, which w i l l  have a heat 
generation ra te  -2-1/2 t-s that of ED-2, w i l l  be charged as soon as 
scheduled reactor modifications are  completed. 

used fo r  hot swaging showed 

Other hot swaging lubricants 

The second Hanford defect test (HD-2) was 

The element w i l l  be metallographically examined t o  deter- 

PR!l!R Fuel Elements. 
sa t i s fac tor i ly  i n  the PRTR a t  mximum reactor design power (70 W ) .  
Two fue l  eleplents were visually inspected a f t e r  i r radiat ioo at full 
power and revealed no evidence of corrosion or s t ructural  weahess. 
The improved coolant qual i ty  appears t o  have removed a light crud fi lm 
vis ible  on some of the rods during an ea r l i e r  inspection. 

Nested Tubular Fuel Elements. Planned studies involving three 8-foot 
long Mrk 11-C tubular fuel elements include extensive out-of-reactor 
and in-reactor tes t ing.  Qe assembly w i l l  be f l a w  tested i n  the PRTR 
mockup coolant channel i n  314 Bui ld ing .  
i r radiat ion i n  the PRTR i n  the near future. 
be used fo r  c r i t i c a l  tes t ing and/or PRTR i r radiat ion.  

The bulk density of the vibrationally compacted fused U@ is 8 7 - 8 s  TD. 
The crushed and sized fue l  material was vacuum outgassed f o r  six hours 
at 750 C before loading t o  minFmize gas release during irradiation. 

Swaged U% 19-rod cluster  fue l  elenrents operated 

One assembly is scheduled fo r  
The third assembly w i l l  

The cladding for the three fue l  assemblies is' 0.060-inch wall 
Zircaloy-2. 
high frequency resistance welding process. 
inspected. 
closure technique involving resistance seam welding followed by iner t  
gas tungsten arc welding. The closures were examined by radiography. 

Spacer ribs were attached t o  the cladding by a continuous, 

Ebd caps fo r  the tubular segnents were attached by a double 
The welds were ultrasonically 

The fue l  segments were etched, autoclaved, and visually inspected. 
Gamma attenuation measurements are  being performed pr ior  t o  f i n a l  
in-reactor evaluation. 

Fuel Evaluation. Preliminary examination revealed that the fa i lure  of 
the prototypic nested tubular fuel  element (GEE-12-22) occurred on the 
inner surface of the inner tube. 
heat f lux during i r radiat ion and may have overheated during the flow 
stoppage i n  the reactor coolant tube during the i r radiat ion t e s t .  
element i s  being returned t o  Hanford f o r  metallographic examination. 

This surface experienced the greatest 

The 
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Preliminary examination revealed that  at leas t  four  rods of a large 
diameter ( 0 . 9 0 6 ~ ~  O), seven-rod cluster  (GEH-12-19) s p l i t  during ir- 
radiation in  the ETR, possibly indicating a limit t o  the feasible 
diameter of swaged fue l  elements. 
s t ee l  clad rods occurred during reactor startup while the elemnt  w a s  
operating a t  about 80% of f u l l  power. 

Failure of the swaged, stainless 

Corrosion and B t e r i a l s  Studies 

PRTR Corrosion Bcamination. 
were corroded under the gaskets during the inciderice of high fluorides 
in the primary coolant fo r  the f i rs t  three weeks of May. 
removed and the flange examined metallurgically t o  determine the extent 
of the corrosion. 
tural Mter i a l s  Development Operation. 

The corrosion of the upper flange took place under the first three or 
four rings of the laminated s ta inless  steel-asbestoes gasket. 
maining seven or eight rings i n  the gasket l e f t  marks through the auto- 
clave fi lm on the Wrcaloy; however, no significant corrosion took place 
in these crevices. 
270' of arc on t h i s  tube. S w  other tubes showed corrosion under the 
full width and circumference of the gasket. 
2 and 3 mils of metal penetration w i t h  very localized hydriding fo r  an 
additional 2 t o  3 mils. Several p i t s  from10 t o  15 mils deep were found 
on the gasket surface apparently associated with a fusion weld attaching 
the flange t o  the tube proper. 
reactor service. 
sion on i t s  bottom. 
through the weld t o  the threaded joint  between the tube and flange. 

The Zircaloy-2 process tube flanges i n  PIER 

Tube #11% was 

The reminder of the tube is being evaluated by Struc- 

The re- 

The corrosion ring was f a i r l y  uniform over about 

The corrosion ranged between 

It is  concluded that- these p i t s  predate 
One p i t  was observed t o  have a small amount of corro- 

None of the p i t s  i n  the tube examined penetrated 

Four sectors of a similar flange were defected through the weld into the 
threads with a l3-mil d r i l l  in order t o  determine i f  a defected tube 
w o u l d  pass inspection after etching and autoclaving. These defected 
segments were welded at cut ends and given a standard etch and autoclaved 
fo r  36 hours a t  400 C. Only one of the four segments showed white corro- 
sion product i n  the vicini ty  of the defect detectable under ordinary 
inspection. 
corrosion product in the bottom of the defect holes. Three of these 
defected sections w i l l  be vacuum loaded wi th  contsminated reactor coolant 
and autoclaved fur ther .  

Microscopic examination revealed a small amount of white 

400 Series Stainless Steel  Corrosion. A r o l l  pin from the fuel  element 
hangers and a shaft  from P-11 valve were both examined m&KLlurgically. 
These are both of 400 ser ies  s ta inless  s t ee l  and were cracked. The r o l l  
pins had a hardness of Rc-45 while the shaft was  RB-80. 
lurgical  examination revealed the r o l l  pins had been extensively cracked 
before going in to  the reactor; however, a further intergranular attack 
took place on the surfaces i n  reactor service. 
sof t  shaft  were judged t o  be mechanical i n  o r i g k .  
p i t s  t o  a depth of 21 mils. 

The metal- 

The two cracks in  the 
The shaft displayed 
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300 Series Stainless Steel Corrosion. 
been found in PRTR 300 ser ies  s ta inless  szzel specimens examined during 
the month. 

No new examples of cracks have 

Fretting of Zircaloy. 
in a prototypical, ex-reactor f a c i l i t y .  Examination of the element and 
process tube section after two additional two-week exposure periods re- 
vealed that f re t ted  areas 2 t o  5 mils deep develop on the process tube 
at the fue l  support areas each t i m e  the position of the fue l  element i s  
changed. 
increase with increasing exposure time. 

The PRTR fuel  e lemnt  f re t t ing  t e s t  is  continuing 

Emever, the depth of p i t t i ng  does not appear t o  significantly 

PFlTR Process Tubes. The physical integri ty  and corrosion resistance of 
the 33 PRTR spare process tubes w i l l  be determined by the following 
t e s t s  : 
ultrasonic w a l l  thickness measurement, and pickling and autoclaving. 
As shown by the ultrasonic f l a w  detection test, 28 tubes are  f ree  of de- 
fec ts  on the large diameter while the discontinuities tha t  were detected 
on the other f ive  tubes are expected t o  be readily removed i n  pickling 
or  conditioning. Testing i s  expected t o  be completed on the first six 
tubes in August, and the remaining tubes should be conpleted at  a ra te  
of about s i x  tubes per month. 

ultrasonic- f l a w  detection, radiography, fluorescent penetrant, 

PRP Sheath Tube Program. An exper-nt w a s  designed and performed t o  
investigate the effect  of cer ta in  variables i n  the fluorescent penetrant 
nondestructive test on the outside surface of sheath tubing. The vari- 
ables studied were: operator effect  on tube preparation, penetrant o i l  
bath t i m e  effect ,  emulsification bath t i m e  effect ,  developer drying t i m e ,  
and operator reading effect .  Each of these variables was considered a t  
two levels using sixteen tubes which had been previously rejected i n  the 
fluorescent penetrant test fo r  four o r  more indications. The tubes were 
processed in  batches of two, each batch being prepared and read fou r  
times using four d is t inc t  factor  level  combinations. 

bBking multiple runs on the same tubes, even though the tubes were 
thoroughly cleaned between rwm, was recognized as another possible 
variable. 
nif icant  difference i n  the number of f l a w s  read due t o  t h i s  factor.  

However, analysis of the data shows tha t  there w a s  no sig- 

A s t a t i s t i c a l  analysis of the data shared that on the average an operator 
w i l l  detect 74$ of the defects on a tube. 
indicates that the r e l i a b i l i t y  of the fluorescent penetrant nondestruc- 
t i ve  test is  not significantly affected by the change i n  levels of the 
variables i n  the ranges considered. This information is  valuable i n  
that it indicates no need t o  put r igid time ranges on the various bath 
times and drying times. H o w e v e r ,  there is  a s l igh t  indication that the 
longer developer dryer time resulted i n  fewer indications being detected. 
A t e s t  w i l l  be designed and run on the inside diameter of the tubing t o  
determine the r e l i a b i l i t y  and efficiency of t h i s  portion of the t e s t .  

Furthermore, the analysis 
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The use of the line-focused lithium sulphate ultrasmic crystal has 
materially speeded up the ultrasonic test of sheath tubing by almost 
doubling the scanning speed. 
testing to detect both longitudinal and transverse defects. 
two separate scans of the tube are required to detect both types of 
defects . 

This crystal is zow bekg used in rout.be 
However, 

A total of 183, O.@O-inch ID tubes from the new tubing order ~1x-58863 
VSB tested with fluorescent penetrant. 
a new process which was to have resulted in improved tube quality. 
Sixty-seven percent of the tubes passed the Zyglo test. 
of the tubes showed iadications on the inside surface while on ly  three 
percent had indications on the outside surface. 
inside surface of the tubes under white light showed that most of the 
defects were impressed particles. 
studied by x-ray diffraction techniques in an effort to determise the 
source and eliminate the condition. All of the outside surface defects, 
of which there were only five, may be reconditimerl successfully here. 

These tubes were fabricated by 

Thirty percert 

Examination of the 

This inpressed material is being 

Migration of Eydrides in Zircaloy. 
mine whether or not a hydride phase formed on the surface of Zircaloy-2 
specimens will tend to migrate into the base metal under conditiom of 
thermal cycling, to yield hydrogen concentrations in the bulk metal 
greater than one would expect from solubility limit considerations. 
The entire sample temperature is cycled daily between 20 C and 300 C, 
while maintaining a negligible temperature gradient in the test specimens. 

A study has been undertaken to deter- 

In order to form a continuous, uniform layer of hydride, specimens were 
he8ted to 900 C to dissolve any surface oxide layer, quickly cooled, and 
hydrided between 200 C and 300 C. Enough hydrogen was added to each 
spec- to the over-all hydrogen content 600 ppm, though the metal 
under the surface hydride layer never exceeded the 300 C solubility 
limit (100 ppm). 

Specimens examined metallographically after three cycles and 20 cycles 
show no more hydride in the bulk metal than the as-hydrided specimen; 
the 300 C solubility limit has appareztly not yet been exceeded. 

Radiometallurgy Laboratory Studies. 
of fuel made during the month will be found in conrection with the 
development programs served. 

The results of the examir.ations 
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2. PLuToNIuMcERAMfcsREsEARcB 

Plutonium- Uranium Carbides 

Efforts t o  identify the carbon deficient zeta phase i n  several PuCl,x 
alloys by x-ray powder photographs have been unsuccessful. 
gave several l ines  which could not be indexed on the basis of e i ther  
PuC or zeta. The i n a b i l i t y t o  observe zeta, which corresponds t o  a 

- formula of Pu C2, may be due t o  the decomposition of th i s  phase with 
time. Severa? P U C ~ , ~  alloys are presently being subjected t o  a low 
temperature anneal i n  an additional e f for t  t o  detect this  phase. 

One sample 

Lattice parameters of arc-melted PuC-UC alloys do not appear t o  vary 
uniformly with composition. 
PuC and UC are hypostoichiometric with respect t o  carbon and can ex is t  
over a compositional range. 
verify the range of carbon so lubi l i ty  i n  PuC-UC sol id  solutions. 

This is probably due t o  the f ac t  that  both 

Experimnts are presently in progress t o  2 

Additional eqer-nts on quenching arc-melted PuC-UC solid solutions 
from above the PuC per i tec t ic  of 1660 C have indicated tha t  25 a/o UC 
completely s tabi l izes  the decomposition. The phase relations above 
1600 C and below 25 a/o UC are a coexistence of Pu29and a PuC poor 
PuC-UC liquid.  
the quench are nearly constant at 4.9705 A. 

Lattice parazwters of the sol id  solution phase a f t e r  

Plutonium Si l ic ides  

Prior t o  detailed characterization of the plutonium s i l ic ides ,  a single- 
phase product must first be obtained. 
and SIC was compacted and heated in an oxidized tantalum crucible t o  
1400 C f o r  25 minutes at  a pressure of 2 x 10-5 mm Hg i n  an attempt t o  

m e  furnace wa8 cooled a t  form such a single-phase product, 
approximately 120 C per minute t o  room emperature. 
action with the crucible. 
identify the product. 

A stoichiorPetric mixture of Puo;! 

Pu2si2 There was no re- 
X-ray and chemical analyses w i l l  be used t o  

A chemical analysis of a product formed by arc-melting plutonium metal 
rods and s i l icon  pe l le t s  indicated 82.3 w/o Pu - 19.7 x/o Si.  The re- 
actants were mixed with 85 w/o Pu - 15 w/o Si .  
102 percent indicates an analytical  e r ror  and a =re accurate procedure 
is  being developed. X-ray diffraction analysis indicates t h i s  product 
t o  be primarily P~2Si3(beta-PuSig). 
metric balance may be be t te r  maintained by pressing pe l le t s  of plutonium 
and s i l icon  and arc-melting. 
period. 

Obviously, a t o t a l  of 

It is thought that the stoichio- 

This will be done during the next reporting 
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Plutofiium-Zircorium Oxide 

Capsules which contain PuQ-ZrO;! fue l  ccres are being fabricated fo r  ir- 
radiation tes t ing i n  the MI'R. 
t ion  as a ceramic type spike enrichment fuel .  
consists of eight one-half-inch diameter Zircaloy-4 clad capsules each 
containing five pressed and sintered Puo;l-zro;! pe l le t s .  The variables 
that w i l l  be investigated during t h i s  t e s t  are the effects  of plutonium 
composition, center core t eqe ra tu re ,  and exposure on the i r radiat ion 
performance of t h i s  type of fde l  material. Zr@ which contains one and 
five mole percent (2.18 and 10.39 w/o Puw) w i l l  be irradiated a t  twi:  
different core t eqe ra tu res  t o  two differer-t exposures. 
the PuC& additions s tab i l ize  the monoclinic m. 
shock resistance usually associated with monoclinic is caused by 
the tetragonal-monoclinic transfornation. 
occur in the P~opZro;! system. 
Solution is present at all compositions above 1200 C. In the coqos i t ion  
range of in te res t ,  the sol id  solution tracsrorms rrom fcce-ceotered-cubic 
t o  a two-phase mixture of monoclinic 2% and a face-centered-cubic 
sol id  solution. 
of such a magnitude as t o  upset the dimensional s t a b i l i t y  of the material, 
thus i ts  thermal shock resistance is greatly improved. 
samples wi l l  be irradiated w i t h  a calculated m i m u m  core temperature of 
about 1800 C) which is above the sintering temperature. 
samples will be irradiated with a calculated maxim core temperature 
above 2800 C which w i l l  cause center core melting. 
varied t o  provide the desired operating conditions. 

This fue l  material has possible applica- 
The irradiation t e s t  

In  both cases 
The poor thermal 

This transformation does not 
A single-phase face-centered cubic so1,id 

Evridently the severity of this  transformatior: is  not 

Gne set of four 

The other se t  of 

The flux w i l i  be 

Fabrication of the zro;? - 5 m/o Ai& pe l l e t s  has commenced. Puw powder 
was heated i n  a i r  at 800 C fo r  seven hours t o  assure complete oxidation. 
It was then b a l l  milled f o r  24 hours. 
w i t h  the Puo;! t o  form the desired composition and the mixture was blended 
i n  a twin shell blender f o r  72 hours. 
Chemical analysis samples fo r  FJ% content were taken fromthree differ-  
ent  areas of the blended material. 
added as a binder and the material was then dried by heating t o  90 C fo r  
about 45 minutes. 
density of about 53 percent of theoretical .  
diclsleter and 0.573-inch l a g .  
w i l l  be sintered t o  f inal  density in helium. 
final density w i l l  be about 85 percent of theoretical .  
centerless ground t o  f h a l  dimensions before loading. 
will be provided in the capsules; however, MgO spacers w i l l  be used t o  
prevent the ZrC&-FuC& fue l  from coming i n  d i rec t  contact with the end caps. 

Minus 325 mesh Zr@ was mixed 

The Pu@ is minus 325 mesh also.  

Three weight percent Car3owax was 

Pellets are  being pressed a t  1500 ps i  t o  a green 
The pe l l e t s  are  0.570-inch 

It is  expected that the 
After weighing and measuring, the pe l le t s  

They w i l l  be 
Bo end clearance 

Surface Area Masurerent 

The BET f a c i l i t y  has been expanded t o  include an apparatus f o r  the measure 
ment of t o t a l  gas VO~LUIE evolved from a specimen. 
absorbed, dissolved, and ectrapped gases as w e l l  as decomposition products 
An induction co i l  provides a heat source which should be capable of 

These will hclude 
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producing temperatures up to 2000 C. 
concerned with Uo;! gas evolutioE. 
and the species ideztified by mass spectrometry. 
chemical, and x-ray techniques will be used to determine the gas source. 

Initial investigations will be 
The evolved gas w i l l  be collected 

Mztallographic, 

Conductivity Studies 

Apparatus and instrumentation has been designed for initiating a study 
of some of the semi-conducting properties of various plutonium compounds. 
The properties to be determined are electrical resistivity and thermal emf 
which will not only be of interest in themselves, but will also be used 
to detect phase changes and nonstoichiometric effects in plutonium com- 
pounds. Resistivity measuremnts will be made from room temperature to 
1000 C; huwever, thermal emf determinations will initially be limited to 
'near room temperatures. 

3. U@ FUELS RESEARCH 

Electron Eli. c ros  c op y 

Previously reported studies using the high temperature stage to 2000 C 
were repeated, and results were reproducible. 
tainihg sufficient cleanliness within the microscope under these condi- 
tions has developed. Substantial deposits of a reaction product formed 
on internal surfaces in the vicinity of the sample stage, and adversely 
affected the microscope performance. 
from reactions of the tungsten support grid with sample materials, and/or 
with residual air in the microscope column. Other grid rnaterials, im- 
provement of the operating vacuum of the microscope, and modifications 
to allow partial isolation of the sample chamber fromthe rest of the 
microscope are being considered. 

A serious problem of main- 

The deposit appeared to result 

Ecperimznts were performed to determine limits of usefulness of a Vidicon 
closed circuit TV system to assist in electron microscope observations. 
Good quality pictures on the monitor were obtained by focusing the camera 
of the fluorescent screen, to obtain a brilliant image. 
camera was unable to pick up low-level Lmages fromthe microscope screen, 
or reproduces them with excessive background "noise". 
cameras are being investigated. 

However, the 

Other types of 

A pair of cylindrical lenses was made in HLO Optical Shop for photo- 
graphic correction of the distortion inherent reflection microscopy 
images. Experiments are in progress to determine the quality of the 
corrected photographs. 

hklting Point Studies 

Coprecipitated !Tho2 - 4.8$ U@ was examined under the microscope at 
temperatures to the melting point, which was 3240 C 2 20°. Neither 
vaporizaticn nor reaction was evident at temperatures below the melting 
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point; however, the molten oxide apparently wet the tungsten a d  reacted 
quite rapidly to form a dull gray product. 

Pure Th@ also was heated ta the melting point; it behaved like the Th%- 
4.8s Uo;!. 
because it was too near that of the tungsten filament. 

The melting point of the The was not accurately measured 

conductivity of UQ 

A l l  measurements of electrical and t h e m  conductivity of U@ specified 
in the BMIIELO contract fo r  1960-61 were completed. Final data are being 
evaluated and correlated, and a formal joint Battelle-Hanford re3ort will 
be issued covering all aspects of the program. 

Thermal conductivity measurements on the Uo;! irradiated 30 0.06% burnup 
were extended to 886 C (250 C higher than any previous irradiated 
samples in the series). 
ductivity of the irradiated specimen vas less than l oqb  below %ha* of non- 
irradiated material. 
determine extent of permanent recovery of conductivity have not been made. 

, 
At temperatures above TOO C the thermal con- 

Subsequent measuremnts at room temperature to 

Electrical. conductivity was measured on U@ crystal agglomerate prepared 
by electrodeposition in the salt cycle process. 
to 575 C (the maximLun attained), the electrical conductivity was about 
one-fifth that of sintered polycrystalline cylindrical specimens measured 
previously. 

At all temperatures up 

Basuremnts have also been completed for electrical conductivity of UO2 
irradiated to 0.06$ burnup, and of a non-irradiated fused U@ single 
crystal. The thermal conductivity of a vibrationally compacted disc 
also has been measured. Evaluation of data is in progress. 

Irradiation Effects 

Two capsules containing non-stoichiometric Uo;! (O/U ratios between 1.93 
and 1.98) were discharged from the M17R core after successf'ully completing 
two cycles of irradiation. 
radi-tallurgical examinations. 

The capsules will be returned to Hanford for 

Irradiation of U% single crystal wafers continues in the ETR core. 

Irradiation of a thin walled stainless steel clad 9-rod cluster coa- 
tinues in the VBWR without incident. 

&-Reactor Defect Tests 

The Zircaloy-2 microstructure in the vicinity of a 0.005-inch defect 
drilled through the cladding of a reactor simulation capsule showed no 
hydriding. The capsule operated for 30 minutes at a surface heat flux 
Of 200,000 Btu/hr/ft2 with a maximum bulk coolant tenperature cf 45 C 
and a pressure of 80 psig. Studies will be conducted with higher heat 
fluxes. 

UNCLASSIFIED 
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Fuel Evaluation 

4. 

Phosphor screens of zinc sulfide have been prepared f o r  the a toradio- 
graphic examination of irradiated, Uo;! fuel cores. The phos px or screens, 
when placed one-half inch from approximately five grams of irradiated U@, 
produced a soft luminescence which could be seen in a totally dark room. 
Cross-sections of irradiated UC& fuel cores have been prepared for  auto- 
radiographic examination with these phosphor screens. 

Materials 

Uranium dioxide scrap generated offsite during preparation of fused U& 
is being converted to electrodeposited U@ crystals by Chemical Eugineer- 
ing Developmnt Operation, for evaluation in swaged and vibratianally 
campacted irradiation test elements. 
an air furnace to facilitate dissolution in the fused salt bath. 

The scrap was oxidized to U308 in 

BASIC SWELLING PROGRAM 

Irradiation Program 

Irradiation of capsules numbers 7 and 8, each contahing three, hollow, 
split, uranium cylinders, is continuing at constant temperatures of 
525 C and 575 C, respectively. 
cessfully bench tested. It will be used to check out a recently com- 
pleted instrumentation facility at the reactor. 
capsule power supply units w i l l  be used to control temperatures on future 
swelling capsules. 

Capsule # has been completed and suc- 
!!!he new instruments and 

Capsules numbers 10 through 14 are being assembled simultaneously and 
are approximately 30$ c-lete. 
a single reactor test tube and irradiated simultaneously at different 
constant temperatures. 
capsule, No. 15, to be used as a back-up unit if needed or for subse- 
quent irradiation 

Two capsules each w i l l  be entrained in 

Assembly has been initiated on an additional 

Two unmonitored Nag-filled capsules, GEE-14-281 and 282, each containing 
a precharacterized U-U diffusion specimen, have been received in Radio- 
metallurgy and will be opened in the coming month. 
of a depleted core of uranium metallurgically bonded to an enriched shell. 
Four similar capsules, each containing six cylindrical U-U diffusion 
specimens are being prepared for irradiation. 

The specimens consist 

Post-Irradiation Examination 

The radiametallurgical determination of the density and microhardness of 
as-irradiated specimens from capsules 4, 5, and 6 is essentially complete. 
Most of the samples have been polished, etched, and replicated, and 
numerous replicas have been processed and examined in the electron micro- 
scope laboratory. Additional replicas await processing. Certain samples 
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will be annealed a t  select  temperatures and hardness, density and 
metallography redetermined. 

Beta heat treated uranium spheres irradiated unrestrained at volume 
average temperatures of 575 C and 615 C t o  burnups of 0.05 and 0.3 a/o 
contain numerous cracks that  appear t o  be primarily intergranular i n  
nature. 
specimens. Specimens irradiated t o  0.3 a/o burnup, but a t  615 C and 
575 C, respectively, exhibit no significant difference i n  cracking, 
although small differences would be d i f f i cu l t  t o  detect. 
hollow cylinders irradiated a t  about 300 C t o  0.03 a / o  burnup exhibited 
no cracking. 
previously discussed that  had been irradiated below 200 C t o  burnups as 
high as 0.26 a/o. It w o u l d  appear that  the cracking is associated with 
high i r radiat ion temperatures and becoms worse as the burnup increases. 
The 0.26 a/o burnup solid cylindrical  specimen is being polished for  
hardness and d-nsional measurements. It will then be annealed i n  
vacuum at  600 C t o  determine the amount of swelling and cracking tha t  
can be induced i n  t h i s  specimen. 

The cracking is mch more extensive i n  the higher burnup 

The uranium 

Neither d id  short sol id  cylindrical diffusion specimens 

Restrained Irradiations 

Swelling experfments of Wrcaloy-2 clad uranium rods with selected 
uranium temperatures, cladding thicknesses, and burnup are being con- 
ducted employing NaJ-filled temperature monitored capsules. 
from eight rods that were irradiated in ' t he  MCR are being prepared for  
density determinations and burnup analyses. 
derived from these &ata w i l l  be compared w i t h  tha t  obtained from dimen- 
sional measurements of the rods and calculated burnups. 

Samples 

The swelling information 

Additional capsules are being assembled fo r  i r radiat ing Zircaloy-2 clad 
uranium rods. 

In-Reactor Creep hkasurements 

Final parer and control apparatus adjustments are  being made on capsule 
11-2 pr ior  t o  s t e i n g  a creep test. 
reached a new high in the ear ly  par t  of July raising msximum t eqe ra tu res  
t o  the neighborhood of 500 C f o r  a short time. 
therefore, have t o  be conducted at  525 C, rather than the 495 C prev- 
iously reported. 
11-4 indicates an ear ly  failure of the 20,OOO:l gear box. 
laboratory checkout of capsule 11-3, another gear box failure was en- 
countered. 
The fear  fa i lure  was the result of a spur gear slipping on i ts  shaft, 
a condition which cannot be repaired. Welding is  impossible as the 
material is air  hardened tool  steel, and operational temperatures are 
too high for brazing. The 
gear r a t i o  of the new gear box has been reduced from 20 ,OOO: l  t o  2OOO:l 

Gamma heating in capsule 11-2 

The creep t e s t  w i l l ,  

A l i f e  test conducted on the e x t e n s m t e r  of capsule 
During 

The capsule was opened and the gear box removed and examined. 

A replacement gear box is  being obtained. 

UNCLASSIFIED 



6. 

to increase useful life, and the materials of construction changed from 
tool steel to austenitic stainless. 
reduced to reduce gama heating. 

The gear box weight has also been 

Capsule and Instrument Development 

Work has continued on the capsule thermal mockup, design and component 
fabrication is completed, and assembly is now in progress. 
mockups are intended to measure the heat transfer coefficients in the 
capsule in the laboratory by supplying electrical heat to simulate the 
gamma heating of a l l  components and then measuring the exact heat transfer 
values. 

The thermal 

Pre-Irradiation Mterial Characteristics 

Determinatioc of activation energies for the creep of Zircaloy-2 has 
continued. Activation energies found for annealed material at 367, 
376, and 393 C were 56,100 f 3,100; 52,500 2 1,100; and 54,000 2 3,000. 
These values are lower than the average value found at temperatures 
between 300 C and 350 C. 

GASGRAPHITE STUDIES 

ECCR Graphite Irradiation 

Btrapolating from the origin, preliminary results from the H-3-2 capsule 
' ca. 40 000 -/AT) show a departure from linearity in contraction rate 

represent a change in mechanism or simply an expansion of small magnitude 
during the initial phases of the first irradiation period. basurenent 
of the sanrples at the termination of the H-3-3 irradiation will confirm 
which of the possibilities exist. 
NC-7 needle-coke graphite between the terminations of the first and 
second irradiations were -0.02l and -0.026 percent per 1000 W / A T  for 
800 C and 475 C irradiation temperatures, respectively. Flux monitors 
are being measured and when complete will allar firm representation of 
the exposures achieved. 

:z 1s i nvt. This departure, in the direction of a higher rate, may 

Rates for parallel cut samples of 

The H-3-3 capsule, containing graphite fromtwo previous irradiations, 
was installed in the GETR during the week of July 10. The saxples, at 
peak exposure positions, should accumulate an exposure of 60,000 W / A T  
(EGCR) during the next four reactor cycles. 
reactor parer were consistent with previous irradiation temperatures. 

Startup temperatures at full 

In-Reactor Creep 

Five compression test boats at 300 psi (naPninal) have been discharged 
from 2B at KW-Reactor. During the in-reactor test, a slow diffusion of 
carbon through the protective A1203 layer slowly reduced the PbO weight 
material larering slightly the pressures on the sqles during the 
irradiation period. 

I 2 3 b q b 5  
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Five previously irradiated 150 ps i  comgression test boats have been re- 
charged i n  2B a t  KW-Reactor f o r  an additional four  mnths of irradiation. 

Thermal Cycling of Coated Graphite 

A Si-Sic coated sample previously irradiated t o  3000 m / A T  a t  500 C is 
undergoing thermal cycling i n  a i r  from 250 C t o  1200 C at  a frequency 
of seven cycles/hour. t e r  27 hours of t e s t  there has been a s l ight  
weight gain of 2.3 x 10% gm. 

Surface Complex Studies 

The surface area of a s a q l e  of SP-7 graphite was found t o  increase a f t e r  
being used for  surface sorption runs i n  C02 and e. 
resulting from an oxidation of the sample (weight loss  of -four mg a f t e r  
each surface sorption se t ) .  
Co;! folloued by two lzuls in 02 all at 350 C, with intermediate helium 
t r ea tmnt  a f t e r  each run. 
sample was treated with 0.002 M FeC13'6~20 solution i n  which it gained 
2.5 mg. 

The increase may be 

The sorption t e s t s  consisted of two runs in 

Between the two - sets of sorption runs the 

The r a t i o  of C@/@ t o t a l  w e i g h t  gained is shown in  the table: 

RATIO OF WEIGHT GAINED DURJXG SOFPTICN RUNS 

Sorption Tes t  

Before Fecl3.6 H20 treatment 1.41 

meoret ic i?  r a t i o  (correctiag f o r  satura- 
t ion and helium) 1.43 

After FeCl -6~20 treatment ' 1.52 

The hqurity (Fe) apparently enhanced the-anmunt of C% adsorption - 
possibly by increasing a chemisorption phenomena of the C@. 

Argon has been found t o  adsorb on the graphite a t  a rate similar t o  the 
other gases and proportional t o  i ts  molecular weight. 

It has been found tha t  k, the rate of adsorption, according t o  the 
f ollaring equation: 

lOg(Wf - W )  -kt  + In Wf 

is di rec t ly  proportional t o  the flow rate. 
% a t  300 C and (2% at 25 C in the range 0.5 t o  2.5 Cl?H. 
a gas mixture of N SO$ He 
a t  the same rate es a 1- mixture (2.5 CFH a t  25 C )  and saturated at  
N one-half the t o t a l  weight gained. 
adsorption being independent of the gaseous species. 

This has been verified f o r  
Furthermore, 

5C$ C@ a t  a flow rate of 2.5 CFH adsorbed 

These results are  consistent with 

Steam-Graphite Reaction 

Construction of an apparatus fo r  the investigation of the steam-graphite 
reaction has been essent ia l ly  completed. Calibration of water flow rates 

UlrTCLASSIFIED 
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into the steam generator and preliminary rate measurements will be 
initiated shortly. Difficulties in resolving the CO and Co;! peaks 
experienced during the calibration of a fisher Model 25 Gas Parti- 
tioner have been completely resolved by replacing both the silica 
gel and molecular sieve columns. This instrument will be employed 
to analyze products of the steam-graphite reaction. 

Gss Loop Project magexnent and &sign (Project CAB-822) 

a s  loop construction is approximately 918 complete versus 97.59 
scheduled predicted to July 31, 1961. The J. A. Jones installation 
work is 9 6  complete versus 9 6  scheduled. 
to be completed includes installation of the emergency gas addition 
line, installation of the in-reactor section prototype in B cell, and 
calibration and adjustmnt of all instmnts. 

Significant work remaining 

The primary gas loop piping was tested at 535 psig pneumatically, and 
all joints were "sniffer" tested at 50 psig helium. 
and storage tanks were tested at 620 psig and connecting piping was 
"sniffer" tested using 50 psig helium. 
which were corrected. 

The pressurizer 

Three minor leaks were found 

Mr. D. E. Jones of Bristol-Siddeley arrived from England to assist in 
s t a r t u p  of the main gas-bearing compressor supplied for temporary usage. 
I&. Jones observed a dye-penetrant check of the pressure casing in the 
vicinity of the flanges and checked for possible shipping damage and 
correct phasing of power leads. The blower was run at 3600 and 6000 r p m  
using room air at atmospheric pressure and 3600 and ti000 r p m  using 
carbon dioxide at 125 psig pressure. Mr. Jones arrived July 11, and 
departed July 20, after successful operation of the blower. 

The steel shielding and sample casks have arrived and are in temporary 
storage at the PFtlB warehouse. 

7. GRAPHITE IRR#U)IATICEl DAMAGE STUDIES 

Flux  Intensity Dependence of Radiation Damage 

A series of TSX samples were irradiated in the MFR for 30.3 effective 
days at an estimated temperature of 50 C to augment data on the in- 
tensity dependence of l a w  temperature radiation damage. 
length and c spacing were used as indicators of damage. 
flux intensTty of 1 x 1013 nv 0 1  Mev) to a total exposure of 
3 x 1019 nvt, the rate of length change was l.O$.per 1020 nvt. 
intensity of 3.2 x 1013 nv to a total exposure of 10.5 x 1019, the rate 
of length change was 1.3% per 1020 nvt. Thus, there was a 30% increase 
in rate associated with a three-fold increase in flux intensity. 
surements of c spacing change were made at fluxes ranging from 6 x 10l2 
to 4.5 x 1013-nv. The c spacing results indicated a slight decrease in 
the rate of expansion wTth increasing flux intensity. 

Chaages in both 
At an average 

At an 

&a- 
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These results suggest tha t  even closely related damage phenomena such 
as length and c spacing do not possess the same flux intensity depend- 
ence. 
guide estimates of radiation induced length changes should monitor 
length changes primarily and not re ly  on measurements of other prop- 
e r t i e s  which might be more conveniently measured. 

TherefoFe, f l u  intensi ty  measurements which are intended t o  

Supercrit ical  Pressure Water Reactor Study 

The conceptual design and economic evaluation of a 300 We Supercritical 
Pressure Parer Reactor (SPPR) w a s  completed and is being issued as 
document Ell-68420. The following conclusions were drawn from the study: 

1. The f eas ib i l i t y  of the reactor concept selected fo r  evaluation 
( l ight  water cooled and moderated w i t h  the inverted cluster  fue l  
element as the pressure member) depends primarily on the suc- 
cessful long term exposure (25,000-40,000 W / T )  at  high coolant 
temperatures (1000-1200 F) of the inverted cluster  fue l  element. 
This i q l i e s  that the irradiated properties of the materials used 

~ in the fue l  element should not be greatly different from the un- 
irradiated properties. 

2. Based on the Nuclear m e r  Plant ' s  Cost Evsluation Handbook method 
of computing unit  power costs, the SPPR u n i t  power cost is  6.43 
mills per kwh using the pre-June 1961 uranium price schedule. 

3.  Using the revised uranium price schedule, the unit  power cost for  
the SPPR i s  5.96 mills per kwh. 

4. The simplicity of the d i rec t  parer cycle w i t h  the absence of 
expensive reactor core components had led t o  capi ta l  costs of 
$175 per kw (cet) .  

5 .  The potential  capi ta l  cast  f o r  SFTR type reactors i n  the 300 MWe 
size range based cn unit  costs of f o s s i l  fueled supercrit ical  
power plants and the Cost Evaluation Handbook ground r a e s  i s  
abaut $145 per kw (net). The potential  uni t  power cost is about 
5 m i l l s  per kwh. 

6. It is believed that the necessary R&D ef for t  in support of the 
SPPR can be accomplished in  an orderly manner i n  the five-year 
period established as a basis f o r  t h i s  study. 

The net thermal efficiency of the SPPR power cycle which u t i l i ze s  
3500 ps i ,  lo50 F turbine th ro t t l e  conditions with two reheats t o  
1000 F, is 43$. The gross efficiency is  44.9s. 

The en t i re  f a c i l i t y  including the turbine-generator is housed i n  a 180- 
foot hemispherical containment vessel similar t o  t h a t  used w i t h  the 
B(XUS reactor. 
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Concmtual Design - Fuel Element Fabr5cation Plant 

The f i n a l  section, Part Iv, "Estimates of Capital Costs of plants; 
Estimates of Total Product Cost of Completed hre l  nements," and the 
Summary and Conclusions" f o r  insertion i n  Part I have been issued 

for  comments. No fur ther  work is planned following transmittal of 
the above f o r  approval. 

(1 

Testing continued on the corrosian of x-8001, Zr-2, and sensitized 
304 stainless s t ee l  a t  300 C in water adjusted t o  a pH of 4.5 with 
H2WO4. 
on these materials had been obtained. 

However, at  the tim of t h i s  report no further corrosion data 

The proposed H-1 loop revisions have been reviewed and modified t o  
reduce the cost of the project t o  a minbxum, retaining only those 
revisions required f o r  re l iable  loop operation. 
bids fo r  the deionizers were considerably greater than expected, the 
deionizer specifications have been rewritten t o  eliminate a l l  but 
essential  features and sent out f o r  new bids. 

Since the original 

A rod of PuAl coextruded w i t h  Al cladding appears t o  be a promising 
fuel  element f o r  corrosion tes t ing of Al cladding. 
be fabricated experimentally by Plutonium Mtallurgy. 

Such elements can 

USAEC-AECL Cooperative Bogram 

Response of the ultrasonic test  to various geometrical and metallurgical 
variables in Zircaloy tubing is being masured. Same of these variables 
are more readily produced in s t r i p  than in tubing, although f a c i l i t i e s  
fo r  fabricating both s t r i p  and tubing are  available. Semples 20, 30, 
and 60 mils thick w i l l  %e used t o  determine whether respanses t o  w a l l  
thickness changes are  similar in s t r i p  and tubing, with all other 
variables held as constant as possible, In addition, a tube dr i l led  
and honed from a sol id  rod, with very close wall thickness tolerances, 
w i l l  be examined ultrasonically t o  help evaluate whether orientation 
of the grains is an important variable. 

Improved methods of cantrolling the geometry and size af standard defects 
are  being developed. 
t o  reduce the current and consequently the width of the cut. 
terat ians  have resulted i n  reducing the defect width from about 3.5 mils 
t o  2.0 mils, using a one-mil-wide brass electrode. 
on the cut a l s o  is improved. 
produce be t te r  standard defects. 

The electrojet  machine has been altered s l igh t ly  
These al- 

The surface f in i sh  
This work i s  cantinuing i n  an effort  t o  

1 2 3 b 9 b 9  
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As reactor concepts become more diversified, it is increasingly more 
difficult to keep pace with the need for information about the effects 
of irradiation on reactor structural materials. The purpose of this 
program is to investigate the combined effects of radiation and reactor 
environment on the mechanical properties of structural materfals. 
Special attention will be given to the determination of mechanical 
property changes produced i n  mtals by irradiation at elevated tem- 
peratures in contact with water. 

Wfication of the E!EI 6x9 loop for the purposes of this program is 
nearly complete. piping and instrumentation are presently being in- 
stalled during Cycle 39 shutdown, and beneficial use of the loop will 
commence during Cycle 39 of the ETR. The first specimen loading con- 
sists entirely of Wrcaloy-2 tensile specimens, with a total of 504 
specimens. mal exposures range from 2.0 x 1019 to 1.6 x 1022 nvt. 
The specimens were machined from rolled Zircaloy-2 plate in transverse 
and rolling directions. 
including 0 (annealed), 10, 20, and 4 6  reduction of area. The entire 
chazge was autoclaved for 48 hours in 300 C water prior to irradiation. 
As the Wrcaloy-2 specimens reach their goal exposure, they will be 
discharged and replaced with types 348 and 304 stainless steel tensile 
specim?ns, which are presently being machined. 

The specimens have various levels of cold work, 

Low temperature irradiations are a lso  in progress on Zircaloy-2 tensile 
Specimens with histories identical to those prepared for irradiation in 
the ETR 6x9 loup. A series of 19 capsules was charged into the GllR F6 * 

and G6 positions; eight of these have been discharged and are presently 
being unloaded at the Radiomtallurgy facility. 
of capsules are a limited number of Wrcaloy-2 notch tensile specinens; 
special testing techniques will be employed with these specimens to 
determine their fracture toughness. 
countered in conducting this test on unirradiated Zircaloy-2 is ex- 
cessive plastic deformation in the vicinity of the notch, which results 
in spurious values of K, (measure of fracture toughness). 

Included in this series 

A difficulty which has been en- 

D- RADIATION R?"ECTS ON MElALs - 5000 PRERAM 

Precision measurements of the intensities of diffracted x-rays from Single 
crystal surfaces are being continued. 
99.995$ pure Al are being irradiated at room temperature to 105 nvt . Pre- 
irradiation examination of these crystals showed that the observed extinc- 
t ion was of the primary type. 
fracting domains was about 6 microns. The lack of secondary extinction shows 
that the incident beam penetrates little deeper than the size of a single 
domain. Additional crystals are being prepared for analysis. These crystals 
w i l l  also be irradiated. 
first group. 
crystals of known impurity content. 
written to summarize results of the annealing studies. 

Three selected single c stals of 

The indicated size of the coherently dif- 

They will be exposed for longer times than the 
Further experiments will be performed using molybdenum single 

A number of reports are currently being 
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E. CUSTOMEZ WORK 

Radiometallurgy Service 

Measurements of wafers from an overbore element showed that about 10 mils of 
aluminum cladding had been removed by corrosion, and the diameter of the 
uranium fuel had increased about 15 mils during irradiation (RM-410). 
uniform growth of the uranium was observed in three self-supported production 
fuel elements, and up to 15 mils of aluminum cladding was removed by in- 
reactor corrosion (RM-425). 
crack in an aluminum process tube removed from 1578-~ were identical to those 
of three previously-examined process tube failures from 105-H which were 
identified as fatigue fractures (RM-429). Twenty-six samples from various 
programs were dissolved for burnup analyses, and eight samples were declad 
in the chemical. processing facility. 

Metallographic examination of two hollow half cylinders of uranium from cap- 
sule No. 6 and microhardness testing of specimens from capsule No. 5 were 
completed in support of the Basic Swelling Program. 
selected specimens from each capsule has begun (RM.510). 

Metallography Service 

Wrcaloy clad fuel elements with and without five percent beryllium alloy 
brazed end caps were examined after exposure to furnace temperatures of 
approximately 1300 C for m e  hour. The uranium metal in both cases had 
melted, and some had escaped through breaks in the cladding. 
with the brazed end caps had lost most of the Wrcaloy jacketing metal, as 
reported last month. Sections through the end caps revealed nearly all of 
the Zircaloy metal. of the end caps had been replaced by an alloy of uranium 
and Zircaloy. 
exposed to air during the heat cycle. 

Non- 

The fractured surfaces of a transverse failure 

Vacuum annealing of 

The elemnt 

ktallic Zircaloy was found only in small spots on the surfaces 

The element with plain welded Wrcaloy end caps had also suffered complete 
oxidation of the can wall. 
the uranium appears to have varied between the two elements. 
vestigation is proceeding to determine to what degree this difference exists 
and whether the small amount of beryllium present had any effect on the 
alloying behavior. 

The amount of alloying between the Zircaloy and 
Further in- 

M?tallographic examination of some of the first NPR 2-5/8 inch carbon steel 
pipe (ASTM ~ 1 0 6  Grade B) as heat treated by Huico was found to be decarbur- 
ized 10 to 12 mils on the aD and three to five mils on the ID. A n  examina- 
tion of the material as received fromthe m i l l  by Huico was little better, 
being seven to nine, and one to three mils, respectively. Also checked was 
some NPR eight-inch carbon steel pipe, schedule 120, A S T M L O ~  Grade B. De- 
carburization on this pipe was found to be spotty i d  was found chiefly on 
the 0. 

Work continued on identification of the oxides fromed during autoclaving of 
zirconium alloys. As stated in the monthly report for My, an oxide island, 
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surrounded by Wrcaloy-2, had been exposed by gently polishing away the 
metal. An x-ray diffraction back reflection pattern has been obtained 
by focusing the x-ray beam on an oxide island w i t h  a diameter of 0.016 
inch. The reflections on the f i l m  indicate zirconium metal. It is 
reasonably certain that the x-ray beam covered the oxide, but evidently 
it also struck the metallic Zircaloy surrounding the island. 
l ines  fo r  cubic ZrO2 w e r e  not observed. 
the specimen from i ts  mount and retain the oxide island intact .  
is possible, a transmission x-ray diffract ion pattern w i l l  be made t o  
check f o r  the presence of tetragonal or  monoclinic zro;!. 

Diffraction 
An attempt w i l l  be made t o  remove 

If t h i s  

. Samples Processed During the Month: 

Total Samples 
Replicas 

256 
19 

m o t  ographs : 

Micrographs 520 

Electron MkrOgraDhS 
kcrographs 85 

NPR Charging Machine 

The charging machine 

- 738 - 

requirements f o r  NPR include handling multiple length 
fuel  elements from behind substantial  barriers.  An individual monotube 
nmsgazine concept tha t  can hold a complete tube charge using a floating 
piston t o  move the column has been proposed. Development, fabrication, and 
tes t ing of the f i r s t  machine i s  proceeding as the design is approved. 
mechanical components of the 58-foot long charging machine are 97s complete 
and i n i t i a l  tes t ing has commenced. 
35 and 909 complete, respectively. 
tes t ing the nine-ton machine plus s i x  tons of fuel  include rail  assemblies 
for  the machine t o  run on, wall storage racks f o r  the loaded magazines and 
a front face mockup fo r  charging evaluation. 
assemblies is  50s complete. 
percent complete. 

The 

The e lec t r ica l  and hydraulic work is 
Instal la t ion of the mockup equipment for  

Instal la t ion of the mockup 
Testing of components and the machine is eight 

Manager, Reactor and Fuels Research 
and Development 

FW Albaugh:kb 
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PHYSICS AND INSTRUMENT RESEARCH ABD DEVELOPMENT OPERATION 

MONTBLY REPORT 

m y  1961 

F I S S I O ~  r+fA!rmIALS - 02 PROGRAM 

FUHS 

Nuclear Safety in Fpp 

- 

R e v i s e d  nuclear safety limits for  processing and storing 0.95s U-2 
I and E fuel elements were submitted t o  the Engineering Opera 
limits, which are  based on an improved method of calculation,@ynLe 40-80$ 
higher than limits used in the past. 
for revising the 313 Building nuclear safety specifications. 

The new limits w i l l  be used as the basis 

Limits for processing and storing 0.9% U-23 
also submitted t o  the Engineering Operation.?3) 

These limits will be used as the basis for  NPR fuel  element nuclear safety 
specifications. 

enriched, mmC fue l  elements were 

Optimization of Retubed C-Pile Lattice 

An 8-foot exponential p i l e  has been constructed for  the C-pile retubing program 
and measurements of the material buckling have been s t e e d .  The first measure- 
ments are being taken i n  the p i l e  loaded with standard C-11-IQ dry fuel  elements. 
The relaxation length fo r  this assembly is 77.83 cm. 
has been obtained and prepared for  experimental use. 
for the natural uranium werbore fuel  elements have been received. 

A spare C-pile safety rod 
The 8-inch aluminum cans 

Lattice Parameters for  Large Diameter Fuels 

The rat io ,  P(t) ,  between observed f iss ion product gamma ac t iv i t i e s  and f iss ion 
events i n  uranium f o i l s  has been measured i n  the Physical Constants Tes t  Reactor 
(PCTR) The value obtained for  P( t ) This r a t i o  is used i n  measurements of E. 

(1) m61n, C. L., Muclear Safety Specification Basis for  Hanford 0.95s U-235, 
I and E me1 Elements, HW-70351. 

( 2 )  BToW11, C. Lo, A Semi-mpirical Method of Estimating Material mcklings fo r  
s l igh t ly  Enriched Uranium Tubes in Light Water, Hw-69500. 

(3) Brown, C. La, Nuclear Safety Specification Basis for  NpR Fuel Rements, 
HW-70500. 
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for  times greater than 4 huurs a f t e r  reactor shutdown is  a constant: 

f iss ion product gamma ac t iv i ty  per f iss ion i n  U-235 = 1,119. 
f iss ion product ganma ac t iv i ty  per f iss ion i n  u-238 

The resonance escape probability (p)  has been measured i n  a 1*inch graphite 
l a t t i c e  containing 2.5-Inch solid,  natural-uranium fuel .  The measurement was 
made t o  canpare several methods of measuring p. 
have been applied t o  the f o i l  data. 
ment. 

Two methods of interpretation 
The resul ts  reproduce an ear l ie r  measure- 

TABLE I 

Measurement 

original 
Repeat 
Bare f o i l s  

P 

789 
787 
792 

The repeat measurement used the  normal cadmium r a t i o  technique. 
measurement ccanpared bare f o i l s  i n  the fuel  t o  bare f o i l s  i n  the TTR thermal 
column t o  derive P. 

The bare f o i l  

C a d m i u m  ra t ios  for capper, sodium, and gold have been cmpared t o  that  of a 
B k  tube at two l a t t i c e  positions in the sane l a t t i c e .  The resul ts  are l i s t e d  
in'Table 11. 

TABLE I1 

Posit ion 

Graphite 

Fuel Center 

Material 

B?j 
Gold ( 5  m i l )  
Copper ( 5  m i l )  
sodium (2 mil) 

BZ Go d ( 5  m i l )  
copper ( 5  mu) 
Sodium (2 mil) 

C a d m i u m  
Ratio 

22.87 
4.01 

12 .oo 
20.20 
8.98 
2.39 
4.22 
7 096 

Sodium is  a much better ,stector for  l/v fluxes than copper since the excess 
resonance correction is much smaller. The inaccuracy of the assumption of a 
1/E epithermal spectrum w i l l  have much l e s s  effect  on sodium than on copper. 

Exponential Measurements of Large Diameter me1 Elements 

The ccanputer programs used in the analysis of exponential p i l e  data have been 
modified t o  use age-diffusion theory harmonic corrections t o  data taken with 
the shutter technique. The equations are  given i n  BNL-7'7. The boundary con- 
d i t ion  imposed by the cadmium shutter is properly treated.  The fact  tha t  the 
thermal flux goes t o  zero a t  the shutter was ignored i n  previous methods Of 
analysis. 
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The error i n  analysis seems t c  be most apparent for  experiments where the 
neutron sources are clustered tagether at the p i l e  centerline. A horizontal 
traverse with clustered sources has been analyzed with the  m o d i f i e d  program. 
The analysis yielded an extrapolation length of 0.8-inche~. 
analyzed with the  old campJter program yielded an extrapolation length of 
2.50-inches. The data were taken i n  an 8 x 8 foot exponential p i l e  which had 
a concentric tube fuel element at a l a t t i c e  spacing of 8-3/8-inches. The 
m o d i f i e d  program will be used t o  analyze other data taken previously with the 
shutter t echn ip .  

The sane data 

Small Somce Theom Treatment of Eamonential Pile Traverses 

Atheoret ical  analysis of several exponential p i l e  horizontal traverses has 
been ccmpleted. The smal l  source theory treats the fuel as individual l i n e  
suurces and sinks. 

can be predicted fo r  heterogeneous systems. 
dis t r ibut ion along the  ver t ica l  c e l l  edge is @(x) 

Thus the deviations froan the overall sin !% dist r ibut ion a 
The theoretical  form of the flu 

= sin E + A sin E cos 
a a 

- +  2nx B cos m - sin-> 2n-x where a is the p i l e  s ize  snd d is the l a t t i c e  spacing. 
d a d 

Higher order harmonics are neglected in  the present form of the analysis. The 
second term is the nonml f ine  stmicture along the  c e l l  edge and caa be under- 
stood as the  usual effect  of flux depression in the fuel. However, the th i rd  
term is an osci l la t ion which appears because of the f i n i t e  p i l e  s i ze  
(B + 0 as a -+w) The osci l la t ion has been found in analyses of eight dif- 
ferent horizontal traverses. 
s l igh t ly  law ( B  -0.003 instead of 
traverse is  w e l l  repraluced. 
structure varies s l igh t ly  with the p i l e  width ( A  = 0.0289 for  a large p i l e  and 
A = 0.0297 for  a five-foot wide p i l e ) .  
p i les  should be corrected if applied t o  calculations for  large pi les .  

The calculated magnitude of the osci l la t ion is 
~~0.004)~ but the shape of the experimental 

Fulthermore the coefficient of the c e l l  edge fine 

Thus c e l l  flux traverses taken i n  small 

The equations for  the ver t ica l  flux ciistribution have not yet been solved. 
Hswever,, quali tative considerations indicate that an asymmetry i n  the c e l l  flux 
should occur which would be only weakly dependent on the ver t ica l  position i n  
the p i le .  
but the analysis is not yet available. 

This asymmetry has been found experimentally (R .  C .  Woyd, Ikl-6184L)) 

PCTR Safety Specifications 

Solutions for  the neutron flux as a function of time have been obtained frm a 
set of reactor kinetics equations which a re  applicable t o  PCTR operations. Both 
the  analog caaputer i n  Systems Research Operation, and the d ig i t a l  IBM 7090 were 
used i n  t h i s  work, the  l a t t e r  w i t h  the HAlRM code. Different input values of 
the prompt neutron l ifetime and t o t a l  delayed fraction were used for  the several 
cases which were solved. 
Hazards Report, and w i l l  be used t c  determine level- t r ip  set t ings f c r  the PCTR. 

This work was done i n  support of the revised PCTR 

Transport Theory Developuent Work 

In  crder t o  provide improved methods of analyziw the effect  of c e l l  f ine  struc- 
ture,  two of the most versa5ile and complete machine analyses of multi-energy 
transport theory i n  existence were acquired from the G-E 

1 2 3 b 9 7 5  
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pulsion Department, and incorporated into the Hanford machine library. Brief 
summaries of U y s i s  capability follow, for each of the two programs. 

a. Neutron Transport Theory, Anndar ( r , z )  Geometry, LASL Program TDC, 
G E  ANm) Aut omat i c  Operat or Version 

This program w a s  fonrmlated for  the IBM-704 by the Los Alamos Scientific 
Laboratory and converted t o  the IBl-7C90 by GE-ANPD. The transport f i e ld  
is constructed by use of a last-free-flight outer i t e ra t ion  loop cmbined 
with a f lexible  inner i t e ra t ion  loop for  each energy. 
Caxlson8s discrete S, d ig i t a l  representation and l a t t i c e  integration. 
Machine time is minimized by s ta r t ing  with a gross angular l a t t i c e  and 
shir t ing t o  a f ine  angular l a t t i ce  a f t e r  gross convergence. 

' 

The analysis employs 

Input consists of the radial-axial-energy-angle l a t t i ce ,  concentrations, 
cross sections ( collision, f i s s ion  production, isotropic endoergic-and- 
exoergic transfer,  production, sensor >, surface albedos, and isotropic 
volume source or  surface source. 

Output includes isotropic flux radial-axial-energy distribution, eigen- 
value ( c r i t i c a l  material loading, c r i t i c a l  region size,  f iss ion reactivity,  
prompt inverse period), radial-axial parer distribution, flux-weighted ce l l  
homogenization both by regions and by materials, radial-axial sensor- 
activation traverses, and r e s t a r t  f ie ld .  

Typical ruanihg time is about one hour ( for  16384-word problem), with a 
probable maxirmM of about two hours ( for  32768-word problem), for  a three- 
figure eigenvalue from a rough-flux-guess start. 

b. Neutron and Photon Transport, Variational optimum Formulation, Plane- 
Cylinder-Sphere, GE-ANPD Program S 

This variationally optimized generalization of the Sn analysis method 
constructs the dual adjoint-and-flux transport f i e l d  by use of an i te ra t ive  
next-free-flight ad joint  loop locked i n  momentum-image synchronism with 
a last-free-fl ight flux loop. 
ations proceed under parallel-logic automatic error control. 

All input-output transmission and all calcul- 

Input consists of the space-energy-angle l a t t i c e ,  concentrations, cross 
sections (coll ision, f i s s ion  production, isotropic-and-anisotropic endo- 
ergic-and-exoergic transfer,  production, sensor), isotropic-and-anisatropic 
volume-surface-line-point source, surface albedos, and cross section statis- 
t i c a l  uncertainties. 

Output includes the space-energy-angle dis t r ibut ion of both adjoint and 
flux, eigenvalue ( c r i t i c a l  fuel  loading, c r i t i c a l  moderator loading, c r i t i -  
cal  poison loading, reactor period with inclusion of  delayed production), 
performance trends (provided as perturbation-theory derivatives spanning 
coupled variation of all eigenvalues and the loading of all reactor 
materials), variational optimum gross reactor kinetics,  material action 
traverses (giving the perturbation worth of materials as a f'unction of 
location), eigenvalue s t a t i s t i c a l  uncertainty, energy distributions,  space 
distributions,  parer traverse, absorption traverse, biological dose traverse, 



sensor activation traverses, space-energy distributions,  variational optimum 
space-energy c e l l  homogenization, photon energy production distribution, 
photon energy deposition, all sc r t s  of perturbation-theory integrals weighted 
with the product of adjoint and flux, all s o r t s  of flux-weighted reaction- 
ra te  integrals,  and r e s t a r t  f ie ld .  

The S, analysis method has well-evaluated r e l i ab i l i t y ,  limited principally 
by cross section accuracy, and spanning both neutron and photon aspects of 
coreI reflector,  control-rod, and inner-shield analysis of high-performance 
f i ss ion  reactors. 
minctea) for  a four-figure eigenvalue from a f l a t - f i e ld  start. 

Typic& running time is ten  minutes (maxiram twenty 

Digital C m p t e r  Propans for  Reactor Analysis 

Developnent of HFN, the multi-group neutron diffusion theory code, is ContinGing. 
Most of the availa3le options have been checked and found t o  be working properly.. 

The flux and react ivi ty  values frm a one-dimensional spherical geometry calcula- 
t i on  appear t o  be reasonable, bat have not been ver i f ied with a hand calculation. 
This completes a quali tative check on the accuracy of HFN calculations using the 
three available one-dimensional geometries ( slab, cylindrical, spherical). 

HFN succeeded i n  calculating reac t iv i t ies ,  fluxes, adjoints, flux gradients, 
adjoint gradients and pert i ibat ion integrals (volume integrals of direct  and 
adjoint flux and flu gradient. p r o d u t s )  for  two cylindrical  systems. 

HFN was also used t o  compute theoret ical  detector activation traverses frm the 
multi-group fluxes. In  addition, tbe ac t iv i ty  r a t i o  (e.g., cadmium r a t i o )  and 
ac t iv i ty  fraction (e.g., cadmium r a t i o  minus one) c d c u a t i o n s  are proceeding 
properly 

A multi-grouy, cross section data tape, containing data read fran input cards, 
was successfully generated, then updated, then used i n  an RFN calculation. The 
use of a data tape can materially reauce the number of input data c u d s  required 
for  HFI? calculations e 

A n  a t l i n e  of the HFN descriptive document has been started.  

Green's -Function and Exponeztial Piles 

The previcusly reported resul ts  of a Green's function treatment of one region 
exponential p i les  have Seen prepared for  i n c l u i o n  i n  the April, May, J u e  
Physics Research Quarterly Report, 

Currently the use of Green's functions is being extended t o  two region systems. 
The Green's function for  a two-region p i l e  has been derived, and variotis systems 
are being analyzed. 

CapJtationaJ Propamnirg Services 

The General Atomics Fortrac I code KERNEL has been rewritten as a sub ra t ine  
compatible with the thermal spectrum calculations procedure under developnent 
here. I- calculates the to t& scattering kernel between specified pairs of 
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energies, using ei ther  f ree  or b m d  nydrogen fonm;lations. 
t ions have been made, including optimization of arithmetic statements, use of 
subroutines, and inclusion of options regarding type and amount of output and 
computation of certain quantities. 
KERNEL t o  be used alone. 

A number of altera- 

A call ing program was written permitting 
Both the call ing program and KERNEL are being debugged. 

A scheme t o  cmpute the array &(x) as a f'unction of order fo r  a given x was 
l if ted from KEEUEL and made into a subroutine. This subroutine, ISUBN, has been 
checked aut Over the  range .01 < x < 8 with very good resul ts .  
used is determined from the x vaue-and ranged from n = ll for  x = .01 t o  n = 28 
for  x > 1. 

A FAP coded fhnction subprogram t o  compute ~ o s - ~ x w a s  written, checked aut, and 
submitted t o  the Fortran Program Library as ACOS. Debugging of the binary input/ 
output routines WTBX/RTBX in the i r  q a n d e d  form was completed, and they have 
a l s o  been s u b i t t e d  t o  the Fortran Program Library. An EW document descr ibiA . 
the  uses and rest r ic t ions of the routines is  i n  rough draft form. 

Changes were made in the input, output, and harmonic correction sections of 
COFIT2. 
and permit the use of source weighting factors.  
printing of intermediate information. 
principally affected only the f a s t  source terms. 
debugged, and have been incorporated into the production deck. 

The maximum order 

Added input capabili t ies extend the number of permissible sources t o  8, 
Output  changes concern only the 

Reformulation of the hamonic corrections 
AU al terat ions are apparently 

Lnstnunent at ion 

All c i rcu i t ry  fabrication w a s  canpleted for  the prototype experimental Fast and 
Slow Scanning Type Fuel Failure Monitor, and accelerated tes t ing  w a s  ccmenced. 
Modifications were cmpleted on the s l i p  ring assembly t o  prevent high voltage 
breakdown, and the s l i p  r ing assembly w a s  re instal led and sa t i s fac tor i ly  tested.  
The complete system has been in satisfactory contirruous operation for  three 
weeks. The initial rough draft report concerning the system is nearly ccanpleted. 

All scheduled tes t ing  and evaluating w a s  sa t i s fac tor i ly  cmpleted on the two 
prototype experimental Logarithmic and Linear Sc in t i l l a t ion  Transistorized Build- 
ing Radiation Monitors. The two units have performed be t te r  than any of the more 
expensive cmnercial  units which were determined t o  be inadequate fo r  HA20 use. 

In cooperation with Lnstrumentation Design, C W O ,  the sluw scan sc in t i l l a t ion  
portion bid package fo r  the NPR Fuel Failure Monitor was reviewed. 
bids of various manufacturers were reviewed t o  determine ccanpliance with the 
required specifications. 

The sc in t i l l a t i on  surface uranium contamination monitor for mpR fue l  elements 
is nearly cmpleted. 
only 8 few cables need t o  be cmpleted before final tes t ing  of the method can 
start. 

The NER reactor nuclear instrumentation procurement conference, with Kaiser hi- 
neers and GE-APED, was attended. 
EMS-6510, were continued in preparation for  future technical information exchange 
meetings. 

The returned 

The detector heads have been tes ted and installed,  and 

Efforts t o  c l a r i fy  the guiding specification, 
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A brief experiment was condxcted ccncerning the signal-to-noise prcblems w i t h  
various types of f iss ion c o u t e r s  used with high capacity cable. 
t ion  was written concerning the desired properties of NPR f iss ion counters and 
the related experience with old-reactor subcri t ical  monitors. 

A recommenda- 

m;rther scoping and cost estimation work was done in  preparation for the pro- 
posed NPR diffusion length measurement problems. 

Progress w a s  made i n  the developaent of infrared pyrometry techniques for  meas- 
w i n g  reactor graphite moderator temperatures. 
czlibrated and tes ted a f t e r  a succession of modifications. 
t ions have involved adjasting f i l t e r  thicknesses and aperture shape t o  cover the 
Froper temperatcre range, 
insertion of a two-stage amplifier between the detector c e l l  and the servo ampli- 
f i e r .  
measuring. 
a thermocouple embedded i n  the object. 
may be lessened throvrgh use of  a f ie ld  lens or diffuser. 

Two head units have been repeatedly 
Most of the modifica- 

A significant improvement i n  design has been made by 

One -ait was operated 25 feet  from the object whose temperature it was 
With proper focus, the indicated temperatures correlated with those of 

The d i f f icu l ty  of adjusting t o  proper focus 

!The possibi l i ty  of obtaining an e lec t r ica l  readmt for  the reactor process channel 
optical  traversing instrumentwas br ie f ly  investigated. 
variable permeance transducers appear t o  meet all the necessary requirements of 
size,  sensi t ivi ty ,  and radiation resistance. 
mechanism using optical  readout is ccanplete although the unit is  not yet fully 
assembled. Test j igs  have been ordered from the carpenter shop. The mechanism . 
w i l l  be tested i n  process tbbes. 
process tubes t o  obtain a variety of configurations. 

Standard commercial 

Fabrication of the traversing 

The test j igs  are designed t o  permit bending the 

systems Studies 

Preliminary studies with IPD operations, engineering, and design personnel show 
that a large NPR plant analog simulator might provide savings of about $4,000,000 
during the f irst  18 months of NPR operatioE. 
develop i n  d e t a i l  the benefits t o  beaerived frm operator training and engineer- 
ing analysis with such a simulatcr, 
mated costs also are Sei,% scoped. 
2eveloped for  a small scale NPR s imdatcr  a r e  s t i l l  being fabricated and assemblec7,. 

Joint e f f c r t s  are under way t o  

The equipment and f a c i l i t y  needs and e s t i -  
The variable transport delay uni ts  being 

Analytical work coEtinued i n  support af t,he reactor autaanatic control studies. 
Improved solctions cf the neztron diff-asion problem were obtaiaed by using f i n i t e  
difference approximations for  the sFat ia l  dependence. 
for  a reactor that is defined by several sections, each section being character- 
ized by a set  of kinetics equations and thermal diffusion occvsring between sec- 
t ions.  
i n  a l l  sections. The probability ( t ransfer  coefficient)  of a neutron being born 
i n  one section and thermalized i n  another section has been derived, but an attempt 
is being made t o  find a direct  so lu t im.  (The f i rs t  derivation rewired  a numeri- 
ca l  integration.)  The m e  cf the t ransfer  coefficient w i l l  allow an approx-te 
solution of reflected reactcrs ( a t  present a reflected reactor is  transformed t c  
the eqLivalent bare assembly). 
reactor s tab i l i ty ,  emsidering effects f m m  m e t a l  temperature, graphite tempera- 
t u e ,  coolant temperat-:re, xemn saiscnir&, and also poisoning t o  the metastable 
iscmer of xenon-135. 

Equations a lso  were developed 

The source of thermal neutrons i n  a section i s  a function of the fissions 

An analog program a lso  is being prepared t o  stxdy 
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The avai labi l i ty  of continuous rod pcsit ion versus neutron flux and reactor tea- 
perature data would be very helpful i n  experimental reactor control studies. 
Preliminary investigations a t  100-Kw reactor indicate that selsyn receivers may 
be placed i n  para l le l  with the existing rod position indicators without disturb- 
ing t h e i r  readings. 
lO5-m has been built and tested.  
by the  selsyn receiver that is t o  be placed i n  paral le l  with the present HCR 
selsyn receiver used in the reactor control room. 
able loss i n  torque due t o  receiver paralleling. 
been made t o  instal l  several rod readout devices at 100-Kw for  use with the plan- 
ned in-core f lux  monitor instal la t ion.  
w i l l  be required pr ior  t o  instal la t ion.  A memorandam outlining the proposed t e s t  
was issued during the month. 

A laboratory mockup of a rod position readout device for 
The method u t i l i ze s  a potentiometer driven 

Measurements show no notice- 
Tentative arrangements have 

A n  approved grcduction t e s t  procedure 

A new program is being formulated t o  stEdy the interchange of energy between two 
duqp condensers and surge tanks i n  the NPR secondary loop. There is  a possi- I 

bi l i ty  of oscil lations occurring between two or more dump condensers or two surge 
tanks. 
occur. Previous studies have sham. some conditions that w i l l  cause oscil lations 
between a single dump condenser and surge tank. 
determine under w h a t  conditions there w i l l  be an interchange of energy between 
two o r  more heat exchangers. 

Thisstudy w i l l  help determine under w h a t  conditions ins tab i l i ty  w i l l  

Future studies w i l l  be made t o  

A new one-amplifier reactor kinetics simulator for  the NPR prknary loop has been 
designed. 
change six delayed neutron groups t o  compensate for  various loadings or exposures. 
This sinnilator could also be used on other reactors. 

This sfmulator allows one t o  easi ly  (by turning six potentimeters) 

Memoranda were pa r t i a l ly  prepared for  the NPR confiner pressure transients prob- 
lem and the space and time dependent reactor speed of control problem. 

Meetings were held with representatives of IBM t o  acquaint them with our require- 
ments for  an experimental d ig i t a l  control computer. They w i l l  be offering us the 
basic model 1620 computer with modified input-output equipment. 
magnetic core memory looks very a t t rac t ive  fran the programming standpoint, it is 
doubtful that they can ccmpete successfully with the makers of the l e s s  expensive 
drum machines. 

Although the i r  

A t  request of IPD, the Consulting Ihgineer, Systems Research aided and advised 
them on arranging for  an audit of the NPR secondary loop control system. This 
w i l l  be done by D. W. Leiby of the General Engineering Laboratory, who has done 
a l o t  of NPR analog simulation work, with sane of h i s  colleagues, and with con- 
sul t ing assistance by H. Chestnut, a control special is t  with an international 
reputation. An intensive study of th i s  loop was begun with a view t o  taking an 
active part  i n  this study a l s o .  

SEPARATIONS 

Plutonium Cr i t ica l  Mass Fac i l i ty  

Solution Systems 

Cr i t ica l  mass experiments were continued with plutonium n i t r a t e  solutions i n  a 
14-inch diemeter stainless steel sphereJ Six c r i t i c a l  approach experiments were 
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conducted with the sphere bare and par t ia l ly  reflected, with plutonium solutions 
of various concentrations. Two cf these resulted i n  c r i t i c a l i t y  when the sphere 
was par t ia l ly  f i l l e d  and reflected w i t h  a 1/2-inch layer of paraffin. Crit ical-  
i t y  w a s  f i r s t  achieved i n  the new LaSoratory on Friday, J W  21, a t  5:45 PM, 
when the spherical vessel became c r i t i c a l  w i t h  the control rod part ly  withdrawn 
following a s m a l l  fuel  addition. 

The experiments were begun in June w i t h  plutonium n i t r a t e  solutions i n  the bare 
sphere a t  a concentration of 300 gm Pu/l. 
concentration w a s  changed by di lut ing with n i t r i c  acid and a new measurement was 
made. The purpose of the experiments is t o  determine the c r i t i c a l  concentration 
i n  the f'ull sphere. 
c r i t i c a l  mass and volume of the sclution as the plutonium concentration was re- 
duced. Cr i t ica l  approaches were made i n  the bare s ta inless  s t ee l  sphere (0.044- 
inch w a l l  thickness) with plutonium concentrations of 164.2, and 125 gm Pu/l of 
solution. In both of these cases the full sphere was subcrit ical .  Two approaches 
were made at a plutonium concentration of 105.2 gai Pu/l. 
0.0'72-inch thick layer of s ta inless  s t ee l  w a s  added t o  the vessel w a l l ;  the t o t a l  
thickness of the vessel w a l l ,  considering the added layer of s ta inless  s teel ,  
was 0.12-inch. Since the vessel was not c r i t i c a l  when f i l l ed ,  the 0.072-inch 
thick layer of s ta inless  s t ee l  was removed and the vessel reflected with a 1/2- 
inch thick layer of paraffin. Cr i t ica l i ty  w a s  then achieved with the control 
rod par t ia l ly  withdrawn when the vessel contained 20.58 1 of solution ( the 
measured volume of the full. sphere is 23.22 1). 
89 gm Pu/l, the vessel w a s  again made c r i t i ca l ,  ht with s t i l l  a further reduc- 
t i o n  i n  both c r i t i caJ  mass and volume. 

After each approach the plutonium 

Thus far i n  the ser ies  the trend has been t o  reduce the 

In one of these, a 

After a f'urther di lut ion t o  

The resul ts  of the measurements t o  date are summarized i n  the following table.  
The first two experiments were completed i n  June, bxt are l i s t e d  here for  
cmpleteness. 

In each case the c r i t i c a l  mass and volume were determined from extrapolation of 
the multiplication c-srves with the control and safety rods withdrawn; c r i t i c a l i t y  
w a s  only achieved i n  the last two experiments i n  which the vessel was reflected 
w i t h  &inch paraffin. 

The strengths of the control ami safety rods were evaluated i n  terms of solu- 
t i on  volume. W t i p l i c a t o n  measuements were mde with the control and safety 
rods i n  the f U l  i n  and out positions. Thus, an estimate fo r  the control and 
safety rod worths i n  terms of solution volume was obtained during the c r i t i c a l  
approaches; calculations were then made t o  estimate the rod strengths i n  terms 
cf reactivity.  

For the two cases i n  which c r i t i c a l i t y  was achieved i n  the par t ia l ly  f i l l e d  
sphere, the control rod (stainless  s t ee l  %be) was worth about 0.16 1 of solu- 
t ion  or in terms of reactivity,  about $1.20. The safety rod (cadmium tube 
with s ta inless  s t ee l  cladding) was worth about 2 1 of soliltion, or $14.00. 

A M h e r  di lut ion w i l l  be made cf the plutcnium solution t o  obtain c r i t i c a l i t y  
i n  the ful l ,  cr  nearly fd.1 sphere: with the control rod mostly withdrawn. 
Cri t ical  mass experiments w i l l  subseqcently be made with the %inch vessel 
fully reflected with water and also with  concrete. 

l 2 3 b q 8  I DECLA 
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Based on the resul ts  of the cwrent  measurements, a 15-inch diameter stainless 
s t ee l  sphere has been ordered for  subsequent c r i t i c a l i t y  studies. 

Sane d i f f icu l t ies  were encountered with a i r  operated valves which were fa i l ing  
t o  close properly during the experiments. 
was delayed nearly a week while the trouble w a s  being isolated and corrected. 
Several changes were made of "hot" valves without spread of contamination. The 
original tef lon gaskets were replaced w i t h  Viton A gaskets i n  two of the valves 
which improved t h e i r  closure properties. 

As a resu l t  the experimental progress 

The deluge sprinkler system for  the c r i t i c a l  assembly roam was inadvertently 
set off for  the second time on July 31 due t o  a malfunction of the air 'dryer 
system which cut off the air supply needed for  control of the sprinkler system. 
A to ta l  of 500 gallons of water were sprayed in to  the c r i t i c a l  assembly room. 
No contamination spread occurred and water damage t o  instruments appears t o  be 
slight. 
t ions.  Follming the previous incident, plans were made t o  install a separate 
air  storage tank for  the sprinkler system-to prevent t h i s  kind of ocmrence;  
renewed ef for t s  are  now being made t o  have t h i s  eguipment instal led without 
further delay. 

The experiments w i l l  be delayed several days during the  cleanup opera- 2 

Solid systems 

The spl i t - table  c r i t i c a l  assembly machine which is needed fo r  plutonium oxide- 
p las t ic  experiments is currently under construction. A hazsrds summary report 
covering the operation of the spl i t - table  machine w i l l  be prepared during the 
first half of E-1962. Following completion and review of the hazards summary 
repdrt, the c r i t i c a l i t y  experiments w i l l  be commenced i n  the th i rd  quarter of 
FY-1962. 

Stage I1 of Plutonium Cr i t ica l  Mass Laboratory 

A projeet proposal, requesting release of design funds for Stage IIs is  now 
being prepared for  early submission t o  the Hanford Operations Office of the 
AEC during the current quarter. 

Pulsed Neutron Source EXperiments ApplfcaSle t o  Nuclear Safety 

A K8man Nuclear PLtlsatroa, together with the TMC 256 Channel Pdse Analyzer 
System, was received in the  fourth quarter of FY-1961. 
up and checked out during the first and second quarters of FY-1962. 
@sed neutroc source experiments w i t h  plGtonium c r i t i c a l  assemblies are 
expected t o  get under way in the second or third quarter of FY-1962. 

The system w i l l  be set  
The f i r s t  

PCTR Emerhent  with Plutonium Nitrate 

'?%is month a quantity of U k ( N q g ) 2  solution containing about seven kilograms 
of uranium a t  a U-235 enrichment of 93s w a s  received frau Atomics International 
at Canoga Park, California. T h i s  material w i l l  be used in an experiment i n  the 
PCTR t o  measure the l imiting concentration, i .e. ,  the concentration for which 
the solution has & = 1, for a 93$ enriched uranyl n i t r a t e  solution. 

1 2 3 b 9 8 3  
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This experiment w i l l  be similar t o  a previous one i n  which an attempt was 
made t o  determine the l imi t ing  just c r i t i c a l  concentration of uranium for  a 
UeF2 solution. 
difficulty w a s  encountered with the uranium coating aut on the w a l l s  of the 
container, and, therefore, the experimental resul ts  were unreliable. 

During the course of measurements with the U@F2 solutions, 

Data Correlation - D e v e l p n t  of Nuclear Codes for Cr i t ica l i ty  Calculations 

Cr i t ica l i ty  Calculations for  PuQ-Plastic Mixtures 

In preparation fo r  the sol id  fuel experiments i n  the Cr i t ica l  Mass Labora- 
tory,  c r i t i c a l i t y  calculations were made for  a ser ies  of cubes with the 9-Zoom 
multigroup d i f f i s ion  code (18 energy groups) e The cubes were composed of 
Pu%-(CH)z mixtures t o  mock up the cmposition of the solid fuels w i t h  H/Pu 
ra t ios  i n  the  range of 0.3-2200. The resul ts ,  together with the fuel composi- 
tions, a re  summarized in the  following table.  

Age of Fissions Neutrons i n  Water 

A t  the  present time a discrepancy exists between the experimental and theoreti- 
cal  values fo r  the age of f iss ion neutrons i n  pure water. A calculation of the 
age in water has been carried out w i t h  the  HISMC code ( a  Monte Carlo code for 
studying infinite hcmogeneaus systems) with the dual purpose being t o  1) check 
the accuracy of the code in the  energy span from f i ss ion  t o  the coll ision which 
t ransfers  the energy below 1.46 ev and 2)  canpute the age value with the aniso- 
t ropic  scattering for  oxygen in the center-of-mass system defined t o  a high 
order of accur'8cy; the second and fourth maments of the slowing down distribu- 
tion, and the  mean slowing darn time of f i ss ion  neutrozis in water were also 
cmputed. 

The calculations were carried art in three separate runs each consisting of 
4,000 neutron his tor ies ,  on the Im-7O9Oo 
given below. 

The resul ts  of the. three runs are 

Mean Slowing  

1 25.19 cm2 150.95 an2 44,320 cm4 0.815 p sec 
2 25 A01 1s. 61 49,040 0.814 p sec 
3 25.471 152.83 46 , 750 8.815 p sec 

Mean Value 25.41 f .19 152.46 f 1.11 46,700 k 3,870 0.815 p sec 

Run Age Second Manent Fourth Moment Dawn Time 

The quoted errors in the mean values are the mean sQuare errors.  
values are defined as the  age of f i ss ion  neutrons t o  the col l is ion that trans- 
fe rs  the  energy of the neutrons beluw 1.46 ev. This p a r t i  %y defini t ion of 
the age is imam as the  "cufient" age. can be applied 
t o  the current age t o  obtain the flux age ( the age of f i ss ion  neutrons t o  
1.46 ev). This correction Bmounts t o  an increase i n  the age of 0,43 an2* 
Therefore, the flux age obtained frcm t h i s  calculation is, 

The age 

A simple correction 

(4 )  Goldstein, H ~ ,  P. F. mei fe l ,  and D. G. Foster. The ~ l c  
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2 
T f l u  = Tc + 0.43 cm2 = 25.84 f 0.19 cm 

The current status of the experimental and theoretical  age values are s m a r i z e d  
i n  the following table: 

Ref. and Date 

Certaine & Aronson, 
19 54 

Hurwitz & meifel, 
1955 

Certaine, 1957 

Reier, 1957 

Goldstein & Certaine, 
19 57 

Coveyou & Sullivan, 
19 58 

Doerner, 1961 

Richey, 1961 

Met hod 

Fourier Transform 

Maments 

Monte Carlo Mments 

Moments 

Fourier Transform 

Monte Carlo Moments 

Mment s 

Monte Carlo Manents 

Exper b e n t  al 

Monte Carlo Moments 

Value 

25.3 cm2 

- 

25.8 

25.6 i .3  
cm2 

26.0 an2 

25.9 cm2 

26.7 an2 

26.5 

25.9 2 -3 
Cm- 

R e m a r k s  

w g e n  cross sections, 
Ref. 5 

Oxygen cross sections, 
Ref. 5 

Oxygen cross sections, 

Age corrected t o  flq 
value 

R e f .  5 

Same as 4 with s l ight  
revision of hydrogen 
cross sections. 

Unpublished revision of 
oxygen data by m e r i c k ,  
inelast ic  scattering 
included. 

All scattering assumed 
isotropic i n  center of 
mass system & absorp- 
t i on  i n  oxygen neglected. 
Corrected t o  flux value. 

Revised oxygen cross 
section t o  3 mev frm 
Ref. 6, above 3 mev 
frcm Ref. 5 .  

W g e n  cross sections 
Ref., 6 corrected t o  flux 
value e 

27.86 f .1 
cm2 

25.8 f .2 W g e n  cross sections 
cm2 Ref. 6 corrected t o  

flux value. 

(5 )  Goldstein, H. Fast Neutron Data for  W g  en, NDA 15C-15, 1953. 

(6) LUtig, H., H. Goldstein and M. H. Kalos. 
t ron Cross Section of Oxygen, NDA 086-2, ~anuary 195U. 

An Interim Report on the Neu- 
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As noted in the summary, the theoretical  
ment with the exception of B r m ' s  Monte 
neglected the very important anisotrcpic 
of mass system. However, the l a t e s t  an6 

values all seem t o  be i n  good agree- 
Carlo mments calculation. Brawn 
scattering of oxygen i n  the center 
probably best measured value for the 

age of f iss ion neutrons i n  water ressiLted-in a v h u e  which is s t i l l  appraxi- 
mately 1 6  larger than the theoretical  values. 

A series of calculations were begm of the measured values of Ir, 
for  hmogeneuus moderated mixtures of three percent enriched U03.t7) A q u a t i t y  
of particular interest  as regards rnrclear safety is the value of k, for the 
modera t ed  U O y - a n d  i f  the value is greater or l e s s  than unity, i.e., if 
c r i t i c a l i t y  is  possible w i t h  .the 6ry salt. 
be canpared with the meascred vahes ,  and then lrsed t o  evaluate the km for dry 
Uq; the  smallest W'U r a t i o  i n  the experiments was 3.58. 
investigated w a s  the one having a hydrogen-to-;lranim r a t i o  of 43.87 for  which 
the measured in f in i t e  multiplication factor is appraximately unity. A tracing 
of 1,000 neutron his tor ies  was i n i t i a l l y  run fo r  this system, and it was immed- 
i a t e ly  evident that twc separate d i f f i cu l t i e s  prohibited an accwate calculation 
of the inf'inite mvltiplication factor: 
and fissions w a s  not large enough t o  give good statist ical  resul ts ,  and (2) the 
resonance capture i n  U-238 exceeded the expected value by a factor  of two. 

n the PCTR 

The Monte Carlo calculations w i l l  

The first system 

(1) The number of recorded captures 

The first d i f f i cc l ty  has been corrected and the  second i s  now being investigated. 

Even though the information obtained frm the i n i t i a l  mn was limited by the 
above d i f f icu l t ies ,  neutrons tha t  became the-mal (E < 1.0 ev) were moderated 
into a characterist ic thermal s p e c t r a  for  +,he system. 
has been plotted in Figure 1. Mote that the s m a l l  resonance i n  U-235 at 0.3 
ev causes a s l ight  depression i n  the characterist ic spectrum at t h i s  energy. 

The result ing spectrum 

Interactions of Sc3crit ical  System 

hraluatioa of the appraximation methad t c  predict interactions of mockrate9 
subcri t ical  systems ccatinlxd. 
vs 
reflected systems of ia te rac t i rg  slabs and cylinders of U-235 sol-;tions. 
a system of severc 5-in. dianeter cyliMers a t  an H/U r a t i c  of 50:1, i n  both 
hexagonal and l inear  azray, the predicteC curves folluwed the wer imen ta l  
clrrves rather well but gave non-conservative resul ts .  
occurred a t  reduction heights giving nearest neighbor separations of about 18 cm 
for c r i t i ca l i t y ,  i n  which case the predicted separation was abmt 1 cm l e s s .  
For systems.of 2 and 3 interacting 3-inch thick slabs, a t  an H/U r a t i o  of 33?, 
the  shape of the predicted curves agreed rather poorly with experiment, but 
gave conservative res -d ts .  

canparison was made of predicted c r i t i c a l  height 
separat im cwves with experimental measurements (ORNL-2389) on par t ia l ly  

For 

The maximum discrepancy 

These resillts have not yet been explained. 

(7) 

1 2 3 b  

V. I. Neeley, "Measurements of k, for  Three Percent U h  - Hydrogen Moderated 
Hmogeneaus Systems"1 Nuclear Fqfsics Research Q a r t e r i y  Report for  $sly, 
August, September, 19 59 ~~-62',12'f. 
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The two-group cross sections used i n  these caiculations were obtained fram 
Cr i t ica l i ty  calculations ( W A P D - T M - ~ ~ ~ )  of reflected isolated f i n i t e  cylinders 
which correlated well with experinents. To correct for the difference i n  H/U 
atzrnic r a t io  between the ( W A P D )  isolated cylinder calculations and the (ORNL)  
interaction measurements, each cross section was assumed t o  vtxy as some power 
of the H/U ra t io .  

The empirical constants were obtained by a leas t  squares f i t t i n g  procedure t o  
the W A P D  cross sections. The acm-acy of t h i s  f i t t i n g  w a s  tes ted by recalcula- 
t ing  the W A p D  resul ts  using the empirical relations: 
heights greater than 10 cm, the calculated k&f agreed within f .015, which is 
86 good as the agreement between W A P D  calculations and experiments. 

for  50 < H/U < 350 and 

Cri t ica l i ty  Hazards SDecifications 

Nuclear Safety i n  CPD 

Comments on the nuclear safety of transporting various forms of plutonium waste 
i t e s  were scbrnitted t o  the Finished Products Chemical Technology 

between Operation. 
compare the costs of recovering Hanford plutonium wastes locally,  as compared 
t o  the costs of recovering these wastes a t  an off-s i te  location. 

This information was requested for  an AM: study t o  estimate and 

Nuclear Safety - Training and Education 

A talk was presented OR the subject of nuclear safety t o  engineering designers 
i n  the Drafting Operation of CEWO. 

Mass S-Dectrmetrv 

It was previously reported that  the focusing action of the.magnetic analyzer of 
the mass spectrmeter for  t h i s  program depended improperly on the ion source 
focusing conditions. An exmimition of the gemetr ical  alignment of the col l i -  
mator slits re la t ive  t c  the ion source electrodes and sample filameat revealed 
that the optic axes of these twc units were displaced by about 0.018 inches. 
It is believed th& this  misaligment made possible unwanted ion reflections 
with s l i t  edges. 
fect  disappeared although the result ing ion peak shapes as they appear at the 
output of the ion detection system cannot be made quite as flat-topped as is  
desired. 

After rebuilding and realigning the collimator slits the ef- 

Studies of the response of the electron multiplier as a function of mass and 
ion current intensi ty  continued. 
as a non-linear element i n  the ion detection system. 

It appears that t h i s  multiplier also behaves 

The application of a carbonizing process t o  the source filament of t h i s  spec- 
t r m e t e r  was previously reported t o  yield a significant improvement i n  sample 
sensi t ivi ty .  Continued operation has shown that the process i s  highly rel iable  

( 8 )  Letter frcnn C. L. Brown t o  R.  B. Chitwood. 
of Shipping Plutonium. J U ~ Y  10, 1961. 

Comments on the Nuclear Safety 
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and consistently yielcfs reprcd~xible  sample sensitivi+,y and sample l i f e .  

Instrumentation 

Cotlsultation continued or, the t racer  la the control systems for CPD. 
measues were incorporated which permit a cutting operation i n  eight minutes 
w i t h  a maxirmrm error  of approximately 0,0002 inch, 
from perfect. 

Temporary 

T h i s  is considered far 
Effort contimed on the checkmt of system wiring and grounding. 

Attention w a s  given t o  a number of instrument maintenance engineering problems 
at the Cr i t ica l  Mass Laboratory. Planning a lso  was begun f G r  developing a 
period meter calibratcr,  l o r  develcping an instrument t o  measure buckling, 
ad t o  a l t e r  the Panalarm =its t c  annunciate only wben not by-passea. 

NEUTRON CROSS SECTION PZIOGRAN 

Slaw Neutron Cross Sections 

Very l i t t l e  operating time was available fcr the single crystal  neutron spec- 
trometer during the mozitn because of reactcr outages. . 

Measurements were contimed t o  study the order effects  i n  the diffract ion 
from a ge 

higher order diffracted neutrons dmn t o  a neutron energy of about C.043 ev 
t o  an accuracy of about 1 . 5  percent. 
energy region of 0.02 t o  0.04 ev t o  determine the accuracy with which standard 
f i l t e r  techniques can be employed t o  correct for  the presence of th i rd  order 
n a t r o n  contaminatior,. 

i u x  single crystal  i n  the pa7 mode. Measurements of the shape 
of the Pu w f i s s ioa  cross section indicate the absence of any effects  of 

Measurements are i n  prcgress i n  the 

Fast NEnrtron Cross Sections 

About seven days of V a n  cie G r a a f f  accelerator time were Lsed fo r  prezaratory 
studies for  the measurement cf tstal cross secticns 3y the pulsed polyergic 
beam, time-of-flight method.. Operation cf the Van de G r a a f f  was marginal a t  
first, but a f t e r  repairs were canFlete2 the acceleratar, i ts  associated equip- 
ment, and time-of-flight z m p l a  operated with eroceilent s t ab i l i t y .  

The performance of tke time-cl-flight mnplec was studied and tes ted 5y meas- 
urement of the BS(d,njB" th in  target  nectron spectmn. 
made at  a deuteron energy cf 1.8 MeV: i0 microemp doc .  beam airrent,  ana pirlsed 
beam widths as small as O * E  riancseconb. 
side charmel pclse heigkt discr iminatx effects were studled and found t o  work 
sat isfactor i ly  with o d y  slight leakage of pulses caused by energetic gammas. 
A gamma peak width of 1.5 nanosecoms was obtaine2 with a 1.5 inch diameter, 
0.5 inch thick sti lbene crystal  detector acd RCA 6810~ photcmlt ipl ier  w i t h a t  
pulse shape discriminatior. The B2(d,n>B1' nectron spectrum observed a t  a 
night path of 1.5 meters aid an angle of 25 degrees c m p r e d  favorably w i t h  
the best previcus measv,raents of others. 

An attempt was made t o  study the t h i n  2arget L,i7(2,n)Bes spectrum, ?xt the 
readily available targets  were f m d  t o  contain a prohibitive contaminatiosl of 
carbon deposit. 
target .  

Measurements were 

The N s e  shape discriminator and 

The t n i z k  targes spectrum was stuaied usiag a metallic litlitan 
Measurements were made a t  a deuteron energy of 2.0 MeV and a f l igh t  
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path of three meters. A d.c. 
successf'ully maintained, The 
the observed neutron spectrum 

beam intensi ty  of 15 microamperes at 2 MeV was 
thick target  yield w a s  lower than expected but 
had the expected shape. Measurements were made 

of the total cross sections of Al, Cu, & Fe which cover the energy region of 
about 2.5 t o  15  Mev. These measurements were of low s t a t i s t i c a l  precision ( a  
few percent) but w i l l  be of value i n  planning fo r  the final measurements with 
improved detector efficiency and higher resolution. 
been analyzed t o  yield cross section values. 

The data have not yet 

Fabrication of two and f ive  inch l iquid sc in t i l l a t i on  ce l l s  fo r  improved 
neutron detectors is i n  progress. 

Slow Neutron Scattering Cross Sections 

The determination of the spectraneter resolution and efficiency Aznctions 
by means of e l a s t i c  scattering by vanadium at liquid nitrogen temperatures 
is s t i l l  in progress. 
leted,  with energy analyses a t  standard resolution at 0.05 ev and at high 
resolution at 0.05, 0.10, 0.15, 0.20, and 0.25 ev and an angular dist r ibut ion 
at high resolution at  0.20 ev. One correction run employing the cryostat 
without the vanadium sample has been made at 0.25 ev. 

The planned ser ies  of cold sample runs has been ccmp- 

Processing of the  data fran last summer's e l a s t i c  scattering runs has con- 
tinued. 
energy analysis 111118. 
t o  obtain the  best f i t .  For the best fits, at the smaller scattering angles, 
the program has returned parameters (height, width, location) of the peak with 
standard deviations of about 2 percent. The f i t t i n g  is about 50 percent can- 
p le t  e. 

The GAUSS-FIT program has been used t o  f i t  the  e l a s t i c  peak of the 
Subtraction of various ine las t ic  components is  t r i e d  

One run was fit using both energy scale and angle scale with no significant 
difference i n  the goodness of f i t .  

REACTOR DEVELOPMENT - 04 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

The Cr i t ica l  Faci l i ty  o f t h e  PRP 

The primary aim of the Plutonium Recycle Program - Cri t ica l  Faci l i ty  (PRP-CF) 
is  t o  obtain measurements of changes i n  react ivi ty  which are associated with 
changes i n  q o s u r e  of Plutonium Recycle Test Reactor (PRTR) f'uel. 
these measurements w i l l  be made i n  a %O moderated emrironment which is similar 
t o  tha t  of the  PRm. Thus the measurements of changes in react ivi ty  w i l l  be 
complicated by the occurrence of photoneutrons i n  the moderator. The photo- 
neutrons arise from the photo-disintegration of deuterium by gamma rays of 
energy greater than 2.23 MeV ( the threshold for  the D(7,n) reaction). These 
photoneutrons w i l l  introduce errors into various types of react ivi ty  measure- 
ments. For example, t h e i r  effects  w i l l  appear in  c r i t i c a l i t y  measurements, 
subcri t ical  multiplication measurements, and r is ing period measurements. R e -  
parations are being made t o  determine the magnitude of the effects  so  that 
t h e i r  re la t ive importance i n  each of the PRP-CF measurements can be evaluated. 

Sane of 
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A crude estimate of the extraneous source which resul ts  from a U@ cluster,  
5 days a f t e r  a 100-hour i r radiat ion i n  the PRTR is n/lOIO neutrons/second. 
A standard Pu-Be s o u c e  emits ,lo7 neutrons/second. Even though the photo- 
neutron source is lo3 times larger than the Pu-Be source, the photonuetrorr flw 
i n  the reactor w i l l  be about a factor of lo4 l e s s  than the t o t a l  flux at 100 
watts power level.  

The extraneous source which resul ts  f ramthe long-lived gamma rays which are  
emitted by a Uk cluster  with this i r radiat ion history is relat ively constant 
after 5 days. For t h i s  reason consideration has been given t o  1) an experi- 
mental, method for  determining when keff = 1 for  constant reactor power opera- 
t ion  in the presence of a relat ively constant extraneous source, and 2 )  a ca l -  
culational method for  obtaining correction curves fram which the "true" or 
asymptotic period can be determined fram a measured reactor period with the 
extraneous source present. 

Information has been received on the purity of lead and bismuth which are 
available commercially. 
and i n  the lead l e s s  than 0.1% for  the ccanmercial grades. 
higher purity are  available. 
extruding bismuth and bismth-lead alloys is t o  be forwarded at a l a t e r  date. 

' 

All h p u r i t i e s  i n  the bismuth are  l e s s  than 0.0lqd 
Other grades of 

Information regarding the possibi l i ty  of 

Low Exposure Plutonium Lattices 

The inconsistencies mentioned last month i n  the f o i l  activation data for  the 
8-.3/8-inch l a t t i c e  experiments have been attributed t o  same experimental 
errors in the normalizations. 
ned and scheduled i n  the PCTR. 

Attempts t o  infer  neutron temperatures from lutetium and Fu-U and $35-Al 
f o i l  data have not been successful. 
neutron spectrum has made it impossible t o  correct fo r  epithermal effects  in 
a satisfactory way a t  this time. 

The "hardness" of the  spectrum i n  the 6&inch l a t t i c e  may be seen in the  
cadmium ra t ios  of Fu-Al, @35-Al, and BF3 detectors at various positions i n  
the l a t t i c e  ce l l .  

A new normalization i r radiat ion has been plan- 

The lack of knowledge of the shape of the 

Cadmium Ratios ( .040" cd) 

PU $35 
Poisoned UnDoisoned Poisoned mnoisoned 

Cell boundary 10.78 12.94 5 934 6.98 
fuel (weight 
ave . ) 6 .g i  9 .og 3.66 5.19 

BF3 
Poisoned Unpoisoned 

5 -65 7 943 

4 Epicadmiurn 14.5$ ll. .oo$ 24-34 19.34 
fissions i n  
Fuel 
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=her work has been done i n  determining the change in (1 + 
upon poisoning a plutonium fueled l a t t i c e  in  a PCTR experiment. 
f i s s ion  ra tes  have been calculated with ACE fo r  Lu, Cu, Pu-239, a d  Au in Max- 
wellian and Eurwitz absorption spectra up t o  1 ev. The spectrum averaged values 
of a, weighted with the Pu-239 f i ss ion  cross section, have also been obtained 
up t o  1 ev. Work i s  now i n  progress on making corrections t o  some of the re- 
sults obtained above as well as the absorption and f i ss ion  rates  obtained ear l ie r  
in a Hurwitz flux spectrum for  the energy region in excess of 1 ev. 

which occurs 
Absorption and 

Plutonium me1 Temperature Coefficient 

A study of plutonium diffusion through Zr cladding at elevated temperature is 
being conducted by Plutonium Fuels Developnent Operation. No transmission of 
Pu through the cladding w a s  detectable a f t e r  a run of 4 hours a t  600~~. 
8 hour, 6000~ run has been scheduled. 
planned experiments should not create any contamination problems. 

An 
The resu l t s  so f a r  indicate that the 

Neutron Rethermalization 

Analysis of the absorption rod experiments has continued through the month. 
Attempts have been made t o  obtain a numerical solution t o  this problem using 
the IEplI 7090 codes FIT-1 and HFN with group constants obtained frum an "absorp- 
t ion  spectrum" model.. 
the  apparent fa i lure  of the codes can be given. 
solution has been sarght. 

No solutions have been obtained and no explanation for  
I n  view of this an anslytical  

Uranium 0cide Reactivity 

Preparations have been canpleted for  t h i s  experiment. Special graphite bridge 
bars have been made so that a neighboring buffer ce l l  can be removed. 
w i l l  permit a c-ison of react ivi ty  effects  of this cell as canpe;red t o  the 
central  ce l l .  
have been matched w i l l  be found. A special se t  of stainless-s teel  spiders and 
end-caps have been prepared t o  accept copper wires. 
the wires w i l l .  be cut into sections and counted, so that a detailed flux 
traverse i n  t h i s  portion of the ce l l  w i l l  be obtained. 

This 

It is hoped that sane application i n  determining when the fluxes 

Af'ter being irradiated, 

Multichannel Analyzer 

A long-lived ac t iv i ty  which is present i n  the nickel f o i l s  which have been 
used in  spectral  index measurements has been identified as CO-60. Another 
ac t iv i ty  which has a half l i f e  of 2 or 3 months is believed t o  be Co-59 which 
would be produced by the reaction N i - 5 8  (n,p) Co-58. 

A purchase r e w i s i t i o n  has been in i t ia ted  for  nickel which is expected t o  
be much purer than that which is now being used. 
used i n  spectral index measurements. 

. 
The purer nickel w i l l  be 

The multichannel analyzer has been modified so that the counts i n  each channel 
can be added t o  the counts in previous channels before they are printed. This 
function makes calculatioE of the area under photopeaks and calculation of 
integral  curves with desk calculators unnecessary. 

1 2 3 b 9 9 3  
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Effect of Absorbing R o d  on Neutron Energy Spectrum 

The effect  on the neutron flux of a Breit-Wigner resonance term on the l /v  absorp- 
t i on  continues t o  be investigated. 
numerically unfeasible, and an al ternate  solution w a s  derived. 
being programmed. 

The f i r s t  analytical  solution w a s  found t o  be 
This solution is  

Code DevelopLent 

C-6 

P r o g r m  of the code t o  generate a 100-group cross section data tape frm the 
RBU Basic Library is about 75 percent cmplete, and debugging is  just  beginning. 
The code contains two subroutines which w i l l  be usefhl i n  future programs t o  
obtain cross section informstion. 
RBU Bssic Library for  the cross sections associated with a given isotope and 
places the  cross sections in arrays in memory which may be conveniently handled 
by Fortran programs. 
sections fo r  up t o  400 groups with arbitrary energy ranges. 

- 

The first of these subroutines searches the 

The second subroutine w i l l  generate group averaged cross 

RBU 

input for the f irst  system representing the inner portion of the PRTR core w a s  
ccaapleted. Several simple test cases were prepared for  the purpose of observ- 
ing the effect  of cross section changes on the thermal spectrum generated i n  
the Monte Carlo. 
pretation. of results on the more r e a l i s t i c  problems. 

- 

It is intended t h a t  these test cases w i l l  a ss i s t  i n  the inter-  

Debugging of the MXW code, wf;rich generates Westcott-type effective cross sec- 
t ion  data using the Hurwitz spectrum, w a s  begun. 

WESSM I1 

The convergence d i f f i cu l t i e s  i n  t h i s  code were resolved. 
section treatment is being modified t o  conform t o  that used i n  Meleager and GPR. 

Currently the cross 

Instrumentation and System Studies 

Assistance w a s  given t o  PRTR operational personnel during the July starhip on 
fuel  fa i lure  monitoring problems. 
fabricated for  use with the instal led fuel fa i lure  monitor and for  the bulk gas 
sampler. ConfLrmation of analytical  laboratory resul ts  w a s  obtained with the 
temporary gamma energy analyzer used at PRTR. 

Ekperimental work continued on a new tme of "last ditch" safety fuse system 

use for the the surrounding a center w e l l  device f i l l e d  with mercury and with a 
capillary tube extended into the w e l l .  
predicted flux levels,  the mercury expands up into the capillary t o  produce an 
e lec t r ica l  contact a t  the top t o  energize an alarm. 
t o  determine heat r i s e  i n  the mercury column for  various expected PRXF reactor 

Several detectors and preemplifiers were 

F now tha t  the 934 $35 has been received. The new fuse idea w i l l  

As the $35 heats frm effects  of the 

Tests w i l l  now be performed 
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periods. 
milliseconds a f t e r  a r t i f i c i a l  heat application. 
are in order before experimental units are fabricated. 

Laboratory t e s t s  indicate a heat r i s e  of 10 C w i t h i n  100 t o  200 
Further laboratory tests 

Work has been resuned on %he PRTR process tube w a l l  thickness measuring 
problem. 
fabrication is estimated at '7% coanplete. When fabricated, this probe w i l l  
be used t o  exemiae the re la t ive  performance of two different crystal. sizes, 
1.0 x 0.5 inch and 0.5 x 0.25 inch. 
t o  acoustic coupling and qutput signal strength. 

The ultrasonic probe assembly has been returned t o  the shop and 

Ccrnparisons w i l l  be made with respect 

Mockup testing of a new eddy current probe for  measuring the  gas annulus in  
the PRTR ( i n  a radiation f i e l d )  has continued during m y .  
the costs of designing, fabricating, and t es t ing  a probe assembly which can 
accaumodate a barescope tube is being prepared for  Structural Materials Opera- 
t ion.  

During low power operation, the PRTR secondary loop deareator controls appear 
t o  be inadequate. 
manually controlled. 
derived. 
varying steam and water flows as w e l l  as variable specific heats, etc.  
variable physical properties are r ewi red  by the l o w  pressure operation. 
analog c i rcu i t s  w i l l  be started as soon as suff ic ient  data are obtained fran 
PRTR personnel. 

An estimate of 

Autcmatic operation must be by-passed and the deareator 
EQuatians describing the ent i re  secondary loop have been 

Adequate description of the deareator req l i res  consideration of the 

The 
The 

The PRTR G a s  Balance System Analysis has not been cunpleted. 
simulation is  operating w e l l ,  ht a good deal of d i f f icu l ty  has been experienced 
in  the determination of r e a l i s t i c  values fo r  the various damping factors in- 
volved. Work on t h i s  phase of the problem is continuing. 

The,computer 

The poison injection scram runs for  the PR!CR Cr i t ica l  Faci l i ty  were re-run t h i s  
month. Tle original mns were based Dn a thermostat mounted such that a fuel 
element temperature of 124 F w a d  cause it t o  t r i p ,  thereby scramming The 
reactor. However, test .s  shared that ike  t o  thermal lag in the  fuel  elements, 
the a c t a  power level  a?: which the themostat  would actuate depended largely 
on the type of accident invclved. The re-mns were therefore based on a cal- 
culated power level  actuating pcint of 10JOOO watts. a i s  work was completed 
t h i s  month. 
storage or analog memory techniques t o  aGtamatically perform the rescaling 
necessary for  a multi-decade reactor simdation. 

The reactor s w a t i o n  was programmed t o  use the idea of point 

PHOENIX FUEL 

ARMF-MTR EKperimentE with Plutcnium me1 

A l l  of the necessary approvals are obtained for  the irradiations i n  the MTR. 
Therefare, pre-irradiation measurements w i l l  be made of the react ivi ty  of the 
Pu-A1 samples i n  the ARMF. 

Satisfactory Pu-AI. samples which contain boron have not been fabricated. 
Both spectrochemical and spectrDgraphic analyses of the mixed alloy have been 
made. Theresults of the two types of analyses agree. However, they do not 
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agree with the ammint of b0rcnpu.t into the plutonium alloy. 
could be caused ei ther  by non-uiform dispersion of the boron or by a loss  of 
bcron i n  the mixing process. 
i n  order t o  obtain samples in which the boron is  uniformly dispersed thruugh- 
out the alloy. 

This inconsistency 

These poss ib i l i t i es  are being investigated f’urther 

In the absence of suitable samples which contain boron, the AREPF w i l l  be C a l i -  
brated for neutron absorbers with polyethylene tape which is impregnated with 
boron. This tape will be m o u n t e d  on f’uel samples which are  made with an alloy 
which has the same plutonium concentration as tha t  being mixed w i t h  boron. 
When the samples which contain boron are available the ARMF w i l l  be recalibrated 
and the resu l t s  will be campared with those which are obtained with polyethylene 
ta-pe 

SPECIFIC FUFL CYCLE mALm1s 

sis 

Data f r m t h e  AEWR burnup analysis has been extensively checked for  consistency 
and appeers t o  be satisfactory.  The analysis is continuing as planned. 

The spectrum of the Dresden reactor as a f’unction of exposure was obtained, and 
a study of the f i ss ion  product concentrations during burnup w a s  carried out. 
With an i n i t i a l  temperature of 470 C, and an r-factor 0.108, the U-235 and 
Pu-239 concentrations agreed with calculations done by the Dresden group Over 
the en t i re  exposure range. 

New resonance cross section data fo r  the isotope Protactinium-233 w a s  incorporat- 
ed in%o the cross section l i b ra r i e s  for  the various burnup codes now i n  use. 

NAITRON FLUX MONITORS 

Tentative specifications were prepared concerning the s ize  and tSrpe of PU 
isotope detector sleeves t o  be local ly  experimentally fabricated. 
will be wed  t o  t e s t  the various isotopic compositions. 
w a s  started on an experimental basis with no positive resu l t s  t o  date. 
various P,I isotopes required for  the sleeve fabrication were ordered and crumminf- 
cation w a s  received that all required compositions w i l l  be sent fran ORNL. 
Init ial  work w a s  started in an attempt t o  determine i f  there exis ts  sane Optimal 
ionization chamber configuration best suited t o  in-core flux profiling. 

The sleeves 
Some f o i l  fabrication 

The 

Eqerimental work on the flux monitoring ideas based on microwave detection 
of neutron-induced changes i n  molecular energy states have been delayed by 
slow equipnent deliveries.  
a frequency doubler u n t i l  a Hewlett-Packard frequency doubler, on order, is 
delivered. The doubled frewencies of interest  l i e  between 26 and 36 KMC. 
conversion efficiency is law, and variable with frequency. However, it per- 
mitted a check on the operation of the signal generator, and w i l l  d l o w  some 
good preliminary experiments t o  be performed before the ccanmercial unit arrives.  
A microwave bridge of a type suitable for  molecrrlar spectroscopy and a trans- 
mission cavity for  measurement of very s m a l l  displacements were built.  
resul ts  are confusing because of the presence of third harmonics from the 
harmonic generator, but shuw good promise. 

A crystal  harmonic generator was b u i l t  t o  act  as 

The 

The 

If the Hewlett-Packard doubler 
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aelivery date cor;tinue& t o  5e advanced into the f b t a e ,  uses of a lcw-pass 
f i l t e r  w i l l  5e attempted. 

MOmDESTRUCTIVE TESTING RESEARCH 

Electrmagnetic Testing 

A review of recent developnents h the areas of multivariable control and adap- 
t i v e  control has been in progress t o  determine applicabili ty of results t o  the 
prcblem of parameter identification in broadband electrmagnetic testing. This 
review has revealed that the parameter identification problem has a number of 
characterist ics i n  camon with these disciplines, indicating that  contimixq 
developments i n  both should be watched fo r  new applicable techniques. It has 
also emphasized that nondestnrctive determination of parameters under continuous 
tes t ing  w i l l  involve techniques of estimation theory now i n  the infancy of their 
development and far frcm complete. 

The theory of multivariable controls provides insight i n to  the problem, since 
it recognizes the principle of "uncertainty of structure"; that is, given a 
black bax whose external behavior is cunpletely known, but whose internal struc- 
ture  is completely unknown, nothing can be inferred about the latter fran the '  
former. 
great influence on the  processing of the external signals.  Since t h i s  discipline 
is often concerned with the indeterminant portion of system structure and is con- 
cerned with measuring and' reducing interrelat ions between variables, it has a 
great deal i n  cannon, in i t s  basic nature, with the problem under study. 

The internal  forms must be assumed, and the  type of form assmed has a 

Adaptive control also has mch in cannon with the problem, since adaptivity 
infers that f irst  it is necessary t o  provide automatic measurement of process 
aynamics. 
t u re  at present. However, fo r  systems of high dimensionality, a pract ical  solu- 
t i o n  for  rapid identification is not yet available. 
gaussian variation of the unlmowns and search for  some minirmrm-variance estimate. 
A t  present, t h i s  also appears the most pruniaing approach t o  ou- problem. Unfor- 
tunately, the published l i t e r a tu re  been concerned with systems wherein the 
unknown variables were dynemic; thst is, they can be related by a Lagrangian 
s t a t e  function, which is  aot the  case with the parameters of the  eddy currenr 
test. 

This ident i f icat ion problem is receiving much attention i n  the l i t e r a -  

Most approaches assume a 

Procedures are being fcmulated for  preliminary experimental work t o  determine 
parameter excursions in lumped parameter models of the eddy current t e s t .  
experiments w i l l  investigate the sens i t iv i ty  of system responses for  different 
types of probing functions and w i l l  attempt d i rec t  readout of small  parameter 
changes in  simple systems. 

These 

Heat Transfer Testing 

A 40 kilowatt plasma arc  Jet heat source fo r  application t o  heat t ransfer  t e s t -  
i-ng has been procure&. Tiiis unit, together with a 50 kw, 10 kc induction heater 
also t o  be used for  heat t ransfer  testing, w i l l  be instal led i n  the 314 Building 
Physical Testing Laboratory. 

An area mapping sys temtc  allow rapid correlation of recorded heat t ransfer  defects 

1 2 3 b 9 9 - l  
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t o  location on a fuel element is being developed. 
t a t e  correlation of heat transfer t e s t  resu l t s  with resu l t s  fram ultrasonic 
and destmctive t e s t s  on a number of fuel  elements. 
presently S e b g  investigated u t i l i ze s  pulse width modulation t o  produce l i ne  
segments of various lengths on a two-dimensional map. Position of each l i ne  
segment on the map corresponds t o  position on the Are1 element, and the iengths 
of the selpnents correspond t o  temperatures. Thus, a two-dimensional map allow- 
ing both rapid correlation of areas and precise quantitative t q e r a t u r e  read- 
out should be obtained. 

This systen should f ac i l i -  

The mapping method 

A report by D. Re Green9 "An Instrument for  Nodestructively Testing Fuel Core 
to C l a d d i n g  H e a t  Transferffg HWSA-2232, covering the heat t ransfer  tes t ing work 
thus f a r  has Seen issued. 

zirconium Hlvdride Detection 

Feasibil i ty of applying H a l l  effect measurements as a nondestructive method o f r  
detecting hydrogen in Zircaloy-2 has been studied and a report is being ccmnpleted, 
Measurements of changes prcducd. i n  Youngss modulus of Zircaloy-2 when placed in 
a magnetic f i e l d  shmed the changes t o  be extremely smaU. Preliminmy re s i s t i -  
v i t y  measurements in Zircalay-2 are being made t o  determine the effect  of hydro- 
gen concentration on the r e s i s t i v i ty  

Measurements of the  Hall, coefficient in Zircaloy-2 samples with 0 t o  15,000 p p  
of bydrogen have been canpleted. Frau 0 t o  1,000 p p  (by weight) the relation- 
ship between the Hall coefficient and hydrogen concentration w a s  not monotonic. 
Therefore, Hall effect measurements alone could not be used t o  uniquely specify 
the concentration of hydrogen in Zircaloy-2 a t  low concentrations. 
between 5,000 and 159000 ppm of hydrogen the relationship is linear,  and applica- 
t ion  of H a l l  e f fect  t o  measurements of hydrogen concentrations i n  this range fn 
e i ther  small Zircaloy-2 corrosion control cmpons o r  reactor process tubes appears 
promising 

Howeverp 

The draft of the report cm the effect  of low hydrogen concentrations on H a l l  
effect i n  Zircaloy-2 has been ccnnpleted and reviewed. 

An Pqeriment w a s  conducted t o  determine i f  a change occlirs in the velocity of 
propagation of a canpression wave dEe t o  a change in YoungDs modulus when a 
sample of Zircaloy-2 w a s  placed in a magnetic field, It w a s  thought that such 
a change m i g h t  be sensit ive t o  hydrogen concentration i n  the sample. 

Two barium t i t ana te  transducers were connected so that one w a s  pulsed with a 
thyratron and hlgh voltage suurce and the other connected through a video smpli- 
f i e r  t o  an oscillosccqe which acted aa a detector. Ry observing a 20-nanosecond 
portion of the canpression wave, af ter  the wave had travelled for  approximately 
0.5 millisecond9 a resolution of 0,0005 percent f o r  any velocity change was 
achieved. 
velocLty change w a s  observed. 
modrr l r rs  upon application of such a magnetic f i e ld  is extremely small, and it 
is doubtful tha t  the method could be adequately refined for  use i n  detecting 
hydrogen i n  Zircaloy-2. 

The r e s i s t i v i t i e s  of zircaloy-2 samples containing different hydrogen concentra- 
t ions are being measured t o  experimentally determine the relationship between 
r e s i s t i v i ty  and hydrogen concentration. 

won application of a le75 kilogauss magnetic f ie ld ,  no propagation 
This t e s t  indicates that any change i n  Youag's 

~n eddy current method f o r  measuring the 
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r e s i s t i v i ty  is being tried. In th i s  method, measurements are made by noting 
the ra tes  of decay of magnetic flux within samples si tuated i n  an external 
magnetic f i e l d  when it i s  rapidly reduced t o  zero. The flux decay ra te  is 
determined by the r e s i s t i v i ty  of the sample and hence, can be used t o  measure 
the res i s t iv i ty .  
localized values of r e s i s t i v i ty  may be measured. TG date, the r e s i s t i v i ty  of 
an aluminum rod has beenmeasured as a first step towards refining the experi- 
mental procedure and techniques. 
t i v i t y  of al- w a s  within experimental error.  

No contact of t h e  t e s t  coi ls  t o  the specimen is required, and 

Agreement with published values for  the resis- 

USAEc/AEcL COOPERAmvE PROGRAM 

Nondestructive Testing of Sheath Tubing 

A detailed outline has been prepared which describes the plan under which develop- 
ment work w i l l  be conducted, 
defined and the types asld sizes of defects desired t o  be detected are established. 

Tubing variables which may affect  t e s t  resul ts  are  

A l i t e r a tu re  search w a s  conducted t o  establish the s ta tus  of ultrasonically 
tes t ing  Zircaloy sheath tubing. C a n n d i a n  GE-CAPDJ GE-APED, and HAPO, appeared 
t o  be the major s i t e s  tes t ing  significant quantities of tubing. 
cribing the tes t ing  techniqyes used by each is  being prepared and w i l l  be issued 
as a memorandum. 
has Seen studied. A memorandum w i l l  be prepared t o  summarize the status of t h i s  
work also. 

A sUrmMZy des- 

Material describing relevant analytical  and experimental work 

Design work on a versa t i le  mechanical system fo r  experimental ultrasonic work is  
about 75$ ccmpleted. 

PHYSICAL RESEARCH - 05 PROGRAM 
Mechanism of Graphite Damage 

Measurements of electron radiation damage t o  graphite continued. 
nitrogen cooling is extensively used i n  these experiments a study w a s  made of 
the  dangers result ing fran the  ozone that we found t o  be produced during the 
i r radiat ion of the liquid nitrogen. 
sonnel there i s  an explosion ktazard. 
liwd nitrogen. 
evaporate. If appreciable mounts of it can reach an organic material, explosive 
combustion of that  material may result. 

Since l iquid 

In addition t o  an inhalation hazard t c  per- 
The ozone appears as a blue sol id  i n  the 

When the nitrogen has all evaporated the ozone begins t o  

BIOLOGY AND MEDICINE - 06 PROGRAM 

ATMOSPHERIC PIlYSICS 

Progress was noted i n  atmospheric research with the development of a diffusion 
model which accounts for  the wind direction shear with height in the lower layers 
of the atmosphere. 
shearing effect  which is evider;t from both visual observations of plumes and 
from exposure data gathered from m a n y  experiments. The magnitude of t h i s  shear- 
ing effect is  correlated with tnermal s tab i l i ty ,  indicating that t h i s  model would 
describe much more r ea l i s t i ca l ly  the diffusion cluing nighttime conditions after 
a temperature inversion has develcped. Analyses of extensive data collected dur- 

Until now, there has been no mathematical treatment of t h i s  
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ing actual f i e l d  experiments lend support t o  t h i s  more generalized concept. 

The developnent of a method for  simultaneous collection and subsequent detec- 
t ion  of two atmospheric t racers  on a single f i l t e r  con inues. Already demon- 
s t ra ted is a technique whereby a mass of l e s s  than lo-’ grams of zinc sulfide 
t racer  and a mass of 10-9 grams of fluorescein can be detected a f t e r  having 
been collected on the same f i l t e r .  
in the prese ce of the other is  negligible when the r a t i o  of their masses is  
l e s s  than 10 . 
of another by means of pulse discrimination is naw being pursued. 
in this l a t t e r  method are that the dependable Rankin Counter, presently employed 
in analyses, can be used, and no processing of the f i l t e r  is necessary as it 
canes frm the f ie ld .  

Interference in measuring one of the t racers  

t The feas ib i l i t y  of detecting one zinc sulfide in the presence 
The advantages 

Concerning the ra in  scavenging experiments, eqyipnent capable of producing 
a r t i f i c i a l  ra in  hag been instal led on a tower on the 200 meter a rc  of the stable 
diffusion grid. 
using supporting sampling equipment designed for  sizing the raindrops. 

TWO stable difAzsion experiments were conducted during the month, both of which 
were successful. 

This ergxipent w a s  sa t i s fac tor i ly  operated on two occasions, 

In Air Force-supported programs, the termination of the summer ser ies  a t  Vanden- 
berg Air Force Base is scheduled for  August 5. More than f i f t y  f i e ld  t e s t s  w i l l  
have been caspleted a t  that time. 
conducted a t  Cape Canaveral, Florida, have been programmed, yielding the mass 
equivalents collected on samplers and also the first four manents of the distri-  
bution of the exposure values. 

Data obtained fran the twenty-three tests 

\ 

DOSfMFITRY 

A ma1 scirr t i l la t ion counter about f i f t y  percent larger  than the one now i n  use 
a t  the whole body counter w a s  obtained from the H a r s h a w  Chemical Canpany for  
evaluation. The resolution of t h i s  new counter w a s  found t o  be about ten  per- 
cent. This is t o  be canpared with 8.6 percent fo r  the present counter. 
the resolution of the new counter is not qyite as good, it is s t i l l  adequate for  
whole body counting. 
percent greater than that of the present counter. 
counter might be useful in shadow shield type counting t o  offset  the s l igh t ly  
reduced counting rates  i n  such applications. 

Although 

The counting ra te  of the n e w  counter is  about sixty-five 
It appears that th i s  new 

It w a s  necessary t o  replace some of the column res i s tors  i n  the positive ion 
Van de G r a a f f .  It is possible that OUT tests of operation a t  2.5 MeV caused 
the deterioration of the resis tors .  
a new ion source installed.  

The accelerator column w a s  realigned and 

Measurements were canpleted of the neutron emission frm three different s ize  
masses of plutonium in the large neutron moderator. 
ground counting r a t e  of the large moderator w a s  increased when neutron sources 
were being used f o r  calibration -purposes in nearby buildings 
effect in the BF3 counters w a s  observed t o  ccnmnence quite rapidly. The sensi- 
t i v i t y  of the large moderator t o  different energy neutron sources w a s  observed 
t o  change quite rapidly with the neutron energy. 
have not yet been eliminated. 

It w a s  found that the back- 

The garma ray 

Sane slow drifts i n  sensi t ivi ty  



B-29 IIW-706 58 Is 

\ 

A plutonium-beryllium neutron source containing the same amount 
as one of our sources w a s  borrmed fran the United States Naval 
Defense Laboratory. The two sources were s l igh t ly  different i n  

of plutonium 
Research 
size.  Double 

moderator ra t ios  and other characterist ics of the two sources were measurably 
different.  This i l l u s t r a t e s  again that plutonium-berylliun sources cannot be 
assumed t o  canpare on astoichianetric basis. 

A new method w a s  developed for  preparing carbon targets fo r  the Van de G r a a f f .  
Following thorough outgassing the carbon w a s  evaporated on t o  a backing material 
that w a s  kept very hot. The resulting targets  could be made much thicker than 
by any of the older methods and had be t te r  heat and ion banbardment resistance. 

The Sb-I24 neutron source for  the half l i f e  measurement is being activated in a 
W o r d  reactor. 
of calorimetry t o  the determination of the isotopic canposition of plutonium. 
A plutonium sample is being obtained for  some t e s t  measurements. 

A study of the theoretical  foundations of radiation dosimetry w a s  canpleted 
with the preparation of a report on Field Equations in Doshetry. 
w a s  prepared in collaboration with D r .  H. H. Rossi, Radiologicsl Research Lab- 
oratory, Columbia University. Beparation of the report was stimulated by 
participation of the authors in the  work of the  ICRU ad hoc camnittee on quanti- 
t ies  and units. 
relations i n  dosimetry give r i s e  t o  cer ta in  f i e l d  equations. 
connection of standard radiation transport theory t o  these f i e l d  equations 
and uses the theory t o  generalize and t o  develop detailed expressions for the 
terms of the field equations. 
the f'undamental concepts of dosimetry and should f ind extensive future use i n  
t ra ining radiological sc ien t i s t s  and i n  attacks on cmplex dosimetry problems. 

A study was made that indicated sane promise in the application 

The report 

The report shows how the basic definit ions and energy bslance 
It also shows the 

This study has already been of use in clarifying 

RADIATION INslTRuMEmTs 

Fabrication of the mechanical shroud assembly fo r  two phototube detectors for 
the alpha coincident-count air monitor is nearly c q l e t e d .  
portions have been canpleted, tested, and installed.  Cmplete system tests 
w i l l  commence as soon as the  mechanical shrouc5 assembly is finished. 

AU. circui t ry  

Several c i rcui t ry  improvements were incorporated and planned for  the miniature 
t ransis tor  pulse amplifier and reg is te r  driver fo r  the personally carried 
"pocket" experimental indicating dosimeter. Although the i n i t i a l  system, 
fabricated in small package, worked reasonably well, it was decided t o  further 
experiment with the c i rcu i t s  t o  obtain the titmost r e l i ab i l i t y .  
ing c i rcu i t  is being incorporated at present, 

A pulse stretch- 

Investigations and c i rcu i t  experiments continued on methods t o  reduce noise 
effects for l o w  level,  low gamma energy counting. Since the  particular bother- 
sane noise bursts contain both posit ive and negative canponents and the desired 
signal is of a negative nature, c i rcu i t s  are  being developed t o  gate off the 
counting portion if the input signal has the  positive and negative canponents. 
If successfhl, improvements i n  detection sens i t iv i ty  fo r  l a w  level, l a w  energy 
photons w i l l  be obtained. 

1 2 3 1 0 0 1  
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Investigations and experiments continued concerning the sol id  s t a t e  surface 
barr ier  s i l i con  diode detectors. 
an alpha energy resolution of 30 Kev was obtained using a low noise amplifier. 

U s i n g  one-square-centimeter s ize  detectors, 

Initial c i rcu i t  development was started on a portable, battery-operated, auto- 
matic recording area monitor of a rugged type for  use i n  remote locations w i t h -  
out line power and where environmental conditions may be severe. 
c i rcui t ry  and sc in t i l l a t i on  detection w i l l  be used w i t h  initial circui t ry  
being tes ted at present. 

Solid s t a t e  

Considerable progress was achieved concerning l i gh t  detection and readmt cir-  
cuitry for  the small  "pocket" indicating and alarming dosimeter which uses a 
m o d i f i e d  pencil ionization chamber with a l ight  illuminating the Quartz fiber. 
Since the l ight  detecting CdS photocells are quite temperature sensitive, the 
output si- changed measurably with temperature. Two methods of alleviating 
t h i s  problem are  being investigated. The first  method uses two ce l l s  with one 
senring as a reference for  temperature canpensation, and a regliLating c i rcu i t  
with feedback through the i l l umina t ing  l ight  bulb w a s  developed t o  hold the C d S  
c e l l  resistance constant. Thus both the detecting c e l l  and the reference c e l l  
are similarly illuminated. The 
second method employs only a single photocell and a pulsed l i gh t  source with a 
pulse frequency of 1 t o  10 cps. 
about two for  the experimental c i rcu i t  used. 

A signal-to-noise r a t i o  of f ive  w a s  obtained. 

To date, the signal-to-noise r a t i o  has been 

Transient noise problems have been solved concerning the Autanatic Film Badge 
Densitometer System. 
basis. 
system is ready for  t ransfer  t o  the Radiation Protection Operation location. 
If properly used, the system shauld continue t o  perform sat isfactor i ly .  
mendations were presented t o  RPO personnel concerning desirable changes in the 
"identification dot" punch system which w a s  par t ly  canpleted prior t o  Instru- 
ment Research and Development e f for t  regarding the system. 

All t e s t s  are  now running sa t i s fac tor i ly  on a day-to-day 
The operation and instruction manual is being written, and the canplete 

Recm- 

Advice and assistance was rendered t o  Chemical Effluent Technology Operatian 
concerning elec ronic c i rcz i t ry  problems associated with a reactor effluent 
monitor fo r  ~ , s 7  2 . 
Alpha readout c i rcu i t s  for  the m o d i f i e d  experimental Alpha-Beta-Gamna H a n d  and 
Shoe Monitor were considerably changed t o  improve alpha detection efficiency. 
Decade transistorized scalers were employed in place of the previous electro- 
mechanical regis ters .  
alpha pulse indicating w a s  noticeably impaired, since even at low count rates,  
several alpha-caused pulses were not registered for  each that w a s .  The decade 
scalers, w i t h  a resolution of t en  microseconds, measurably impraved the situa- 
tion. With the new inexpensive probes instal led and tes ted and with the alpha 
scalers in praper operation, the experimental prototype is nearly ready for 
demonstration use at P u r a  and R e d o x .  

Since the regis ter  dead time approached 100 milliseconds, 

A l l  system t e s t s  were sa t i s fac tor i ly  cmpleted on the experimental prototype 
Beta-Gamma Check-Out Station Monitor for  use i n  the reactor areas. The instru- 
ment u t i l i ze s  gamma background suppression circui t ry  t o  permit retention of 
adequate sens i t iv i ty  fo r  monitoring shoes and hands even in re lat ively high 
background areas. A l l  indication of both gross and net (background suppressed) 
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counting is with count-rate-meter c i rcu i t s  employing adjustable 
meter relays for  indication and alarm purposes. In addition t o  
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set -point 
the hand and 

shoe probes and circui ts ,  a general area monitor c i rcu i t  and several types 
of cable-connected clothing checking probes and c i rcu i t s  are  employed i n  the 
instrument. 
type employing t h i n  sheet terpheqyl-in-polyvinyltoluene detectors. 
provisions are included fo r  use of GMtubes and BF tubes 88 desired. 

source e i ther  of the point type or distributed Over a 4 x 8 inch area. The 
sc in t i l l a t i on  clothing probes can detect both G4 and $5, and the clothing 
probe readout is by both loudspeaker ani? meter. 

The shoe, hand, area, and clothing probes are of the sc in t i l l a t ion  
In addition, 

The 
hand and shoe probes can easi ly  detect and alarm w 2 t h  a 10,000 d/m R a  D-E-F 

Considerable improvements were made in fabrication methods of the  CsF2:Mn 
thermoluminescent dosimeters. Tests indicate that the method w i l l  circumvent 
batch-to-batch phosphor characterist ic differences which have been a problem. 
Several sets of experimental dosimeters were fabr cated 
variaus K-sources, f i l t e r ed  X-rays, and both RaZi and C 8 .  Irradiations 
were performed pparallel, perpendicular, and at a 45-degree angle t o  the plane 
of the meta l .  button holdingthe phosphor. Qualitatively, it can now be stated 
tha t  2rr directional independence has been attained; huwever, energy independence 
down t o  16 Kev has not been obtained t o  date. 
band structure of the CaF2:Mn phosphor w a s  prepared. 

Fabrication w a s  nearly completed on an experimental, transistorized ten- 
nanosecond-resolution puJ.se amplitude discriminator c i rcu i t .  
conducted as soon as the  necessary fast diodes are received and installed. 

Experiments continued concerning zinc sulfide par t ic le  detection methods for  
the Atmospheric Physics Operation. Five new Am?-41 sources were obtained and 
sprayed with p las t ic  t o  prevent smeaxhg. 
determined, by experiment, t o  be best suited t o  the  dual pigment method of 
detection by pulse height analysis. 

tes ted using 

A paper concerning the proposed 

Tests w i l l  be 

Two types of Zns pigment were 

A second special terphenyl- in-pclyvl toluene detector w a s  designed and 
fabricated for  use by Biology Operation personnel studying Ca45 uptake in 
fish.  
counting them i n  the Biology Total Body Monitor. 
cated at the 100-F machine s h q .  

In addition, a mechanism was designed for  holding l i v e  a n h a l s  w h i l e  
The holder w i l l  be fabri- 

Discussions were held with, and advice and assistance rendered to,  personnel 
of Environmental Monitoring concerning t h e i r  Columbia River Monitor which 
uses a sc in t i l l a t i on  detector, sol id  s t a t e  DC amplifier, recorder, and high 
voltage supply. 
of 10 t o  30 microroentgens per hour, the phototube noise contributions, which 
vary with probe temperature, have caused considerable diff icul ty .  
co i l  cooling w a s  t r i e d  with moderate success; however, it w a s  recamended that 
a pulse counting system using transistorized c i r c u t r y  and a larger s c in t i l l a -  
t ion  detector, be employed t o  solve the problem. 
is just not suitable f o r  such very low l eve l  monitoring work. 

Since they are attempting t o  monitor fo r  dose-rate levels  

Water jacket 

The presently employed system 

Work continued on improvement of the Whole Body Counter data system. 
Laboratory for Electronics magnetic disc memory w a s  received and c i rcu i t s  were 
developed for gating and drivilig the read-write heads. 

The 

The design of the pulse- 
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height analyzer channel summer was cmpleted. This system provides f o r  the 
adding together of the counts in up t o  nine graups of selected channels and 
the print-out of the resultant t o t a l s .  

Arrangements were made t o  check out the new hpex tape transport mechanism 
received by Atmospheric Physics Operation. A power supply and record-repro- 
duce amplifier set w i l l  be borrowed f r a n t h e  analog canputer transport delay 
tape machine t o  make the t e s t s .  
recording meteorological data for  subsequent analysis on the analog computer. 

The new tape recorder w i l l  be used for 

Ini t ia l  studies i n t o  the needs and requirements of W i n d  Canponent Meter data 
reduction for  Atmospheric physics Operation have been started. Although some 
unique d i f f icu l t ies  may be associated with an analog computer solution t o  this 
problem, it appears tha t  satisfactory resu l t s  can be quickly obtained using 
analog methods. 

- -  

WASBIIJGTON DmIGmATED PROGRAM 

Isotopic Analysis 

The mass spectraneter f o r  this program provided isotopic analyses for program 
samples and calibration standards according t o  goal schedules. 

The effect of the carbonizing process applied t o  the t r i p l e  filament ion 
source of this spectrmeter was studied. 
cated a possible s m a l l  improvement of about a factor of three i n  sample sensi- 
t i v i t y  and sample l i f e  under cer ta in  conditions of carbonization. 
anticipated that the performance of the t r i p l e  filament ion source would be sig- 
nificantly improved by the carbonization process. 

The resu l t s  of these studies indi- 

It was not 

Operation of the PCTB continued routinely during the month with one unscheduled 
shutdown due t o  an operating error.  
straighten the graphite on the moving face. 
t o  hold the graphite in place on the  moving face. 

The experiment t o  determine the resonance escape probability with 2&inch 
diameter sol id  uranium fuel  i n  a l*inch l a t t i c e  w a s  ccmpleted during the 
month. 

There w a s  a scheduled two-day outage t o  
Six adjustable braces were added 

The experiment t o  determine the change in react ivi ty  of the PCTR associated with 
the meltdown of the driver fuel w a s  cmpleted during the month. 

Tests t o  determine the worth of the react ivi ty  control systems of the PCTR as 
a function of the fuel  loading pattern were nearly canpleted during the month. 
The data obtained are  tabulated in Table I. 
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HW- 706 58 

Core Size - Inches 26 1/4 33 3/4 41 1/4 48 3/4 

Control ROCI 85 - f 48.9 55 92 57.5 51.2 
Control ~ o d # 7  - f 44.1 51.6 55 -0 48.2 

Disk B - $ 
Disk C - $ 

Total. - $ 
Both - $ 

Leveling Slugs 3 in. - 2 in. 

Outer - j 
Middle - ,?! 

Inner - f 

2.44 2.68 2.88 2.84 
2.86 3.10 3 -15 3.18 
5-30 5.78 6.03 6 .o2 
5.42 5.52 5.78 5.74 

u . 4  9 -8 

22.2 26 .o 
22 -3 29.4 

3 07 
27.2 
43.9 

The TllR w a s  ut i l ized  t o  calibrate a set of f o i l s  for  a resomace escape probabil- 
i t y  experiment and a set of U2qS pins t o  determine t h e i r  self-shielding pro- 
per t ies .  

~ 

The TIlR experienced one unscheduled s h u t d k  during the month due t o  error in 
bypassing fo r  range changing. 

CUSTOMER WORK 

Weather Forecasting and Meteorological Service 

Type of Forecast 

8 - H m  Production 
24-Haur General 
Special 

Mumber Made 

93 
62 
167 

5 Reliabi l i ty  

86.5 
88.7 
91.6 

Although the past month was hot, the temperature average of 79.4 was consider- 
ably below the record-breaking 81.8 m e a n  of ~ u l y  1960. 

The precipitation t o t a l  of 0.15 inch equaled normal for  m y .  
t h i s  occurred during a thunderstorm on the evening of the 23rd. 
days were clear a.nd only one w a s  cloudy. 

However, all of 
Twenty-six 

Instrumentation and Systems Studies 

The newly-designed automatic unloading mechanism and hangar were sat isfactor i ly  
tes ted for use with the experimental Laundry Monitor. 
on one electronic c i rcui t ry  channel of some nine t o t a l  ( f i n a l )  channels t o  be 
used i n  the Laundry Monitor system. 
with and perfected before fabrication is star ted on the remaining sections. 

Fabrication continued 

The single channel w i l l  be experimented 
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Discussions were held with various HLO and CPD personnel concerning possible 
system designs of fixed f i l t e r  air  monitors for  the 327 Building and of coin- 

cident count alpha air monitors for  pura, respectively. The experimental 
prototype coincident count alpha a i r  monitor, now nearing ccmpletion, w i l l  be 
demonstrated at Pura as soon as the laboratory t e s t s  are sa t i s fac tor i ly  ccmpleted. 

The special sensit ive sc in t i l l a t i on  Beta-Gamma Field Monitor (battery or l i n e  
operated) w a s  received fran fabrication in the 328 Building Rectronfcs Shop. 
Extensive debugging and test procedures are  now being done. 
changes have been incorporated t o  optimize performance. The versat i le  instru- 
ment, which w i l l  be used by Biology Operation personuel local ly  and for  Project 
Chariot in Alaska, is all transistorized and includes amplifiers, pulse height 
analyzer, decade scalers, ca t - r a t e -me te r ,  assorted power supplies, and various 
types of s c in t i l l a t i on  detectors both shielded and unshielded. The unit can 5e 
operated fran integral rechargeable bat ter ies  or fran U O  VAC l ines  as desired. 
When line-operated, the ba t te r ies  are au tmat ica l ly  recharged during instrument 
use 

Several design 

Fabrication continues in the 328 ELectronics Shop on t w o  prototype transistorized 
miniature GM survey meters with both count-rate-meter and resonant a i r  column 
"speaker" readout fo r  the  Radiation Protection Operation, and on two miniature 
"palm-size" gross alpha monitors, also transistorized and using a resonant air 
column indication, with sol id  state s i l icon  surface barr ier  diode detectors 
These Units are fo r  Finished Products Chemical Technology, CPD. 

The canbined Alpha-Beta-Gamma Cell Bcbaust Monitor fo r  Chemical Reseazch Opera- 
tion, 325-A Building, operated sa t i s fac tor i ly  f o r  six weeks and w a s  delivered t o  
the 325-A Building fo r  instal la t ion.  

Operation continued t o  be satisfactory, now fo r  two months, on the experimental 
moving-tape type transistorized sc in t i l l a t ion  beta-gama air monitor for  use in 
the 327 Building. Several more units w i l l  be fabricated, and a canplete instruc- 
t ion  and maintenance m a n u  was prepared. 

The breadboard m d e l  of the Panellit-Heise gage readout device has been cmpleted 
and successfully demonstrated t o  IPD and Data Processing personnel. 
problem seemsto be the slow printing speed of the adding-machine-tape punching 
device. 
cycle. 
w i l l  be delayed u n t i l  the  middle of August because of the lack of instrument 
craftsmen. 

The only 

An effort has been made t o  increase the speed by altering the scanning 
Fabrication of the prototype instrument is  proceeding, but ccmpletion 

A calciner temperature control system with a programmed setpoint w a s  recently 
instal led by Process Control DevelopLent Operation, HID. A s t a b i l i t y  analysis 
of this system w a s  made by Systems Research Operation pr ior  t o  its final design. 
Tests made on the actual system during the month shawed that satisfactory opera- 
t ion  of the system w a s  obtained using the controller settings determined by the  
canputer study. 

Calibration of micro-displacement systems, t o  be used by physical Metallurgy 
Weration for  in-reactor creep measurements, has continued during J d y .  An 
evaluation report fo r  the Schaevitz DRS-100 is i n  preparation and w i l l  be sub- 
mitted t o  physical Metallurgy as soon as the resul ts  of the data analysis are 
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cmpleted by Operations Synthesis and Resesrch. Calibration of the Physical 
Science three-range transducer w a s  canpleted t h i s  month. 
inspection indicates the transducer experiences an appreciable zero shift on 
each of the three ranges as the operating temperature is  increased fran 20 C 
t o  400 C; also, a def ini te  range expansion occurred as a resu l t  o f t h e  in- 
creased operating temperatures. 
fo r  the "low" range than they were fo r  the llmedium" and "high" ranges. 
repeat of the roan temperature calibrations, performed m e r  a week of elevated 
temperature operation, showed the transducer' s operating characterist ics are 
significantly affected a f t e r  400 C operation. The reference system has been 
moved t o  the 306 Building and converted i n t o  the low range, high precision system 
in preparation for  calibrating the 0.O3O-inch range, Physical Science transducers 
for  the third generation creep capsule. 
the May, 1961, reference system calibration data has been caupleted, and it is 
now possible t o  make quantitative statements concerning the precision of the 
reference system. 
follow: 

Preliminsry data 

These effects  were considerably more pronounced 
A 

A mathematical analysis performed on 

The available ranges and t h e i r  associated standard deviations 

Range 

0.3 inch 
0.04 inch 
0.004 inch 

Standard Deviation 
Inches Percent 

f 73. x 10-6 
i 40 x 10-6 f 0.10 
i 6.4 x i 0.16 

f 0.023 

The PCTR kinetics were programmed and operated for  a ramp react ivi ty  increase. 
The variable parameters ipcluded L*, pt, pi, a& Ai. 
at the request of the Reactor Lattice Physics group and w a s  cmpleted satis- 
factor i ly .  

This work was performed 

Analog canputer equipment w a s  evaluated for  continuous on-line use as a special 
purpose ccnrputer for  the R e d a x  dissolver stream. This work consisted of program- 
ming two algebraic equations relat ing the process stream temperature +& specific 
gravity t o  the weight percent of uranium and n i t r i c  acid in the process stream. 
A study w a s  made involving the use of the Beckman/Berkeley "EASE" equipnerrt, 
Donner equipment, and the "PACE" TR-10 eqyipnent. The evaluation w a s  concerned 
principally w i t h  the long-term d r i f t  characterist ics of the equipment. The re- 
s d t s  showed m i t y  of the equipment followed the order: 

1. Becm/Berkeley EASE 
2 .  Electronic Associates PACE TR-10 
3.  Donner 

Based on the resu l t s  of these t e s t s  and on the comparative costs of the equlpent,  
a recamendation w a s  made t o  the Fac i l i t i es  m i n e e r i n g  Operation of CPD tha t  
the PACE TR-10 was a probable best choice of equipment. 

Physical Testing 

Testing work continued a t  a high level  t h i s  month, though there was sane taper- 
ing off of the NPR pressure tube tes t ing.  
on 3,635 items. 
76,469 feet;  the greater par t  continues t o  be reactor pressure tubing and f'uel 

A t o t a l  of 11,202 t e s t s  were made 
The feet  of material represented by these items amounted t o  
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elenent sheath tubing. Test work inclirde3: Rutcclaving; borescophg; dLxen.- 
s i o n d  mesrsurezients ( a i c rme t r i c ) ;  eddy cui-ent; penetrant (fluorescent O.D. 
and I .D. ) ;  radiography (gamma-ray and X-ray); s t ress  analysis; surface t rea t -  
ment (alkaline cleaning, pickling for  autoclaving an6 conditioning); and ultra- 
sonic (flaw detection and thickness measurements). 
organizational components representing most of the operating departments and 
service organizations at HAPO. 
general tes t ing theory and applications. 

Work was done f o r  23 

Advice was given on 43 different occasions on 

With the mpR pressure tubing tes t ing  nearing canpletion, the Quantity of new 
tubing tes ted has tapered off .  The avai labi l i ty  of new tubes which cauld be 
tes ted has been reduced due t o  conditioning work both here and at the vendor's 
si te.  
t o  determine i f  borderline tubes can be salvaged for  reactor use. In  the con- 
ditioning work, it has been found thatlocalized conditioning on autoclave sur- 
faces can be successfully accmplished i f  the area t o  be reworked is smaU @ 
if  a sharp edge can be maintained between the autoclaved and conditioned sur- 
faces. These conditions are m e t  at  present by masking of the area t o  be con- 
ditioned and removing the objectionable autoclave f i b  by blasting w i t h  alumi- 
num oxide. Pickling and autoclaving of the resultant patch has proved highly 
successf'ul as long as a sharp edge is maintained. 
obtaining acceptable -tubes is the elimination in handling marks. 
precautions must be used t o  avoid scratches, bumps, and marred surfaces arising 
from handling f a c i l i t i e s .  
work on the NPR pressure tubes is the lack of a f a c i l i t y  fo r  internal condition- 
ing of the tube. A vacuum blasting machine has been built and w i l l  be instal led 
during the month of August t o  allow conditioning of the I.D. surfaces. 

Before additional new tubes are made t o  complete the order it is  desirable 

A continuing prcblem i n  
naborate  

A major holdup in the cmpletion of conditioning 

Two work stoppages occurred i n  the past month. 
the other, electricians.  

One involved p ipef i t te rs  and 
Two days each were l o s t  because of the work stoppages. 

TeHing work on the PRTR spare pressure tubes w a s  started and radiography and 
ultrasonic testing were cmpleted. The ultrasonic tes t ing  consisted of separate 
scans for  transverse and longitudinal discontinuities with both scans being made 
in two directions. 
axraraenents can be made fo r  a l i gh t  preliminary pickle t o  prepare the tubes. 
It is not anticipated that any d i f f i cu l t i e s  w i l l  be experienced i n  the pickling 
of these tubes since modification of existing f a c i l i t i e s  can be readily acccxnp- 
lished. 
u le  with Kaiser Engineers t o  avoid conflicts with NPR pressure tube processing. 

Penetrant testing of the tubes w i l l  proceed as soon as 

Some di f f icu l ty  has been experienced in working out an acceptable sched- 

Field testing ac t iv i t i e s  centered around X-ray and s t r e s s  application work for  
this month. 
Miscellaneous work has been done for  the 100-I'? area. 
the separations meas has been started again because of construction of a 
dissolver for the p u r a  f ac i l i t y .  

Stress application work w a s  done at two s i t e s .  
section enclosures were tes ted.  
ins ta l la t ion  was s tar ted,  

Radiography of the loops in the 1706 KER f a c i l i t y  has continued. 
Process vessel work for  

A t  1706-KZR the  -0-15 t e s t  
The lO5-m rear  face s t r a i n  gage reactor 

Testing has been s tar ted on a new order of Zircaloy-4 fuel  element sheath tubing. 
The supplier is the same as tha t  of the old order. Initial resul ts  show the 
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outside surface is free of indications, apparently achieved by mechanical con- 
ditioning of the outside surface. 
that of the older order. 
scanning of sheath tubing using a l i n e  type focus crystal .  In preparation for  
the  large l o t  of Zircaloy sheath tubing which w i l l  arrive coarmencing in August, 
the  308 Building tester is being reactivated. 
w a s  designed fo r  the ultrasonic tank. Estimated fabrication cost is about one- 
f i f t h  of the cost of the original design. 
month rental  of an additional Immerscope t o  be used on the 308 t es te r .  
ultrasonic e m p e n t  is inadequate. Eddy current tes t ing  of the sheath tubing 
using the  Radiac uni t  has been delayed by electronic d i f f i cu l t i e s  in the  end 
suppression portion of the c i rcu i t .  The ultrasonic c l eanbq tank  with scanning 
bridge is ready for  operation. Ultrasonic cleaning w i l l  be used preparatory t o  
penetrant tes t ing  t o  assure more uniform results as a result of maxirmrm cleanli- 
ness. Sane additional work has been done on the photocell for  I.D. fluorescent 
penetrant indications. 
constant backgrowl is required for successfhl operation of such a readout. 

The inside surface condition is similax t o  
Studies are continuing on the transverse ultrasonic 

A simplified r o l l e r  mechanism 

An emergency order w a s  placed fo r  six- 
Existing 

Maintaining uniform processing in order t o  establish a 

The first three canpleted nested tubular fue l  elements fran Ceramic Fuels Develop- 
ment were received for  radiography of the weld closures t o  determine the integrity.  

A 151 Multi-tron cask arrived on s i t e  with an encapsulated 150-Cl;arie cobalt-60 . 

SauTCe. The avai labi l i ty  of t h i s  equipnent w i l l  naw permit high energy gamma 
radiographjr of heavy sections. utoradioqraphy w a s  completed on 63 one-half- 
inch-diameter-by-four-inch Zircaloy-clad extruded uranium elements. Prior t o  
cladding the sheath material had numerous grooves of varying lengths, depths, 
and widths machined on both the inside and outside surfaces. These elements 
w i l l  be subjected t o  p i l e  tes t ing t o  evaluate fa i lure  of the cladding. 
radiographs w i l l  provide a record fo r  the evaluation of resul ts .  

The auto- 
* 

Two Zircaloy r ib  tubes w i t h  a t o t a l  of I 2  ribs were tes ted for  unbonds. 
f icant unbond areas were found. 

No signi- 

Considerable experimentatiol; w a s  necessary t o  permit aetection G f  prepared 
defects i n  reactor Parker f i t t i n g s  by ultrasonic contact methods. 
system is now available. 
cryst& was prepared, 
sound para l le l  t o  the f i t t i n g  axis. 
reflections from prepared notches in 30th the shread re l ie f  and thread root. 
Good restrlts were obtained using ei ther  a~ Jmmersccpe or a wide band ecnverter 
as a driving source. 
the  first few t;zresd roots in the f i t t i n g .  
be unlikely. The test is insensitive t o  cracks in these roots because of a large 
reflection signal frm the tapered portion of the fitting. 
reflections fran defects in the f i r s t  few thread roots since they occur a t  nearly 
the same t h e .  
feet .  
face contamination w i l l  be minimized. 
signals cmld  be gated into an a ~ d i 3 l e  or visual alarm c i rcu i t  gave doubtful 
resul ts .  
signals from thread root defects i s  d i f f i cu l t  d ~ e  t o  the presence of the large 
taper ref lect icn mentioned above. Ec@ these signals are difficCLt t o  elec- 
tronically gate, t he i r  presence can be verified by observi-w the scope presenta- 
t ion.  

Aworkable 
A l uc i t e  wedge c a p i e d  t o  a 10-megacycle %anson Z" 

The wedge angle w a s  adjusted t o  send longikdina l  ultra- 
The crystal  w a s  adjnsted t o  give goo6 

The t e s t  sho-&d be sensit ive t o  cracks in  all areas except 
Cracks in these roots are t h o i t  t o  

This signal obscures 

The crystal  can be driven through cable lengths of at l ea s t  60 
This may allow remote placement of the Immerscope so that possible rear 

EXperiments t o  determine if detected 

Signals frm t h e &  re l i e f  defects c m  be gated brzt alarm gating of 

Therefme? twc operators may be necessary i f  the Immerscope i s  @aced 
remotely. 
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Optics - 
A second corner-radius-measdring microscope ,as beer. designed and is  being fabri-  
cated. 
b u i l t  last January, The improvements include (1) separate optical  systems for 
illumination and viewing, (2 )  provision for  use of a modified grain s ize  meas- 
uring eyepiece t o  permit d i rec t  measurement of the corner radius, and ( 3 )  a 
manipulator t o  position the object i n  the field of view. 

A microscope has been designed f c r  CPD Finished Products Technology Unit t o  per- 
m i t  viewing of groove contcus  aad t o  provide for  measurement of the depth of 
grGoves. 
with an accuracy of 0.0001 inch with t h i s  device. This device and the corner 
radius measuring microscope use the same principle of optical  cross-sectioning as 
used in previous scratch depth microscopes bu i l t  by the Optical Shop. The groove 
depth microsccpe is being fabricated in Tech Shop. 

A t o t a l  of 440 manhours of shop work was performed &ring the four-week period 
( July 2 t o  July 30) included i n  t h i s  report 

This uit incorporates improvements suggested by use of the f irst  unit, 

Groove depths on the order of 0.010 inch are expected t o  be measured 

The work included: 

1. 
2. 
3-  

4. 

5. 

6 .  
7 .  

8. 
9. 
10. 

ll. 
12. 

Repair of an underwater periscope at 105-F Building. 
Repair of three Opton steremicroscopes for  327 Building. 
Preparation of thermoluminescent phosphcr material for  pucleonic 
Instrument at ion Operat ion. 
Fabrication of a traversing mechanism for  Process and Reactor 
Develolpnent Operat ion, IPD . 
Grinding and polishing of 20 microscope s l ides  for  the Exposure 
Records U n i t ,  HLO. 
Repair of a borescope for  Testing Operation, IPD. 
Fabrication of canponents for  a w a l l  thickness probe for  Physical. 
Measurements , HLO e 

Repair of three shutters for  Photography Operatim. 
Repair of two crane periscope heads fo r  Pura and one for  Redox. 
Reconditioning of two relay lenses of the main crane periscope 
at  pura.  
Resurfacing the six pump seals for  PRTR. 
Fabrication of a se t  of ten  glass bearings for  Stores. 

ANALOG COMPUTER FACILITY OPERATION 

Studies 

The major analog cmputer problems considered during July include: 

1. 
2. PRTR Gas Balance System. 
3.  FCTR IUnetics. 
4.  

PRTR Crit ical  Faci l i ty  Poison Injection Scram Systen. 

Analcg C a w t e r  Equipment D r i f t  Tests - On-Line CompGter for  
Redox Dissolver. 

1 2 3 1 0 1 0  



B- 39 

Equipaent Operat ion 

ConpLter operations were as follows: 

0 
120 
40 
0 - 

160 

Maintenance 

140 Hours up. 
20 H o u r s  scheduled down time. 
0 Hours unscheduled down ttm. 
0 Idle t h e .  

160 Total Hours. 

The oven conversion of the GEllA has been cmpleted and a 
t o  determine how well the affected uni ts  work. With the 
it is now possible t o  determine t o  a greater extent than 
i n  the amplifiers and integrators are. 

A l a r ~ e  number of contacts were replaced on the patchbay 

.- I .-  . 

number of checks made 
new oven arrangement, ' 

before where troubles 

which could not be 
replaced before, and res i s tor  cards were found that needed adjustment. 

A great deal of trouble, experienced with the first t en  integrators on the GEDA, 
may now be eliminated by removal of ten  microfarad capacitors and wiring installed 
for special problems. 

The EASE l o s t  the use of 12 multipliers when the parer supply transformer burned 
out. 
transformers on warranty and stated they had received a bad l o t .  

The replacement uni t  was also defective. The ccarpany w i l l  replace the 

INSTRUMENT EVALUATION 

The rechargeable N i - C d  portable instrument bat ter ies  continue t o  perform cor- 
rec t ly  a f t e r  26 charge-recharge cycles. 

A l l  evaluation tests were sa t i s fac tor i ly  ccmpleted on the two experimental proto- 
type sc in t i l l a t ion  transistorized Logarithmic and Linear Building Radiation Moni- 
t o r s  . 
Thirty of f i f t y  ordered, by RPO, high range CP-'IT portable instruments were 
tested and are ready for  service. 
r/hr . 
were noted above W O  r/hr. 

Ten of the t h i r t y  ordered, by Rpo, Model 11 Scintran transistorized line-operated 
monitors fabricated t o  HLO-developed c i r c u i t  specifications by GE-APED were re- 
ceived. Testing procedure instructions were prepared and given t o  Calibrations 
Operation ( RPO) personnel. 

These units have a highest range of 0-5000 
Slight chamber saturation d i f f icu l t ies ,  result ing in nonlinear operation, 

hraluation t e s t s ,  concerning 110 VAc l i ne  voltage and temperature variations, 
were s tar ted on an RCL Model 20703 high voltage supply and on an RCL Model 20506 
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si-e channel pulse keigkt analyzer. 
ie ted sat isfactor i ly ,  with r e s u t s  within t h e  limits specified by the manufac- 
t - a e r .  Tests are continGing on tfie pulse height arialyzer. Both units are  
traosistorized. 

Tbe hi@ voltage susply t e s t s  were c o m p  

Manager 
PBYSICS AND INSTRUMENT RESEARCH 

HANFORD LABORATORIES OPERATION 
AND DEVELOPMENT 

PF Gast:rncs 
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CHEElICAL RESEARCH Ah9 DEVELOPMENT OPERATION 

RESEARCH AND EXGINEERING 

FISSIONAD MATERIALS - 02 PROGRAM 

IRRADIATION PROCESSES 

New Production Reactor Effluects 

The ineffective scavenging of radiocobalt from mixed NPR decontamination waste 
solution by precipitated manganese dioxide w a s  s h m  to  be caused by the 10 ppm 
EDTA introduced w i t h  the commercial peroxide-carbonate cleaning solution. Similarly, 
the f a i lu re  of soil t o  remove cobalt appreciably from this waste i s  also ascribed t o  
+,he formation of the EDTA complex. The aOdition of 10 ppm stable cobalt t o  the was$e 
mixture increased CO-60 scavenging t o  95 percent, compared t o  67 percent removal with 
no aMed cobalt. 
scavenging to  about 98 percent. 

The addition of 100 ppm stable cobalt increased CO-60 removal by 

Reduction cf R e a c t o r  Effluent Contamination 

Developmeat continued on an As-76 monitor f o r  reactor effluent.  
reducticrn of interfering C l - 3 8  is t o  be accomplished by delay long enough t o  pennit 
the ~1-38 \to decay t o  insignificance. Because of the rather slow response of As-76 
concentration t o  inlet  w a t e r  treatment a delay of several hours is not Impractical. 
Possible methods f o r  more rapid removal of C l - 3 8  are nevertheless s t i l l  being con- 
sidered. 

For the present, 

For greater sensit ivity,  a d i g i t a l  counter for  the 0.55 Mev photopeak counts i n  the 
As-76 channel w i l l  be used. 
be subtracted d ig i ta l ly  from the As-76 channel count. 
Mn-56 channel impulses can be selected such that the appropriate number of counts 
originating fro= Mn-56 but appearing i n  the As-76 channel may be accurately sub- 
tracted. Counting interval selections is then equivalent t o  a r a t i o  subtraction 
accomplished in analog (dual counting r a t e  meter) instruments f o r  similar applica- 
t ion .  ~ n - 5 6  photopeak t o  Compton r a t io s  f o r  two crystsl configurations and several 
amplifier gains and source thicknesses were determined using locally prepared Mn-56 
standards. 
operated. 

The hh-56 Compton correction aad f i e l d  radiation w i l l  
The counting interval f o r  the 

The monitor was tested fo r  proper operation and should soon be f i e l d  

A laboratory study was completed i n  which various natural minerals were evaluated 
with respect t o  t h e i r  a b i l i t y  t o  adsorb radioisotopes, particularly P-32, from reactor 
effluent.  Of 26 minerals examined, Florida pebble phosphate, Idaho rock phosphate, 
sodalite, epidote, goethite, f luori te , ’  diaspore, bauxite and gibbsite were the best 
P-32 adsorbers, removing 40 t o  70 percent from simulated reactor effluent. 
ments with these minerals, the decontamination factors remained relat ively steady 
for  operating intervals of up to  two weeks and for  throughputs i n  excess of 3000 
bed volumes. Aluminum oxide minerals compared favorably w i t h  aluminum turnings for  
P-32 adsorption in laboratory experiments. Beds of aluminum turnings, diaspore, 
bsuxite, and gibbsite, removed 65, 64, 51 and 47 percent of the P-32 from solution, 
respec t iveiy 

In experi- 
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Uranium Oxidation and Fission Product Volatilization Studies 

Metallographic examination of NPR prototype elements which were heated to  temperatures 
of 1200 and 1300 C for  one-hour periods i n  a i r  showed that a t  1200 C the Zircaloy 
cladding, though considerably reduced i n  thickness, remained intact .  
elements heated to 1300 C w a s  completely destroyed by a combination of oxidation and 
diffusion. Since free flow of uranium was not observed, the molten inter ior  must have 
been contained by a high melting oxide and U - Z r  shel l .  
brazed end caps showed almost complete interdiffueioa of uraalum aad zirconium a t  
1300 C, with exposure of the uranium to  the atmosphere. 

The cladding of 

Photo-micrographs of the 

This information is  useful for  making a rough estimate of f iss ion product release 
from NPR elements during a loss-of-coolant accident. It suggests that no significant 
release of f iss ion products would occur during the first hour if the fue l  temperature 
does not exceed 1200 C .  If, however, the temperature reaches 1300 C,  rare gases 
might be released as a burst  a t  some time l e s s  than one hour when the protection of 
the Zircaloy cladding was l o s t .  
but  would probably be within 15 t o  30 minutes. 
would probably be greatly curtailed by the oxide and U-Zr diffusion layer.  

The exact t i m e  at  which th i s  would occur i s  uncertain, 
Release of other f iss ion products 

Reactor Effluent Radioisotope Studies 

The effectiveness of the high alum water treatment process a t  F Area i n  removing 
radioisotopes from upstream reactors was-determined. 
with Np-239, Ne-24, and Cr-51, but Cu-64 was reduced by 10 percent and As-76 by 40 
percent. 
(which past tests seem to indicate is  the case), then l e s s  than one-half of the As-76 
parent material is  removed. However, the As-76 production by F reactor as of July 17 
was lower than that obtained by normal water t r ea tmnt  by a factor  of seven. This 
again suggests t ha t  changes i n  the water quality other than parent Isotope removal 
play an important part in  the radioisotope production and release mechanism. 

Very l i t t l e  e f fec t  was noticed 

If these materials are good tracers fo r  the inactive parent materials 

SEPARATIONS PROCESSES 

Disposal to Ground 

Concentrations of gross beta emitters in  grcund water samples obtained near the bottom 
of three of seven wells sampled werelhigher than those detected i n  routine ground- 
water surface samples. A maximum of 1.5 x 10-5 ucS/ml. w a s  detected in  a well 1.5 
miles north of 200 East Area, which places the extent of the ground-water contamlnatioa 
a t  l ea s t  one mile fa r ther  north than indicated by previous w e l l  sample analytical  
resul ts .  
than the routine analytical  detectable concentrations ((8 x ucB/ml). The 
sampled wells a re  located north and northwest of 200 East Area which indicates the 
abandoned 216-BY scavengedwaste c r ibs l te  as the possible source of the waste. 
findings show that some routine depth sampling is necessary fo r  better definit ion of 
the extent of ground-water contamination. 

Routine monitoring samples fromthese three wells con i s ten t ly  contain less  

These 

Recent samples from w e l l  699-26-15, located six miles east-southeast of 200 East Area, 
contained concen rations of radioisotopes s l igh t ly  greater than the routine detection 
l imi t  of 8 x lo-& ucB/ml. The positive evidence of radiocontaminants in  th i s  well 
is in  agreement with positive resul ts  norted several months ago from the 699-20-20 
w e l l  which is  also located s i x  miles from 200 East Area but in the southeast direction. 
Sources of the waste in  th i s  locale are several of the Purex plant waste cr ibs .  
long-lived radioisotopes have been detected in these and intervening wells between 
the Purex plant. 

No 
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Well 699-49-55 encountered basalt more than 20 feet higher than predicted, and less 
than ten feet  below the water table .  
the conclusion previously reached that the basalt surface beneath the northernmost 
th i rd  of 200 East A r e a  w a s  eroded rather than being simply folded. 
significant because radioactive contaminants were recently detected i n  the ground 
waters j u s t  above the basalt in wells i n  t h i s  general area. 
taminants w i l l  be affected by the configuration of that relat ively impmeable 
basalt surf ace. 

This unpredicted i r regular i ty  further confirms 

The situation is  

Movement of these con- 

WASm !EW!BENT 

Batch Calcination 

The batch calcination of simulated W e x  high-level wastes was studied i n  bench-scale 
experiments to  ascertain the amount of solution foaming during the boildown step 
and internal pressurization during the calcination step. 

The waste composition that had repeatedly generated internal pressures during the 
calcination step i n  3-inch diameter pots was studied i n  a 6-inch diameter annular 
pot. No internal pressurization was evident w i t h  the larger  diameter pot. 

The role of the acetate ion i n  solution foaming was the subject of another run. 
acetate was added t o  a waste solution which had not foamed badly in  a previous run. 
The presence of 0.1 - M sodium acetate had no effect  on foaming. 

Submerged Combqstion Condensate Treatment 

Adsorption studies were made t o  evaluate a bed of Decalso f o r  removing radiocesium 
from the condensate ar is ing from the evaporation of coating waste by submerged com- 
bustion. Synthetic evaporator condensate, based on a decontamination factor of 
about 4 x 105, w a s  used in  the research. 
ucCs-l37,/ml and 1-10 ppm sodium. 
bution coefficient of the seven exchangers tested under these conditions. The 
Decalso Kd f o r  cesium was greater than 105. 
capacity of a bed of Decalso estimated from these results were uti l ized, it should 
be possible t o  decontaminate more than lo5  bed volumes of condensate to  below 0.1 
Mpcw fo r  Cs-137. 

Sodium 

-_ 

The solutions used contained 2 x 
Decalso had the highest Cs-137 equilibrium d i s t r i -  

If half of the cesium adsorption 

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY 

Strontium-90 Program 

Hot Semiworks Operation - About 120 kilocuries of specification product recovered 
last month was loaded into the HAPO-IIA f i l t e r  cask for  shipment as a dry strontium 
carbonate. 
4 M in sodium ni t ra te ,  0.13 M in strontium and l e s s  than 0.015 M i n  calcium plus 
barium. 
digestion period a t  about 80 C .  
approximtely 75 percent of the i n i t i a l  batch retained on the f i l t e r ,  l e s s  than 5 
percent apparently passing through the f i l t e r  and greater than 20 percent remaining 
i n  the feed tank. 

The strontium carbonate was precipitated from a- solution approximately 

Potassium bicarbonaxe was added t o  form the carbonhte <sing a two-hour 
The slurry w a s  then passed through the cask, with 

Residual moisture from the slurry w a s  baked out a t  about 460 F fo r  about 5 hours. 
Because of subsequent moisture leaks during pressure testing, a f i n a l  "bake-out" a t  
120 C f o r  5 hours was carried out before sealing the cask fo r  shipment. Pressure 
buildup after sealing the cask was not detectable over a 24-hour period. 
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During th,o cask l o a a z g  pericd miaor repairs k-ere c c z k c k d  50 zeady t2e F l a r t  f o r  
suSseqEent processing. 
tiitf: similar ehempumps ?ut w i t h  iEGd%f':eii tapered 'seerings a& kydroclon2s. Previous 
fai lures  were at-bributed 50 Fluggicg of tke kydroelons rezlryLat ion coolan5 l i ne  
and the loss of 'cearicg adzustzect from vYcra2icca; ioosening of the 3earing holding 
screws 

Eese irzeludcd the raplacsm?1=i; of t,tz 3 ~ o  remte fesC pmps 

Solvent Clean-Us Studies - FcrVAer s5idies to  define effecsive wash procedures f o r  
the removal of  residual radioactlve cozstituents Zron 30% Semivorks solvent were 
made. Gross gannna distribution ccsfficierrts (E:) of &bout, 10-3 were obtained i n  
equal v o L m  cor'acts of EfsW soivent w i t h  aqueous solutiocs coataining (2.5 M EDTA 
or  DTPA at pH 12. 
DTBi  appeared $0 3s slightly more effeszivs thsz EDTA. 
i n  concentration from one t o  f ive mlar vere tested. 
0.04 t o  0.004 wi+A increasizg acidity.  
decreased with increasing n i t r i z  acid corcetit.raziaae 

Sest results were obtailzed with botk m s b s  f~ the pB rGge  9-12; 
Nitric acid washes Fanging 

Gross gamma Ea's ranged from 
Ceriuin removd iocreased and Zz-1Bc remval  

o 

Decalso Shipment - The last HAp0-U sh:pc t  was act? ' ' L z ~ ' '  after laboratory study 
had shown that the absorbs6 strontiun co~CL8 st',il be slated after heazizg to  the 
maximum temperature expected under these conditions (abcut 30 C], 
t o  know the maxirm;m; s h i p p a  tenperatwe which would still p s m t  elutiorz, since this  
tempratwe would define the caFacity of the ZAP0-U cask and also $ne design of a 
new strontium or  cesium zask. Past Banforc? ana Oak Ridge axperi=nts show that 100 C 
is acceptable 5ut that strontium c a m o t  ' ~ e  du.;eC after heating to  LOO C. The& 
balance and dlfferentiaL t h e m  acaLysis zeasuremects wers za&t cn Decaiso and oc 
strontium-loaded Decalso in aa effort  tc bet ter  d = f h e  c h  3xL%iog tenrgerature. 
Both techniques showed a gradual loss of wa-her of crystali ization s tar t ing a t  about 
100 C and reaching complet;ioo a t  about 400 C, ratker f h 8 ~  a=;! abrupt transit ion.  
More loading-heating-elution experi-nts w l l l  accorciirgly be necessary to  define the 
allowable temperature liaite 

It is of interest  

Other Fission Pro&uct Developxmct Stu&ies 

Solvent Extraction Separa%ioa si t2eri.a - St;l3ias are unde-ray zoward devdoping a 
flowsheet applicable t o  Hot Seeworks aqGipmst f o r  recovering a ran? eart;h f rac t ior  
free of cerium and strcatiun from Purer 2 l a ~ t  c n Z e  cuk sc1uticn. 
fraction would be espec'aily suita'La Tor ion exetarrga s';udfes cc Yie separaxion cf 
promethim from other rare earths. 

A flowshee? w&er consi&raticn in-rolves ex:rac%oc of Ce, ki (as rapresentatilre of 
non-Ce rare earths), C a  and % into D2EEPA; relncving Sr frorn tks organic phase by 
part i t ion;  stripping C e ,  R ant  Ca from the orgacic ;si% 1-2 I - E!TOj; oxidizing 
cerium t o  Ce(3N) and extracting C~(IV) into an organic Fhase. me aqueous phase 
could then be used without furzzer freatzest for  ion e x c a g e  skzifes or sabJected 
to another extraction-stripping cycle t o  recover PE in a mre suitable eolution. 
Batch contact studies Bade t o  date Indkate  that satisfactory separation of desired 
constituents from iron and lead present in crude cu? solu*ion can be obtained i n  
the i n i t i a l  extraction. I n  +,hese st-dies, iron was zomplexed t o  prevent precipitation 
o r  extraction by adding s o d i u  scetace azd ~~ t o  the c n d e  cuz S O ~ U Z ~ C H .  

%e rare earth 

Of several reagents +,ried f o r  5he oxib:ion of Ce(III j  t o  ~ e ( j n r )  i n  I M H N O ~ ~  potas- 
si= peroxydisulfate appeared t o  be the Sest  fo r  use in the above f ' l owhe t .  I n  the 
presence o f  aEl organic extractan%s Tried, some seduction of eerium(IV) occurreda 
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Distribution ratios obtained were influenced by the reduction and decreased with 
increased times of contact as well as ratios of organic to aqueous volume. Distri- 
bution ratios, E:, of about 100 were obtained with a contact time of 15 minutes and 
organic to aqueous volune ratio of 0.25. 
are being sought. 

Some studies were done on the relative extraction of cerium(IP1) and promethium by 
D2EHPA. 
sodium acetate - 0.13 M DTPA and 0.4 M D2EHPA - 0.2 M TBP - Shell.Spray Base, 
distribution ratios for promethium dezreased from 2.5 to 0.03 as pH was increased 
from 2.5 to 4.5. 
from ca. 20 to 2.5. 
out t z  pH range 2.5 to 4.5. 

Means for preventing reduction of cerium(IV) 

In batch contacts between simulated crude cut solution contairing 0.4 - M 

Under the same conditions, distribution ratios for cerium decreased 
The distribution ratios differed by a factor of about 10 through- 

Bulk Fission Product Packaginu - Continued studies of strontium oxide packaging equip- 
ment showed that a 6-irzch diameter vacuum disk filter lying flat on the bottom of 
the precipitator vessel is probably the best means of removing filtrate and wash 
liquor from the precipitated SrO2. 
interferes very little with the action of the agitator during slurring of the pre- 
cipitate prior to transfer to the product filter canister. Liquid migrates to the 
filter by capillary action, leaving a fairly dry  cake deposited on the bottom of 
the vessel. 

The advantage of the a s k  filter is that it 

Calcined SrO exposed to an atmosphere of C02 at 600 C quickly absorbed approximately 
1/3 the amount of C02 that would be anticipated by the reaction SrO + Cog __$ SrC03. 
lo additional C02 was absorbed during two hours of continued exposure, 
unlikely that there will be a pressure build-up in a SrO product container due to 
radiolytic decomposition of SrC03 (assuming the presence of a s m a l l  amount of SrCO3) 
because the liberated C02 could combine with the SrO present. 

Cask Closure Development - HW-703.6, "Semi-Remote Connector for Fission Product Casks," 
was issued. 
for use on future fission product shipping casks. 

Thus, it is 

!L'he report describes the three-jawed miniature Hanford connector proposed 

Promethium Recovery - A series of ruts are in progress in B-Cell to define a flow- 
sheet for Purex use in producing a promethium concentrate which will serve as feed 
for the A-Cell ion exchange columns. nese represent the first flill-level testing 
of the peroxyacetate process, which is designed to separate cerium from promethium 
(and the other trivalent rare earths). 
sulfate precipitation (without lead carrier), followed by carbonate metathesis, 
nitric acid dissolution, oxalate precipitation, nitric acid digestion and peroxy- 
acetate precipitation. 
cesium tuzd zirconium-oiobium was virtually complete after the carbonate metathesis. 

A typical flowsheet features one rare earth 

Fragmentary results show that decontamination from ruthenium, 

Solvent Extraction of Cesium - The extraction of cesium from Purex 10% tank super- 
nate, which contains about M cesium and 9 M sodium, is under investigation. Of 
solvents tested to date, only soxium tetraphenyy boron (TBP) has given appreciable 
extraction. With this extractant, the extraction coefficients, E:) were found to be 
extremely dependent on the diluent used. 
boron of 0.05 M, the distribution coefficients of cesiumwere Oe06, 3 and 39 for 
hexone, amyl azetate, and nitrobenzene, respectively. me extraction a l s o  increased 
with about the 1 . 5  power of the TBP coccentration. Other diluents yielding relatively 
high cesium extraction coefficients were n-butylphthalate (2.7), o-nitromisole (7.4)) 

Thus, a+, a concentration of tetrapheoyl 
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iso-butyl. bemca",e (8.7), ethyl n-butyrate ( 5 ) 
o r  no extractioE vas ojserved w i t h  acetopherone, n-butyronitrile, cyclohexanone, o r  
isophcrone as dilaents. 
with 0.1 M BNO3 whereas over 0.5 M w a s  required from nitrobenzeae. 
w a s  also poor w i t h  the nitrobenzese system. 
diluents i s  coctinuing. 

aad dlezkyl carbondte ( 0 L ) a Liztle 

Cesium was readiiy back extracted f r o m  amyl acetate sclution 
Phase separation 

Evaluation of other extractants and 

Ion Exchange Recovery of Cesium - Experiments are i n  progress on the absorption of 
cesium from 10% supernate w i t h  Decalso and w i t h  organic resins (such as Duolite 
C - 3 )  i n  support of (1) design of an improved cesium shipsing cask, wd ( 2 )  on-site 
cesium recovery. The capacity of Duolite C-3 was only s l ight ly  larger than tha t  of 
Decalso (factor of 1 .2) ;  however, its greater ease of elution is an advantage in 
any processing scheme. Its m j o r  disadvantage as coapared with Decalso is  the very 
large volume of ammonium n i t r a t e  or  sodium n i t r a t e  required f o r  elutioc. 
using Duolite C - 3  i n  an ic temdia te  ex$racticrz step followed by loading on Decalso 
may permit much larger  shipments per cask. 

A scheme 

Hazards i n  Shipping Cs-137 - New la5oratory data were obtained to  permit determin- 
a t ion of  the rate of eluticn of radlocesium from a syntbetie zeolite following an 
assumed shipping accident result ing i n  immersion of the material in a r iver .  The 
experimental design tha t  measures elution rate f o r  di,ufusion-cont,rolled processes 
was again used9 but elution was determine6 by analysis of effluent samples rather 
than direct gamma radiation neasurements on the bed. 
f o r  the differences between the rate of elution of CB-137 and its Ba-137 daughter. 
In these experiments a prompt cesium elution rate of L .7  percent/ho-jr decreasing to  
2.2 percent/hour after the f irst  hour was measured. 
lower than were obtained with ?he direct-reading technique. 

ANALYTICAL AND I N S ! C R m  CEEMISp(Y 

This p m t t e d  correction 

These results are s l ight ly  

Elimination of Ruthenium Interfering with Tetrapheaylboron Extraction of Cesium 

Broad application of the February-reported tetraphenylboron (TBP) extraction method 
f o r  radiochemical cesium recently confrootad a species of radiochemical ruthenium 
which, along w i t h  c e s i u ,  was extraczed by t e t ra$~nylboron  despi3e preliminary 
at+&mpts to  complex the ruthenium w i t h  EDTA. 1% w a s  f i na l ly  ma& effective, however, 
by preliminarily digesting samples a t  35 C wixb  excess 3odi.a~ hydroxide. 
addition, itself a modification of the earlier reported Icetkcd, had improved cesium 
decontamination several fold fo r  ruthenium aad zirconlux and over a 180-fold f o r  
ceriun. One hundredth molar EDTA ( t e t r a  acid form) is added t o  the sample solution 
neutralized with sodium hydroxide. 

The EDTA 

Materials of Construction 

Role of Chromium i n  Corrosion of Staiclese Steel  by Nitric Acid Systems - Further 
studies attempting t o  determine the role of chromium i n  the corroslolz of stainless 
steel by boiling n i f r i c  acid solutions were =de. These showed that  ths  presence 
of chromium(V1) produces a significant increase in corrosioz rate a t  concentrations 
as low as 0.001 M in  n i t r i c  acid as di lute  as two molar. 
t o  Cr( 111) appreciably during tes t  periods (24-48 hours ) i n  solutions of ictermediate 
to  high concentration (4-13 M) n i t r i c  acid. 
lower concentrations. 
w i t h  boil-up rate when closed (cold-fioger) coadensers were used. 

Chromiu;n(VI:!  w a s  reduced 

The ozidation of C~(II I )  to C r ( V 1 )  i n  n i t r i c  acid increased 
Similar results 

L i t t l e  or  no reduction was observed a t  

were obtained with open condensers when-the boiling solutions were a i r  Spar@. 
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Failed Heat Exchanger from 100 Percent U N i  Concentrator - Huey +,ests on duplicate 
saznples from one of the failed tubes in  t h i s  exchanger have been completed. Both 
corroded a t  ra tes  of about ll mils/mo. 
of the tube show about 0.037 percent carbon content. 
in the heat exchanger have been obtained. 
tes t ing are i n  progress on a number of these samples. 

Analyses on material taken from the outside 
Samples from a l l  of the tubes 

O-ic acid etch tes t ing and Huey corrosion 

Corrosion of Ti tanium ic E-H4 Solutions Containing Fluoride - Samples of A-55 
titanium have beec exposed t o  synthetic E-H4 solutions w i t h  a n i t r i c  acid concentra- 
t ion 5 M; hydrofluoric acid concentrations of 0.025, 0.05 and 0.1 and aluminum to 
fluoridg sole  ra t ios  of 0, 2, 4 and 6. A l l  ssmples corrode a t  rates less than one 
m i l / l m o ;  all w i t h  Al/F mole ra t ios  of four or greater corroded a t  less than 0.05 
mil/mo, and those a t  0.05 M HF or  less and Al/F mole r a t i o  of two corroded a t  less 
thazi 0,05 m i l / m o .  
of titanium by n i t r i c  acid-hydrofluoric acid systems were non-conclusive due t o  the 
reduction of chromium t o  Cr(II1) in  boiling solutions. 
0.025 M HF solutions w i t h  i n i t i a l  Cr(VI)/F mole ra t ios  from zero t o  4. 
inhibiTion occurs a t  Cr(VI)/F mole ra t ios  of 0.25 o r  greater. 
corrosion rate observed i n  these tests was 1 5  mils/mo. 
in synthetic E-H4 solution containing fluoride but no aluminum are apparently due 
t o  some factor  other than the presence of Cr(V1). 

Attempt: to define the role of Cr(V1) i n  inhibiting the corrosion 

Tests were made i n  5 - M BNO3,- 

The much lower ra tes  observed 

Some 
However, the lowest 

Corrosion of 304-L and Titanium i n  Acidic 1 W W  - Samples of 304-L stainless steel and 
titanium have been exposed to  a boiling synthetic acidic (0.9 M HN031 Purex 1 W W  f o r  
about 900 hours. Corrosion rates f o r  304-L i n  the vapor and lyquid phases were 0.2 
aad 6 mils/mo., respectively. Corresponding rates f o r  titanium vere less than 0.01 
mU/mo i n  the vapor and less than 0.05 m i l / m o  i n  the l iqu id .  
ated attack a t  the interface w a s  noted f o r  either m e t a l .  

No evidence of acceler- 

PROCESS CONTROL DEVELOPMENT 

Flow Ratio Development - Recuplex 

A r a t i o  control system fo r  the Recuplex CC Colcmn efficiency control was tested i n  
the following manner: 

The r a t i o  of hot water t o  cold water flow w a s  controlled w i t h  temperature feed- 
back t o  the r a t i o  set t ing mchanism. The system is crudely analogous to the 
system proposed fo r  the Recuplex CC Column. 
controlled i n  r a t i o  to  flow of cold water (CCP) determined by temperature (con- 
centration) feedback t o  the r a t i o  set t ing mechanism, such that the temperature 
(concentration) i s  held constant. 

The flow of hot water (CCX) is  

The control system described above held the output temperature of the water con- 
stant i n  sp i t e  of w i d e  fluctuation i n  the cold water flow and hot w a t e r  tempera- 
ture. 

This system is t o  be further tested on the 321 Building C Column f a c i l i t y  w i t h  
the added feature of column capacity control, determined from column density 
measurement. 

This test  should yield additional information regarding applicabili ty of t h i s  
system t o  the Recuplex f a c i l i t y .  

1 2 3 1 0 1 9  DELL ASS 
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Redox Control System Studies 

An analog study diagram of a proposed system f o r  continuously calculating optimum 
Redox lA column stream flows has been prepared. 
the diagram are: 

Conclusions drawn from a study of  

1. Calculations t o  determine optimum flow could be made most simply and econ- 
omically by use of electronic rather than pneumatic computing components. 

2. Measured IAF, lABS, and l A A  flows used t o  calculate the optimum 3AX f l o w  rate 
could be used "as measured" and would not have to  be converted to  flow ra t ios  
f o r  making the calculations. 

3 .  A production rate signal is  not required, which eliminates the multiplication 
of each of the measured stream flow rates by a constant. 

Calciner Control System 

The shell temperature of the K ce l l ,  UO 
controlled t o  within k1/4 percent ( *2 .5%)  of i ts  programmed set point, using an 
analog computer determined control system and controller sett ings.  
temperature, s t a b i l i t y  and operating safety have resulted fo r  both steady state and 
transient operating conditions of the calciner. 

calciner f in i sh  section has been successfully 

Improved accuracy, 

Stainless Steel Gamma Monitor Cell  

A gamma monitor ce l l  fabricated from l/k-inch S/S tubing having a 4-microinch inter ior  
f in i sh  has been in operation a t  Purex on the 2EU sample stream. 
c e l l  has shown tha t  f inely polished S/S tubing may be suitable as a construction 
material f o r  gama monitor ce l l s .  
stream. 

Operation wi th  this 

Another evaluation w i l l  be made on the 2EU sample 

Neutron Multiplication Monitor 

A neutron multiplication m n i t o r  located in the c r i t i c a l  mass laboratory has been 
i n  operation during the month. 
4-inch diameter storage vessel i n  which the l iquid level  and plutonium concentration 
is varied as solutions are  transferred in the f a c i l i t y .  
have been observed with plutonium solutions of nominal 300 grams per l i t e r .  
multiplication corresponds to  a Gff of approximately 0.6 and agrees with calculations 
made fo r  a vessel of t h i s  s ize  and geometry. 

The detector and neutron source are located on a 

Multiplications up to  2.5 
This 

Pot Waste Calciner Instrumentation 

The measurement of chsnges i n  thermal conductivity appears a t t ract ive as a means of 
foam detection and pointwise l iquld level  control in the pot w a s t e  calciner. In 
practice this can be accomplished by measuring response of a thermocouple placed 
between a heat source and a heat sink. Heating the thermocouple w i t h  a separate 
heater resulted in slow response. 
thermocouple w i r e  and f i l t e r i n g  t o  separate the M: thermocouple signal w a s  tested. 
The design results in high sensi t ivi ty  and fast response and also meets the require- 
ment that the measuring element be inexpensive and disposable. 
used i n  conjunction w i t h  a conventional temperature recorder and controller. 

A new design incorporating AC heating of the 

The design can be 
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C-Column Fac i l i ty  and Data Processing 

Fifteen ~ m s  of a twenty-run series were completed during the month. 

The Absorptiometer Data Logger system has been given a f i n a l  checkout. 
of  the var labi l i ty  due to the components of the system are as follows fo r  any given 
uranium malysis :  0.02 percect f o r  the t i m e  measuring constant current integrator, 
0.02 percent inherent i n  the statist ical  nature of the gamma source, and 0.02 t o  
0.05 percent i n  the ion chamber-current integrator. 
b i l i t y  i n  a given analysis should not exceed 0.06 percent. 

A Beckman Model W pH meter was modified t o  give 0-mv output f o r  a pH of 2, and 100 
m output f o r  pE of 4. 
give very f ine  control i n  this system. 
De different ia l  amplifier Ssving a gain of 30 t o  1. 
the "Absorptiometer Data Logger" system t o  perfom a "HpH" analysis of the aqueous 
uranium containing phase from the C-Column. 

The estimates 

Thus, the t o t a l  expected varia- 

The "Zero Check" and "Standardize" controls were changed to 
The 0-100 mv output w a s  connected t o  a Kintel 

This system w i l l  be used i n  

pLuT0Mr.m RECYCLE PROGRAM 

S a l t  Cycle Process 

Plutorzium Oxidation State i n  Lek- Temperature Melts - The stable oxidation state io 
either PW12-2E1 o r  MgC12-KC1 a t  570 C in the presence of an E 1  sparge is Pu(II1). 
On c4anging to  a clilorine sparge the melt color changes and a t  least a portion of 
the plutonium is converted t o  a higher oxidatioo state presumed to be pU(IV). 
ing melts contained one percent Pu(II1) w i t h  chlorin2 fo r  one-half hour (a  hundred- 
fold excess of cuor ine )  has converted only 66 percent of the plutonium t o  the 
higher oxidation state. 
an attempt to minirrize changes i n  oxidation state on freezing. 

Sparg- 

These samples were frozen under a chlorine gas blanket in 

Studies of MgClp-KCI Systems - Exploratory studies continue t o  show the MgC12-KC1 
systela t o  %e a potentially useful lower-melting salt system. Studies i n  t h i s  systern 
have been complicated by the d i f f icu l ty  i n  obtaining and maintaining the melt ir i  a 
dry  state. 
be obtained by electrolysis i n  t h i s  system more readily than i n  the NaC1-KCl system. 
The primary reason f o r  the iinprovement appears t o  be the a b i l i t y  to  operate a t  lower 
temperatures (as i n  the PbCl2-KCl system). 

Attempts t o  "parti t ion deposit'' U02 from plutonium bearing melts have Seen  success- 
ful t o  date In the MgC12-KC1 system. 
obtaineb even at  725 C and employing an HCl sparge during the electrolysis.  The lack 
of separation may be due t o  the possibi l i ty  that the melts were not completely dry. 

After extensive drying of the m e l t ,  large w e l l - f o n d  grains of U02 can 

No separation of plutonium from uranium w a s  

Deposits recently obtaitzed from MgC12-raCl melts have exhibited significantly higher 
oxygen t o  uranium ra t ios  than were previously obtained under comparable conditions. 
The o d y  known difference ir conditions i s  t h a t  the humidity of the (room) a i r  was 
s i R i f i c a n t l y  higher during the later work. 

Studies of P b C I p - K C l  System - Observations matie t h i s  month emphasize even more 
strongly than Sefore the importacce of m e l t  "dryness" on the manner of W02 crysts i  

1 2 3 7 0 2  I 
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growth. 
lci t iallg i n  the f o m  of needles bat evertuallg a exbiz c rys t a l - tne  growch occwred. 
The resulting deposits contain consZersble iroid s3acs ill the center, forme2 during 
the needle growta period. 
o r  greater. I n  a very dry melt, a cu3ic type growth was obcaixd i n i t i a l l y  and the 
TJ02 crystals grew oubrarb as units ic 10% c o l ~ s .  
very dense with f e w  voids, w a s  extrenveiy coherent, a;-d had 

Evec aftsr ''Lryiag" tke m e l t  3 : ~  a prolonged EC1-CL2 sparge, U02 deposite2 

Oxyger, t o  uraniun r c t i o s  in these deposits have Seen 2.0i 

The deposit as a whole w a s  
oxygen t o  uranium 

ra t io  of 2.003. 

The very dry melt which yielded cubic type growth +throu@oxt the deposition w a s  pre- 
pared by chlorine sparging a mi t  which contained uraxLm(W) 2a-d during a 
previous deposition. 
ceedle type grow* i n  melts "6ried" by X 1 - C i g  sparglng comoces  when the m e l t  has 
Seen further dried by anodic action. 

It i s  presmed tha t  the cubic tlqe growth which fo l lows  the 

me lead ana p+assium contents of some UO 
Pb and 100-200 ppm K t o  10-20 p p  pt, an2 5 8  ppn K 5y etcking w i a  n i t r i c  acid. This 
demoostrates that the contamhation was principally on the crystal  swfaces and 
indicates t ha t  the high lead coo+,aaination w a s  r c t  caused 3y depoaitioc of lead wi th  
the U02. 
obtain l o w  lead and potassium impurity Levels. 

Engineering Development - A 25 pound batch of U 08 produced by air oxidation of U02 
a t  600 C f o r  24 hours w a s  completely dissolved ?n a nominal 20 l i t e r  PbC12 - 2.5 K C 1  
salt bath by chlorination a t  TOO C f o r  eight LOL-S. 
c u o r i n e  though a 6 mm tube a t  a flow rate of 3 l i terslmin with no special gas dis- 
persion apparatus. 
80 and 95 percent dissolution a t  1.9, 4.1 and 6.5 hours, respectively. 
e lectrolysis  a t  600 C with a Hastelloy D cathode and gra.phite anodes protluced a dense 
sheet of polycrystalline which was eas i ly  renoved by qcenchirg tSe electrode in water. 

2rystala xere reduced from 500-1000 ppm 

Apparently, thorough washing of the crystals is all that is required to  

I ke  bath w a s  sparged w i t h  

A f i n a l  concentration of 17.0 w/o u r a a i u m  w a s  attained w i t h  50, 
Scbsewent 

Ion Exchsnae Contactor Develocment 

The Jiggler con+actor w a s  operated w i t h  resin slurry direc';iy In  contact wi th  the 
N s e  pump bellows. 
a t  1-inch amplitude and 3 to 5 cycles/miaute. Direct action of *he bellows imparts 
a pos:t;ive pressure to the resin it;self IC con"uast 50 operation tc prioT operations 
w i t h  screened pulser l i nes  requiriag the s l i p  wazer to  inove %he resin by f r ic t iona l  
C r a g .  
f l o w  being qualitatively observes, although resin a t t r i t i o n  a t  the bellows has not 
yet been evaluated. 

I n i t i a l  observatiocs were made wi th  2C-kG nesh resin and pzlsing 

S l ip  water flows and pressure variations were reduced w i t h  much steadier resin 

PRlB Studies 

Analysis of f iss ion prodzcts i n  the primary helium and heavy water systems of the 
PRSIR continue t o  show %he presence of a fael e lzmnt  ( o r  elements) wi th  a gas leak. 
Bursts of noble gas f iss ion products representing tkte amount eqec ted  from as much 
as 100 gram of uranium were observed whev the reactor power level  w a s  raised 
following several hours' operation at some lower power level .  
or products other than the noble gases were observed in the heavy water. 
product ac t iv i ty  i n  the helium system as recorded by the PRTR rupture nonitor showed 
the bursts of ac t iv i ty  and does seme to indicate the presence of leaking fuel elements. 
In order t o  identify the tube which contains +&e leaking elemeat) the rupture monitor 
must be able t o  compare relat ive a c t i v i t i e s  ia tbe various tubes a t  t-es on the order 
Of minutes following the burst .  

Very l i t t l e  iodine 
Cross f iss ion 

The present monitor i s  cot capable of t h i s  type of 

1 2 3 X l 2 2  operation.. 
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RADPOACTm RESIDUE FIXATION 

Mineral Reactions 

Heat treatment of c i inopt i lo l i te  a t  400 C fo r  two hours s ign i fkan t ly  improves the 
cesium adsorption select ivi ty  of the mineral. 
receivizg a solution of 1.0 ld sodium n i t r a k  traced with Cs-137 had about twice the 
cesium adsorption capacity a;f did similar colurmrs of untreated zeolite,  
upon elution w i t h  5 M amoniu~p n i t r a t e  solution, these columns ga- nearly identical  
f ract ional  elution c k e s .  
change in  the c l inopt i lo l i te  adsorption sites upon heating. 

Laboratory columns of treated mineral 

However, 

The eLution results U s  do not reveal a fundamental 

Laboratory studies of cesium adsorption by sulfonated phenolic res in  from neutralized 
Purex 1WW w a s t e  revesled a marked effect of system temperature. 
simulated neutralized 1 W W  waste diluted to  double the volume and with the pH adjusted 
to  11.5. 
similar ones operated a t  80 C.  
the higher temperature. 
dehydrated sodium ions a t  the higher temperature is probably responsible f o r  these 
results 

The solution used 

Columns operated a t  20 C had about three times the cesium capacity of 
The b r e a k t h r o w  curves are considerably steeper a t ’  

The relat ively greater competition afforded by par t ia l ly  

Sulfonated phenolic res in  (Duolite C - 3 )  was found to  have a re la t ively low adsorption 
capacity for strontium from neutralized Purex 1 W W  waste solution. 
experiments, 50 percent breakthrough was attained i n  only three column volumes. 
This is in marked contrast t o  the nearly 150 column v o l ~ s  required t o  give a 50 
percent breakthrough of cesium. 
radioactive constituents from high-salt wastes w i t h  the possible exception of 
supernatant solutions from which nearly all radiostrontium was precipitated. 

The effectiveness of 5 M ammonium acetate solution f o r  eluting cesium from clinop- 
t i l o l i t e  w a s  determined: Ammonium acetate would be a particlllarly useful eluting 
agent because it could later be removed fmm the cesium solution by volat i l izat ion.  
As was anticipated, ammonium acetate is  much l e s s  effective than ammonium n i t r a t e  
solution for  eluting cesium. In  addition, l e s s  separation of the sodium and cesium 
elut ion curves was obtained, about 7 column volumes being required to  e lute  50 per- 
cent of the sodium and 12 column volumes being required to  e lute  50 percent of the 
cesium. 

I n  laboratory 

The resin would probably be ineffective f o r  removing 

Condensate Wastes 

The 271-CR experimental steam str ipper  which has operated fo r  more than 1200 hours 
continues t o  remove 97 percent of the asrmonia and organic impurities from Purex Tank 
Farm radioactive condensate wasteo When the stem str ipper  overheacis are condensed, 
two p k s e s  are collected. 
organic and aqueous phases a re  indicated below: 

The concentrations of various isotopes present i n  the 

Concentration i n  Concentration i n  
Radioisotope Aqueous Phase, uc/ml Organic Phase, u c / d  

1-131 5.9 x 10-6 2.7 10-3 
RU-106 5.6 x 10-6 3.4 10-4 
ZrNb-95 9.4 x 10-7 Not de tee  ted 
CS-137 Not detected Not detected 

1 2 3 7 0 2 3  
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Becase Cs-137 is not detected in the overheads eve3 though it is present it the 
feed in concentratiocs greater than any other isotope, entrainment can be considered 
a minor mechanism by which activity appears in the overheads. 

Micro Pilot Plant Run 16 was terminated after the passage of about 3000 liters of 
waste through Amberlite-IR 120 originally in the hytbogen form. 
regenerated with six column volumes (1500 m l )  of 4 nitric acid. MPP R u n  17 was 
started using this regenerated resin. 

The resin was then 

Breakthrough for R u n  16 occurred after passage of about 5000 column volumes, although 
during Run 17 this did not occur until after passage of about 7400 column volumes. 
The capacity of the. resin for over-ell activity removal appears to be a function of 
the ammonia content of the feed. The lower capacity experienced during Run 16 is a 
result of slightly higher ammnia concentrations at the beginning of the run due to 
a startup fluctuation of the steam stripper. "he resic continces to remove strontium 
isotopes to below their MFC, for at least 12,000 col.m volms even though the other 
isotopes present have broken through. 

Fis s ion Product G1 as ses 

Two promising new cesium glasses were prepared during the morzth, each containing about 
50 W/O cesium. One was a cesium-zirconium-aluminum-phosphate and the other a cesium- 
lanthanum-aluminum-phosphate. Both gave solubilities of about 0.6 w/o in a standard- 
ized four hour test in boiling water, a solubility much lower than previous phosphate 
glasses containing this much cesium. Pour temperatures were 1400 C and 1375 C and 
cesium contents 1.29 g/cc and 1.47 g/cc for the zirconium and lanthanum glasses, 
respectively. 

Efforts to prepare cesium silicate glasses resulted in excessive volatilization of 
cesium, a difficulty which was not experienced with the phosphate systems. 
formation of a cesium zeolite followed by heating of this material may avoid cesium 
loss  and I s  being investigated. 

The 

Ruthenium Tetroxide Studies 

The vapor pressure of RuO4 over 6 M HSO4, as a function of RuO4 concentration, was 
measured during the month. 
deviate only slightly from ideality at higher concentrations. 

The beLvior was found to be ideal up to 0.2 and to 

In-Cell Spray Calciner 

It was found that use of co-axial cable will make possible induction heating of 
the in-ceU pot calciner (which a lso  serves as melt pot for the spray calciner). 
An existing 15 KVA M C C O  motor-generator unit will be used as source of power. 

1 2 3 1 0 2 4  
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BIOLOGY AND MEDICINE - 06 PROGRAM 
TERRESTRIAL ECOLOGY - WTli SCIEXXS 

Geology and Hydrolo& 

Repeated measurement of the temperature profile i n  certain project wells shows small 
consistent increases i n  the temperature throughout the w e l l .  
change is a5out 0.5 C every six days. 
influence of recharged Columbia River water. 
t u r e  increases approximately 1.0 C every six days. 
in  Hanford wells r e f l ec t s  a normal geothermal gradient i n  most of those examined. 
However, i n  a series of wells along a l i ne  extending nearly seven miles southeast- 
ward from 200 E a s t  Area, a break was detected in the slope of the measured geothermal 
gradient. This result i s  tentatively ascribed to thermally hot plant effluents 
moving i n  the ground water. 
measurements f o r  detecting such movement. 

The maximum rate of 
The temperature change is ascribed to  the 

During this season the r iver  tempera- 
The ver t ical  temperature profile 

The phenomenon r e f l ec t s  the sensi t ivi ty  of temperature 

Soi l  Chemistry and Geochemistry 

Research continued i n  the evaluation of strontium adsorption by natural and synthetic 
zeolites.  The immediate goal i s  t o  establish the differences i n  the adsorption 
se lec t iv i ty  f o r  strontium of various zeol i t ic  materials. The research design results 
i n  a l inear  regression equation involving the system variables having the greatest 
influence on strontium uptake within the range of conditions studied. This equation 
may be used t o  select the optimum adsorber of those studied f o r  a given application. 

The regression equation obtained t o  fit C/Co values a t  a givec volume thraughput f o r  
column experiments w a s  only par t ia l ly  successful. 
might not a l l  be l inear  w i t h  C/Co. 
were obtained f o r  several points i n  the experimental design. 
that the column residence time variable is  probably non-linear w i t h  C/Co a t  a fixed 
column throughput. From experimental data obtained f o r  pelletized Linde 4A zeol i te ,  
t h e  50 percent breakthrough capacity w a s  found t o  be l inear ly  related t o  the other 
independent variables studied and independent of column residence time. It i s  thus 
possible t o  develop a regression equation f o r  50 percent breakthrough capacity that 
would give a better f i t  t o  experimental resul ts  acd a more rel iable  prediction of 
strontium adsorption than w a s  obtained with the regression equation f o r  C/Co. 

It appeared that the variables 

These data revealed 
To study this effect complete breakthrough curves 

Breakthrough data from laboratory s o i l  columns of different  lengths were analyzed 
with the Glueckauf formula f o r  adsorption column calculations. The calculated 
H.E.T.P. f o r  these columns w a s  again found t o  change w i t h  column length, as w a s  
previously found i n  attempting to  apply the Mayor and Tompkins fonrmla and the 
Hiester and Vermeulen equations. These fonmrlas are all derived w i t h  the assumption 
that the effect  of longitudinal dispersion on the breakthrough curves is  negligible, 
which is  apparently not valid for  the case of soil columns. 
could be corrected f o r  the effects  of longitudinal dispersion resulted in nearly 
constant values of H.E.T.P. after t h i s  adjustment, but more information w i l l  be 
needed t o  confirm the effectiveness of the correction. 

One set  of data which 

Field Apparatus Development 

Iritis1 f i e l d  t e s t s  were conducted with the formation tes t ing w e l l  packer recently 
received. The packer and associated equipment functioned properly wi th  the exception 

. 
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that pins designed to  shear a t  stated pressures above the sealing element pressure 
did not shear a t  the proper pressure. 
above and below the packing elements, while the elements remain sealed t o  the w e l l  
w a l l .  

A portable rotary drill, recently received, w a s  given preliminary f i e l d  tests a t  
the Gable Mountain site. 
diameter test holes t o  a considerable depth depending upon the formtion. With the 
combinations of tungsten carbide and diamond b i t s  available, the i n i t i a l  tests 
gave encouragement that depths to  about 50 feet could be dr i l led  almost anywhere on 
the project. The performance w i l l  be established i n  greater de ta i l .  

On shearing, these pins open a channel t o  

Selection of proper diameter pins corrected t h i s  d i f f icu l ty .  

The equipment should prove valuable fo r  placing small 

The all-electric-control modification of the ver t ica l  w e l l  current meter neared 
completion. 
w e l l  f o r  a measurement ent i re ly  by e lec t r ica l  controls. 
replaces the compressed air  inf la t ion of the packing element. 
present model should permit rapid and rel iable  measurements of ver t ical  w e l l  currents. 

With the modified design the meter can be located and sealed into the 
A miniature l iquid pump 

The success of the 

A1MOSPHE2lIC RADIOACTIVITY AND PALLOUT 

Radioisotopes as Particles and Volatiles 

A particle generator of the vapor condensation type w a s  designed and fabricated pre- 
paratory t o  measurements of particle deposition velocit ies i n  larger and smaller 
diameter tubes than those previously used. 
supported ver t ical ly  were readied f o r  these experiments. 

An expression was derived from theoretical  considerations for the deposition of 

Tubes made up into 60-foot lengths and 

part ic les  from a turbulent stream due 

c = co 

C = The particle concentration 
from the i n i t i a l  point. 

= The i n i t i a l  point particle 

d = A dimensionless parameter, 

Co 

= A constant = 

t o  a thennal gradient. The expression is: 

i n  the stream a t  a distance, x, downstream 

concentration 

3 P r  R e  
2 Nu 

number 
number 

R e  - Reynold's number 

, in which 
2Kg + KP 
Kg = Thermal 'conductivity of the gas 
Km = Cunningham correction f o r  Stoke's Law 
Kp = Thermal conductivity of part ic les  

To = Absolute inlet  temperature of gas 

Tw =Absolute wall temperature of the pipe 
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T = Average absolute temperature of the gas 
, in which 

a = - @  
h = Inside film heat transfer coefficient 
D = Pipe diameter 

v = Mass velocity 
Cp = Heat capacity of gas 

The significance of thermal deposition as predicted by this equation in practical 
application has not been investigated. For larger particles, turbulent deposition 
w i l l  in all likelihood exceed deposition due to thermal effects. 

Manager 
Chemical Research and Development 

WH Reas:cf 
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BIOLOGY LABORATORY 

A. ORGANIZATION AND PERSONNEL 

R. F. Keough joined the Biological Analyses Gpration, coming t o  us from the 
University of Idaho. 

John F. Cline rejoined the Plant Nutrition and Wicrobiology Operation following 
a one-year leave of absence while on assignment with the IAEA i n  Tunisia. 

John E. Stewart terminated from the P l a n t  Nutrition a& Microbiology Operation 
t o  return t o  school a t  UCLA t o  pursue graduate work. 

D r .  Frank Mraz, an exchange sc ien t i s t  from O a k  Ridge - U T - A E  Agricultural Research 
Project, was  assigned t o  the Metabolism Operation on June 1, 1961. 

D r .  Ida Necum joined Biology as a Summer employee. She w i l l  again teach diology 
a t  Columbia-High School i n  hichland th i s  f a l l .  

B. 

I 

TECHNICAL ACTIVITIES 

FISSIONABLE MATnIALS - 02 PRCGRAM 

Effect of Reactor Effluent on Aauatic Organisms 

Instal la t ion of the hydraulic t e s t  flume has been completed suff ic ient ly  so 
that  preliminary flow calibration has been ini t ia ted.  
lower than designed for ,  for  reasons which are  not yet determined. 

Velocity estimates are  

C. columnaris 

Although no samples of f i s h  taken f r o m  the Columbia River have shown the presence 
of columnaris, extensive deaths have been noted in the troughs in  the Aquatic 
Biology laboratory. 
was made t h i s  month on a chisel-mouth which was obviously infected a t  the time 
i t w a s  taken and produced numerous colonies from both internal and external 
samplings . 
To study the e f fec t  of f i s h  crowding on the incidence of columnaris, four troughs 
were s e t  UK with the following i n i t i a l  f i sh  populations: 50 , 150, 450 ard 900. 
These troughs are a l l  receiving regular Columbia River water and infection 
arises from columnaris endemic to the r iver .  Per cent mortalities arising from 
columnaris t o  date are: 
l o t s  are suffering the greatest and only mortalities. 
problems which occur i n  hatcheries, under crowded conditions, t o  conditions in  
the r iver  is clear ly  a very questionable procedure. 

Our f i r s t  identification of columnaris in the Y a k h a  River 

50-0, 150-0, 450-2.2 and 900-3.4. The more crowded 
The extrapolation of 

The a b i l i t y  of various s t ra ins  of columnaris t o  hydrolyze protein was tes ted 
by measuring the s ize  of clear zones in agar plates containing gelatin. The 
clear zones-were largest  around colonies of virulent strains of columnaris and 
smallest around colonies o f  the nm-vimlent strains.  This suggests tha t  
the a b i l i t y  t o  attack f i s h  i s  related t o  the ac t iv i ty  of the protease enzymes 
i n  these organisms. If t h i s  observation can be substantiated, it should make 
it possible t o  more easi ly  identify virulent s t ra ins  of this organism. 

UKCLASS IFIXD 
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Population Dynamics 

Tno hundred ninety-six ring-billed and California gulls were banded a t  two major  
colonies within the Hanford Reservation. 
the total produced during the current season following a disastrous loss of 
nests, eggs and p n g  by unusually high water levels. 
among ring-billed gulls and is reflected in the ra t io  of new bands placed on 
t h i s  species (50 per cent) i n  comparison to former years (75-90 per cent). 

This number is approximately one-fourth 

Greatest loss  occurred 

BIOLOGY AND MESICINE - 06 P R O G M  

METABOLISM, TOXICITY, AX3 TFWiSFER OF RIIDIOACTIVE IfATaIeLS 

Arsenic-74 

The uptake of arsenic (as arsenate) was studied by the Neubauer technique, 
the same method previously used t o  obtain a r e  ative uptake o f  a wide variety 

approximately the same extent as previously found for  do. T h a t  is, for 
our locd  Ephrata sandy s o i l ,  the concentration i n  the dry plant  material 
was from two to f a r  t ines  the concentration i n  the dry s o i l .  

of f i s s ion  products by barley plants. The  As7 l?i was taken into the plants t o  

Uptake from Millvil le s o i l  w a s  s l igh t ly  less  than from E 

Mil lvi l le  o r  Ephrata s o i l s .  
the uptake of As7b from the Millvil le and Ephrata s o i l s  but had no affect  
on uptake from Cinebar s o i l s .  
contents of phosphorus in these three s o i l s ;  Cinebar s o i l  containing more 
than a hundred times more phosphorus than Ephrata s o i l  and about 10 times 
more phosphorus than Mil lvi l le  soi l .  
on t h i s  interpretation, is anomolous. 
soils,which is  highest in the Cinebar s o i l ,  intermediate i n  Millvil le,  and 
lowest in  Ephrata s o i l ,  may also be an important factor.  

rata s o i l .  In 

Addition of phosphate t o  the s o i l  increased 

These resu l t s  correlate with the native 

Cinebar s o i l  plants took up l e s s  than a tenth as much As st: as i n  e i ther  the 

The effect  o f  added phosphorus, 
The organic matter content of the 

Strontium-Calcium 

Blood analyses were made on the surviving trout from the chronic S r  90-,90 
feeding experiment of a year ago. 
leukocytes, hemoglobin, or packed-cell volume were found for  three medium- 
level  (fed 0.05 pc/g fish/day for  2 1  weeks) and three low-level (fed 0.005 
pc/g fish/day for 2l. weeks) f i sh  sampled. 

No abnormal values for  erythrocytes, 

Strontium and calcium were shown t o  move i n  the phloem t issue of bean stems 
by placing a plast ic  divider between the outer phloem layer  and the 
remainder of the stem. 
than i n  the downward direction although in both cases the r a t e  was very 
slow, l e s s  than 1 cm per day. During the experiment upward movement i n  the 
x y l e m  proceeded a t  a normal ra te  of several centimeters p r  hour. 

Movement i n  an upward dimction was more rapid 

The previous observation tha t  leaves took up more strontium than calcium 
during the init ial  hour of uptake of labeled cations w a s  repeated. 
it also appeared that  l a t e r a l  translocation from the xylem t o  the phloem 
tissues favored movement of strontium over calcium. Thus the hypothesis 
that  calcium exchanged from the xylem during assent of the ions does not 
appear adequate t o  explain the early appearance of more strontium than 
calcium in leaves. 

However, 

UNCLASSIFIED 
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Comparative Toxicity of Strontium, Plutonium and Radium 

Four animals were sacrificed 18 months post treatment with special  emphasis 
given t o  collection of specimens that  w i l l  a s s i s t  i n  evaluating early damage, 
The only gross lesion noted was a severe chrmic nephrosclerosis i n  the animal 
which had received 6,4 pc Ra226/kg body weight 18 months previously when six 
months of age. This lesion may not be related t o  the radium administration. 

b i n a t i o n  of radiographs of the disarticulated skeleton showed increased 
density in the r i b  i n  the area where the epiphysis would have been a t  time of 
injection. Some of these areas also showed rarefaction. 

Iodine 

% p e d  Iul content of whole blood and blood plasma in the ewes given 5 pc/daY 
occurred three t o  six hours a f t e r  radioiodine feeding. 
however, were not attained u n t i l  six t o  nine hours post feeding. 
radioiodine concentrations of whole m i l k  t o  blood plasma ranged from 15 t o  25 dar ing  
a &-hour period. 

Plutonium 

Ekcretion of plutonium into the intest inal  t r a c t  following DTPA treaement w a s  
studied by in  s i t u  perfusion of sections of the intest ine of rats injected 
60 days p r e T m r y  with plutonium. 
rates of excretion into the duodenum and jejunum. 
was  a fac tor  of a t  l ea s t  ten lower. 
fecal excretion result ing from DTPA treatment can be due only i n  par t  to b i l i a r y  
excretion. 

DTPA alone and DTPA combined with AEZATA (2-(B=aminoethoxy) cyclohqlamine-N, 
N, N' , NI-tetraacetic acid) were administered oral ly  t o  r a t s  one hour a f te r  
intravenous injection of plutonium c i t ra te .  
was l e s s  effective than an equimolar amount of DTPA alone. Both treatments, 
however, were quite effect ive considering tha t  the material w a s  administered 
orally. 
treatment and eighteen per cent a f t e r  treatment with the cmbined agents. 

Ekternal monitoring of s i t e s  injected with 5 uc of Fu239(N0 ) 
revealed 3 t o  4 per cent of the estimated injected dose remained i n  s i t e s  where 
the scab was removed surgically as compared t o  30 t o  40 per cent in s i t e s  
with intact  scabs. 

Fifty-six intradermal injections o f  F U ~ ~ ~ ( N O ~ ) ~  i n  doses varying from 0.0016 
t o  5 pc per s i t e  were made i n  two miniature pigs. Control s i tes ,  O.O016pc, 
0.008 pc, and 0 . 0 4 , ~ ~  s i t e s  s b w  no v is ib le  lesions at  l4 days post injection 
while the three higher leve l  s i t e s  (0.2, 1.0 and 5.O)rc) show reactions varying 
from pinpoint red areas a t  the 0.2 pc level to swollen, erythematous areas 
up t o  3 cm i n  diameter a t  the 5 pc  s i t e s .  The center of the swollen areas a t  
the 5 pc s i t e s  have an ulcerated area approximately 1 / 2  t o  1 cm long and l/4 t o  
1 / 2  cm wide. 

Peak milk concentrations, 
The ratio of the 

Results from three r a t s  indicate comparable 
&cretion into the ileum 

These resul ts  indicate tha t  the enhanced 

Treatment with the combined chelates 

Twelve per cent of the plutonium remained i n  the rat a f te r  DTPA 

ten months ago 3 4  
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Transfer of Badionuclides t o  Piilk 

Preliminary rad$jpa lys i s  data indicates that  the transfer of intravenously 
administered Pu NO3 from plasma t o  milk i s  extremely l o w .  
are noted in  the milk seven hours post injection a t  which time the m i l k  cancentratim 
was approximately 10  per cent of the concentration in plasma a t  that  time, and 
approximately 5 per cent o f  the average plasma ccncentration during the f i r s t  
seven hours pos t injection. 

The highest concentrations of intravenously injected Ce' in milk were found 
seven hours post injection when the milk ctmcentration was approximately six 
times the plasma concentration. The concentration of cerium i n  the m i L k  a t  
seven hours was just  s l i g h t l y  greater than the average plasma concentration 
during the f i r s t  seven hours post injection. 

Maximum concentrations 

Radio active Part ic les  

A study of the effects of l o w  doses Df inhaled Pu23902 on l i f e  spaq of the mouse 
is nearing completion. 
pulmonary deposition of 1 x 10-3 pc Pu239. 

Preliminary resul ts  o f  f'urther experiments on the retention of inhaled plutonium 
i n  dogs were obtained. 
plutonium dioxide and one dog exposed t o  plutonium n i t r a t e  aerosols. 
animals were sacrificed 30 days a f t e r  exposure. 
accumulation in lymph nodes and very low urinary excretion observed af te r  
inhalation of plutonium n i t r a t e  was not expected fo r  a re la t ive ly  soluble 
plutonium compound as compared with the dioxide. 
dioxide is much less than #at seen in  dogs a f t e r  inhalation of  Fu02 aerosols 
with mass medium dfameters of 1 E" o r  larger. 

Plant Ecology 

The annual production of palatable forage provided by cheat grass on an abandoned 
f i e ld  near Sanford w a s  estimated on May 15, 1951, Old grass growth from previous 
growing seasons w a s  removed by burning o r  clipping in the f a l l  of 1960 so that the 
harvested rass  weights represent current y e a r ' s  growth only. Six plots, 
each two m , were harvested from each treatment. 
weights from burned treatments showed a yield of 204.5 grams + 22.2 while the 
yield of clipped plots yielded 205.6 grams + 21.6. Sixty-fouF per cent of the 
fresh weight of the grass was l o s t  by oven Trying. 

A number of mice survived more than two years a f te r  

These are summvlized in Table 1 for  one dog exposed to 

The high pulmonary retention, 
Both 

The retention of the plutonium 

8 Average oven dry (60-65 C )  

Project Chariot 

Collections of aquatic and t e r r e s t r i a l  invertebrates were made a t  Cape Thompson 
for  population analyses and fo r  comparisons of abundance during previous years. 
Samples of  bane 
analyzed for  Srto.  
8.5 pc/g wet weight and a l l  muscle samples weref 0.15 pc/g wet weight. 

an t le r  and f lesh  from caribou collected during 1960 were 
Bone averaged 9.6 pc/g, wet weight; antlers averaged 
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Development of Blond Miniature Swine 

Five blond breeding sows farruwed the past month giving b i r th  t o  28 pigs of 
which 20 were white or  blond. Ten white and f ive blond are s t i l l  alive. The 
baby pigs are U/16, l4/16, 15/16, o r  purebred and the majority of them are 
expected t o  breed t rue t o  color. 
miniatures i n  August. 

A name will be selected for  these blond 
(One name suggested is Hanford Miniat 

Acting Manager 

RC Thompson:es 
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C .  Lectures 

a. Papers Presented a t  Meetings 

L. K.  %tad, ltToxicity o f  plutonium, Life Sciences Working Group Meeting, 
Richland, 'Washington, July 26 , 1561. 

GI. J. B a i r ,  llP'lutonium inhalation studies - retention, translocation, and : biological effects ,I' Life Sciences Woxking Group PIeeting , Richland, 
Washington, July 26 , 1961 . 

R. C. Thompson, llMe+,abolism and removal of ingested ana injected plutonium," 
Life Sciences Working Group Meeting, hichland, hashingtm, July 26, 1561. 

b. Seminars (Off-Site and Local) 

L. K. h t a d ,  1fBiological ef--ects of 1131,11 AEC Health Physics Fellowship Program, 

J. R. McKenney, "Gonad dose from gamma emitting radionuclides," UC Health Physics 

W. 3. hickard, '!Fallout and Environmental Problems," 84C Health Physics 

R. 0. McClellan, llRadiobiology of bor,e-seeking radioisotopes," AEC Health Physics 

E. Pi. Uyeki, IWodification of radiation injury,ll AX Sealth Physics 

F. P. Hungate, "Cellular, biochemical and genetic effects  of  radiation," 

300 Area - July 10, 1961. 

Fellowship Program, 300 Area - July 10, 146*~. 

Fellowship Program, 300 Area - July 1 7 ,  1961. 

Fellowship Program, 300 Area - July 24, 1461. 

Fellowship Program, 300 Area - July 31, 1961. 

University of Washington - Radiation Biology Summer Institute, Seattle, Wash. , 
July 12-1kj  1961. 

S. Marks , Vathological effects of radiation," Radiation B i o l o g g  Summer Ins t i tu te ,  
University af Washington, Sea t t le  , Wash ,, , Jul y i 9  , 1561. 

L. K. h t a d ,  llPhysiological response t o  radiatioa," E a d i a t b n  diology Summer 
Inst i tute ,  University of Washington, Seatt le,  hash. 

L. K .  Bustad, Radiation Carcinogenesis and Life Shorten-ing, Radiation Biology 
Summer Ins t i tu te ,  University of Fiashington, Seattle, Wash., July 21, 1961. 

D. A. Barber, l~Calcium-etrontium uptake i n  plante, Department of Botany, 
University of Washington, Sea%tle, Wash. , July 28 , 196i. 

L. A. George, I1l'iechanisms of radiation damage t o  , tbe cel l ,"  Radiation Biglogy 
Summer Inst i tute ,  University of  Washington, aeat t le ,  Wash., July 12,  1961, 

L. A .  George, "Mechanisms of radiation protection, 
Ins t i tu te ,  ilniversity of Washington, Seat+,le, Wash, , July 13, 1461, 

July 20, 1961. 
II 

Radiation Biology Summer 

c. Seminars (BioLogy) - none 
d: Miscellaneous lectures - none 

D o  Publications 

a. HW Documents 

Staff of the aioloogy Laboratcry, Vanford 3iclogy Research Annual ileport f o r  1960," 
Document m-69500, January 10, 1961 

Willard, D. H. and W. J. Bair , tlBehavior of IU1 following its inhalation as a 

(issued i n  July) 
b. Open Literattire 

vapor and as a particle," Acta Radiologica - 55, 486 (1961). 
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OpERAflIOlPs mwCH AND SYmTHEsIS rnRA?CION 
MONTELY REIsoFtT - JULY, 1961 

Miss Joanne K. Fremstad joined the Organization on JUy 5 ,  1961, as a 
Junior Scientist working in the Stochastic Processes' and Reliability 
Studies Function. 

Mrs. Doris H. -son was nsmed Secretary to the m e r ,  Operations 
Research and Synthesis, effective July 10, 1961. 

CPEMTtOmS FESEARCH ACTIVITIES 

Input - Output Model 
The first draft of a report SUnmLsrizing past findings is being typed. In 
preparing this report, several learning curves were found to describe the 
HAPO process. While these were satisfactory in describing existing data, 
there is same question as to their dependence on.the chronology of adding 
new facilities. This possible dependence is being studied further. 

HAPO Criteria Study 

The third draft of the report is nearly typed. 
ments, modifications were made in the discussion of net return and 
few revisions were made. 

Based on solicited can- 
a 

FJel Elemer-t Performance 

Continuing study of the use of polynamials to describe irradiation 
indmed fie1 element distortion has shown that this method has several 
advantages over the method traditionally used. 
of distortion into one of twenty-fuur different types, which should give 
added insight into the nature of uranium instability, and provides an 
obJective means of detecting those Are1 elements with unusual distortion 
and those which were probably measured w i t h  gross error. 
eliminates the bias that exists in the current calculation of diameter 
change at the fuel element center. 
senting these results. 

It permits classification 

Also, it 

A document is being prepared pre- 

3sing the empirical models based on Quality Certification Data, pre- 
dictims were made of the diameter growth and warp expected under a 
specific set of reactor conditions. 
prqosed irradiation of about 100 tubes of nickel-plated fuel  elements and 

These conditions apply to the 
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were performed in order ts assess the risks, such as increased tube 
corrc)sion, involved in irradiating this number of tubes to high exposure. 

Prelhlhary Bgalyses have been made of sources of variation in TIT-2 read- 
ings, which measure grain size in the uranium core. Results w5ll be used 
in proposing an acceptance sampling plan for ingots to be administered at 
the feed sites. 

It was proposed t%t a production test be run to evaluate N-quality cores 
(having different chemical specifications f'rm existing cores) used for 
NPR fuel elements. 
t o  seven-inch bars prior to rol l ing.  
of different size and having different characteristics were praposed for 
consideration, one of which has been tentatively selected. 

These are to be cast as eleven-inch ingots and extruded 
Seven alternate experimental designs 

A method of estimatiag the slope asrameter in the rupture model has been 
developed using informatian only from lots which sustained ruptures. 
was done under a generalized rupture model which permits each lot to have 
a different location (or intercept) parameter. 
also found. 

Zhis 

Confidence limits were 

Optimization of Reactor Operations 

Further consultation was provided in connection w i t h  the evaluation of decision 
rules specifying the action to be taken when a situation which could result 
in a single tube.melt-down is noted in a reactor front face component. 
sideration was also given to the problem of determining whether or not 
partially worn-out cqonents should be replaced completely, o r  as the need 
arises on an individual basis. 

Information Systems Studies 

Additional difficulties encountered during debug trials in the 2-Plant 
Infornlatim Study have been traced to faulty circuitry in the input - output 
typewriter. Althmghthese, and other faulty circuit panels located during 
the moEth,hve further delayed the ccraputer operational date, the delay 
has important side benefits with respect to permitting additional training 
of the working team members. 
risking stored prqpms. 

Con- 

.. 

Trainees have access to the console without 

A tentative list has been made of six study team members for  the Bedox 
Systems Study. 
load permit. 

The initial. FPD Systems Study Team Meeting is scheduled for August 2 ,  1961, 
at which time, the real time and historical data processing system will 
be delineated. This is to be followed by a description of the approach 
and techniques used in the 2-Plant Study wi$h appropriate corresponding 
recommendations and suggestions for the FPD Study. 

The study will begin 88 soon as the 2-Plant and FPD work 
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Reliability St?.dies 

BoGlean matrices have prmed to be a useful tool in analyzing systems 
f o r  reliability. Several examples of the application of this technique have 
been worked out, including a practical demonstration of reliability analysis 
as applied to & standby electrical pmer system. 
straightfzmmrd and not laborious for s m a l l  systems, but for larger systems 
the use of a digital computer seems desirable. 

The calculations axe 

Work was begun on providing an analysis of data on acceptance testing of 
new, flareless type tute fittings for NPR. 

Parther work was dane on the problem of designing a Panellit gauge switch 
test prQgram. 

Diffusion Stadies 

An IEM 7090 A.0- designed 30 obtain numerical solutions to transient 
state nonlinear diffusion problems has been written and is in the process 
of being tested. The program has thus far been restricted to one space 
dimension slab geometry with fairly simple boundary conditions. 
rzens on test cases indicate that the method converges fairly rapidly and 
apparently possesses excellent stability characteristics. It is plasned 
to extend the program to more space dimensions as well as to a cylindrical 
geometry. 

Inventory Studies 

A letter prepared by Inventory Accounting requesting AEC approval for 
continuance of the sampling procedures now in existence was reviewed. 
addition, a letter has been drafted to Accounting Services requesting 
information. cm Crrmpany practice ir- scme of the areas associated with the 
sampling pmcedure. 

In 

SZA!!XSZCAL AND M A T K E N T C A L  ACTIVITIES FOR OT-SER HAP0 CoMpoNEEfis 

h e l s  Preparation De-Dement 

Data were analyzed frm a pilot plant test designed to evaluate variuus 
deoxidizing sclctions used in the cleaning of aluminum ccanponents. 

TBbles and graphs for establishing ninety-five percent confidence limits 
on the mean, based on a sample mean and range for saarple sizes from two to 
3ne hundred, were prepared for use in describing certain preirradiation 
chazacteristics of production fuel elements. 

Irradiation Processinp; Department 

A sampling plan was developed for use in determining which 
control rod channels in a reactor should be inspected when 

vertical 
the object 
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of the sample is to get the best over-all estimate of the number of 
cracked blocks. 

Assistance was given in evaluating a proposed continuous sampling plan 
for Panellit gauges. 

’Ihe principle of stratification was employed. 

Chemical ProcessinR Department 

Consultation was provided in connection with the estimatim of variance 
components in measured dimamions of the final product. 

The mathematical theory of and an I’BM 7090 program for the computation 
of gauging data for Gorton lathe x-y templates was completed. 
gauging data for both interior and exterior contour templates of certain 
components were computed. 

A complete mathematical analysis of the problem of positioning and speed 
cmtrol fDr the Gorton lathe was completed. 
method of interrelating and coordinating the four independent controlling 
variables of the lathe, ram displacement, table rotation, spindle speed, 
and feed rate, so as to achieve the correct gecmetrical shape with the 
desired surface finish. 
on magnetic tape suitable for automatic control has been suggested and is 
presently being studied. 

Work continued on the problem of constructing a queueing theory model 
of motor vehicle usage in the 200 Areas. 

Complete 

The analysis provides a 

Amethod of computing these data and arranging them 

Relatians Operation 

Additional s a l a r y  curves were fitted as requested. 
handled rmtinely. 

This service is now 

SmWJ!ISTICAL AI03 MATRESIATICAL ACTIVITIES W I T H I M  €€LO 

2000 Program 

Pulse Colunm Test Facility 

The second set of mid-column photometer calibration data was used to 
construct a calibration function which relates photometer voltage to 
uranium concentration in the aqueous phase. 
which takes account of the significant exponential damping for high 
uranium concentrations, is a much better explanation of the data than 
the previous fitted linear function. 

This calibration function, 

4000 Promam 
Plutonium Recycle 

Further discussions were held to firm up the design of the ID fluorescent 
penetrant nondestructive tests experiment to be run in the near future. 
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More statistical azalysis is being dme on the C3 test data in hopes of 
obtainiw an imprwed correlatLon wit2 the flumescent bath preparation 
vwiakles. 

-her work was &me 0x1 a computer program which fits a quadratic response 
surface when the Wctorlevels of the independent variables are nonorthogonal, 
est-tes the statimary pain+, of the surface, and calculates the confidence 
region for the position af the "true" stationary point. 
written in comection with t h e  evaluation of high energy uranium oxide 
impactiag data. 

Work contbued on the mathematical theory of the neutron flux vector, and 
3n the particle packing pro3lem. 

This program was 

AJLmlillum Corrosion 

Further discussions were held cmcerning the interpretation of a statistical 
analysis of data from m M-400 and x-8001 alloy experiment tc investigate 
the effect of heat treatilzg vasiables an czlrrosian rate. 
was designed to check the first stage parabolic corrosion assumption which was 
used in the analysis of the experimental data. 

An experiment 

Nondestrucfive lkstiag; 

Off-site reference material is being examined to de.termine its applicability 
to the broad band electrmagnetic testing program. 

6000 pr0p;ram 

Biology 

A presentation was made 5.3 personnel of the Biology Operation - the purpose 
being to: 
migratica model to the data frm two mima1 experiments conducted by the 
Biolcgy Operatim; (2) explore the feasibility of conductix future uptake 
and reteztion experimerhs with t5e explicit view of analyziizg the data by 
means of the mUtLc-3nnpartment mcdel. 

Work was b e w  on the statistical analysis of sampling data on the radio- 
isotopic content of m i l k  f'rm semral milk sampling stations located in 
various parts of the ?kited States. 

Work continued on the prc3lem cf constructing a mathematicd model of the 
response of +Bfbolium confis-am (the confucd flax beetle), m-d Tribolium 
castaneum to 1m level irradiation. 

(1) discws results sf applications of the multicompsrtment 

OeocheIt!ical 3iesessch 

A closed f ~ m  s=.lution was ohtair,ed to a partial differential equation 
model foy the spatie; and Cme behavior of the concentrstisn of solate 
m3ving thro-MI-1 a Isre c ~ l ~ ~ i  sf absortdng pla5ee. 
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General 

Instrumentation 

Statistical analysis of data from a reference system calibration study 
was ccxnpleted. Calibration curves with their appropriate confidence 
intervals were determined for the reference system on three different 
scales. In connection with the same program, the calibration of the 
Schaevitz system was initiated. 
a d  indicator in addition to the other instruments for sensing the distance 
traversed by a linear variable differential transducer. 

This system includes an electronic recorder 

Radiation Protection 

Data have been assembled concerning the correlation of badge and pencil 
readings. 
hundred different people, are presently being key-punched onto cards. 
A method to screen out defective pencil data during the subsequent analysis 
has been devised. 

These data, representing about one year's readings on one 

Some additional work was done in determining a proper calibration curve for 
badges. A reasonable 
curve for shielded gamma using all thirteen dose readings in the range 15 mr - 
5000 mr can be presented using the equation previously studied. 

A sampling plan used to test for significant amounts of Pr147 in urine 
samples was evaluated. 
and techniques of hypothesis testing using counted data, and a pertinent 
bibliography was included. 

!Ibis has been extended to unshielded gamma readings. 

Information was also provided on the philosophy 

Spectrqwaphic Analy SiS 

Closed form solutions were obtained to a simultaneous set of twelve non- 
linear algebraic equations which arose in connection with the interpreta- 
tion of bta 

Safety 

A discussion 
the question 

and the identification of elements frcun spectrographic analysis. 

was held with FPD and HIx> safety representatives to consider 
of evaluating HAP0 minor injury records. 

Division of Research Programs 

A subcommittee meeting was held at Hanford during July, which WBS attended 
by several off-site representatives. Initial processing of the IRA master 
file has begun. 
file for gross input errors. 
considered for the reduction of multichannel energy spectrum data. 

BIMD statistical routines are being used to screen the 
Several statistical techniques are being 

1 2 3 1 0 3 9  
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E-7 

XetLods Developent 

A bibliography of statistical techniques f o r  the reduction of composite 
distributions is being canpiled. 
prablem of unfalding multicomponent spectra into their carponent psrts, 
an important prciblem in many areas of research. 

These techniques are applicable to the 

&(*-e= rnerations Research a d  Synthesis 
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PROGRAMMING OPERATION 
JULY, 1961 

I. IUUCTOOR DEVELOPMENT - 04 PROGRAM 

A. PLUTONIUM RECYCLE PROGRAM 

HW-70658 

I3y special AEC request, e f for t  was redirected so that a 
representative group of plutonium and U-233 fuel  values i n  
thennsl reactors can be compiled and transmitted by August 11, 
1961. The inflection of several programs was altered, work 
on many fronts was temporarily suspended and computation e f for t s  
were greatly accelerated t o  fill this request. 
geometry study was altered t o  supply conprat ive resu l t s  of 
U-233, U-235 and plutonium enrichment of u-238 and of thorium. 
This study i s  arratqed t o  embrace essent ia l ly  a l l  thermal 
reactor.designs. To supply data on specific reactor types, 
plutonium (and hopef'ully U-233) recycle w i l l  be examined i n  
de ta i l  i n  generalized versions of APWR, BWR, OMR, and QO 
machines. A gas-cooled reactor case may be run. Also t o  be 
included, w i l l  be resu l t s  of other studies such as the detailed 
analysis of plutonium fueling of the APWR (a reactor described 
i n  TID-8502) and the Russian mrperheat reactor located at 
Beloyessk, Russia. 
necessary by virtue of recent a l terat ions t o  the uranium 
pricing system. 
of e f fo r t s  t o  be described. 

The fuel  

Same normalization of these data is  

The foregoing plans account for  the emphasis 

1. Computer Code Development 

Specialized versions of the QUICK fuel  cost code were 
formulated and debugged so as t o  include the U-233-thorium, 
plutonium-thorium, and U-233-U-238 cycles i n  addition t o  
the U-235-U-238 and PU-u-238 cycles. 
which generalizes MELEAGER data, was similarly extended. 
In addition, a special hunting code was formulated, 
programmed, and debugged so that data can be selected 
from any spot on a "packed" tape for  processing. 
tapes m e  necessary t o  keep data storage costs at  a 
reasonable figure. At one time, before tape packing, 
200 IlEJl tape reels were temporarily "tied up" with only 
par t  of the combined fue l  cycle study. 

The PROTEUS code, 

"Packed" 

UNCLASSIFIED 
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A chained program was written and par t ia l ly  debugged coupling 
the MELEAGER reactor physics code, the QUICK fuel cost code, 
and the Fuel Cost Minimizer code so tha t  successive plutonium 
recycle can be studied automatically. After a given number 
of minimized fuel  cycles the chain then evaluates the 
plutonium values with the PWE code and pr in ts  out all of  
the data. The investigator can then ccrmpare the plutonium 
values from PWE with the estimated v a h e s  inserted i n  the 
code t o  permit computation of the fuel costs. 
can then be improved as necessary and reiriserted i n  the 
code for  another run as many times as necessary t o  achieve 
a desired accuracy for the plutonim d u e s .  

The estimates 

Following i s  a sunrmary of the s t a t u  of several a l terat ions 
made t o  the m’CK program, which computes plutonium v a h e s  
for  equilibrium and near equ i l ib r im cases: 

a. Curve-fitting subroutines were greatly improved by 
Electronic Data Processing persomiel, and BUCK output 
now shows polyfl t  minimum fie1 costs within 0.001 
mills/kwh of the actual data points. 

b. A memory overlap has been corrected by Electronic Data 
Processing personnel. 
data input consisted of more than one case. 
cases a re  now run sa t i s fac tor i ly .  

The overlap occwred when the 
Consecutive 

c. AEC price schedule and plutonium values were changed i n  
PUCX t o  agree with those used i n  QUICK. 
fabricating plutonium buttons was eliminated at  AEC’s 
request. 

Cost of 

d. PUCK output i s  s t i l l  u sa t i s f ac to ry  when the Pu-242 
concentration is se t  equal t o  Pu-241 concentration 
w h i c h  simulates the plutonium composition result ing 
a f t e r  about 20 years of plutonium recycle i n  current 
power reactor tmes. Yor reasons unknown, as yet, 
set t ing this condition on the plutonium recycle physics 
?bugs” the non-plutonium recycle ~ h y s i c s  sections. 
Sucb anomalies often are extremely d i f f i cu l t  t o  correct 
i n  coaaplicated computer codes su& as PUCK. 

2. Rigorous Fuel Cycle Cost Code 

The Fuel Element Fabrication portion of the fuel  cost code 
functions sa t i s fac tor i ly  and can be currently used. There 
are, however, about five known changes which should be 
made i n  the program i n  order t o  simplify iriput and t o  provide 
needed f l ex ib i l i t y .  
undoubtedly w i l l  indicate other areas fo r  improvement and 

Additional experience with the code 

UNCLASSIFIED 
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3. 

4. 

suggest simplified input routines. 
of other ac t iv i t ies ,  the Fuel Elemect Fabrication and 
Jacketing (-TJ) cost demonstratioli t o  date has been limited 
t o  three f a i r l y  complete t e s t  cases and extensive variation 
o f t h e  recycle ra te .  
about as expected. 

On the Nuclear Process Costs (NPC) (i.e.,  the reactor burn- 
out costs) portion of the code, several program stappages, 
incompatiFJilities with physics data, and l imitations of input 
have been sa t i s fac tor i ly  resolved. A ser ies  of variations 
(37 t o t a l )  have been ria of one t e s t  case t o  d e t e d r i e  
whether machine selection of al3ernatives would be made 
properly. Although these resu l t s  have not been ccrmpletely 
analyzed, no important flaws have been detected t o  date i n  
the mathematical mdel .  

Because o f t h e  urgency 

Results ii a l l  instances have been 

The Be-reactor In\-eztory-Batch phase of the computer code 
has been satisfactorilg- completed; however, the startup and 
close-down amortizatior; phase for graded cycles has not been 
programed. 

Phoenix Fuel 

Analysis of nearly 100 computer m s  is  d e r  way with the 
view of generalizing c r i t e r i a  for Phoenix fuel  action with 
proper r a t io s  of effective reactor cross sections and other 
pertinent parameters. By so doing, it is planned that the 
promise of Phoenix fuel  p e r f o m c e  i n  all types of reactors 
can be readily ascertained. 

Plutonium Recycle 

Efforts are under way t o  reconcile plutonium recycle data 
from equilibrium cycles with data from non-equilibrium 
cycles. 
costly t o  obtair_ as  detailed successive recycling is 
necessary. Furthermore, i f  any one of many key parameters 
i s  altered, all previous work mu& be redone. For survey 
work, as maqy as 40 ker parameters are altered which is 
economically Impossf3le with I?on-equilibrfrun cycles. 
the other hand, s ~ c k  variations can easi ly  be done with 
eq-ailibrlun cycle amJysis. 
tha t  will be achieved i n  such reconciliation cannot be 
est.im&ted a t  t h i s  time. 

The l a t t e r  data are more acc-arate but far more 

On 

The relative? degree of succes8 



UNCLASSIFIED F-4 HW-70658 rn 
B. SPECIFIC FUEL CYCLE ANALYSIS 

1. Combined Fuel Cycles 

The purpose of the study was t o  determine the effect  of 
varying reactor geometry and f i s s i l e - f e r t i l e  fuel  compositions 
under optimized conditions. Physics data obtained from 
MEZEAGER are presently being used t o  obtain economic resu l t s  
with the computer code QUICK. 
ten ser ies  of  cases, each ser ies  denoting a pa;rticula;r type 
of fuel composition. 
from 144 t o  272 individual cases were studied with different 
geometric parameters for  each case i n  a ser ies .  
numbers and fuel  types studied were: 

The study was divided into 

For each fuel  cconposition series,  

The se r i a l  

1000-Series - U-235 i n  N a t u r a l  Uranium 

2000-Series - U-233 i n  N a t u r a l  U r a n i u m  

3000-Series - Plutonium i n  Depleted Uranium 
(Plutonium Composition 70$-239,18$-240, 
ll$-2'+1, and 1$-242. ) 

4000-Series - Plutonium i n  Depleted U r a n i u m  
(Plutonium Composition 955-239, 55-240) 

5000-Series - Plutonium Depleted U r a n i u m  
(Plutonium Canposition 3.3s-239, 33.6$-240, 
25.0$-241, and 10.1$-2&. ) 

6000-~eries - U-235 i n  ~horium-232 

7000-Series - U-233 i n  Thorium-232 

8000-~eries - Plutonium i n  ~horium-232 
(Plutonium Composition 70-18-11-1. ) 

9000-Series - Plutonium i n  Thorium-232 
(Plutonium Composition 95-5. ) 

10000-Series - Plutonium i n  Thorium-232 
(Plutonium Composition 3 . 3 ,  33.6, 
25.0, i0.i.) 

!l!he geametric parmeters  chosen were: 
multiplication factor deflned as follows: 

SNF, SCA, SDW, and the 

uNcLAssIFIE!D 
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( a )  SNF = Flux and volume weighted thermal neutron absorption 
cross section of the non-fuel materials of the c e l l  

where g = e 
V = Volume 

3 N = Number of atoms per cm 

Ha = Mcroscopic absorption cross section of 

$ = Neutron flux 

non-fuel material 

(b) SNF then can be varied t o  account f o r  different thermal 
u t i l i za t ion  values 
SCA = Scattering cross section of the fuel  + geometric term 

S 
SCA = SI, = 4~ 

1 
+ 5 or for a round rod 2 

S 

where ss = Macroscopic absorption cross section 

SDW = The slowing down power flux and volume 
D = Diameter of the fuel  rod 

(4 
weighted - 

Scope of the Study 

For each fuel  type, the following method of analysis was 
adopted: 

SNF's of 0.01, 0.05, and 0.09 were chosen. 

For each SNF, two values of SCA were allowed; viz. 1.0 
and 0.5. 
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Each of these combinations of SNF and SCA were then 
studied for four values of  SDPV. The SDPV values 
were: 2, 4, 8, and 16. 

For each combination of SNF, SCA, and SDPV, the 
computer code was allowed t o  search for  the proper 
fuel canbination t o  achieve six desired i n i t i a l  
reac t iv i t ies  : 

1.048 1.165 
1.075 1.225 
1 .lo5 1 345 

In sub-series where the density was varied ei&t 
i n i t i d  r e a c t i d t i e s  were desired. 
above six plus 1.405 and 1.465 . They were the 

General Observations 

As SCA increases, the exposure increases. 

As SUPV increases exposure decreases. 

As in i t ia l  react ivi ty  increases exposure increases 
rapidly. 

Changing SDW has re lat ively l e s s  effect  i f  SCA i s  low. 

As would be expected also, much greater enrichments 
were needed with an SNF of 0.05 a6 compared t o  0.01. 

(For a specific example i n  the 1000 serie+ twice as 
much U-235 enrichment w a s  needed with an SNF of 0.05 
as compared t o  0.01 t o  obtain the same initial 
reactivity.  ) 

As SDPV increased the Westcott spectral index, r, 
decreased rapidly. 

AB i n i t i a l  react ivi ty  increased, r increased. 

In general, r was low (r c 0.1) f o r  SDW'S of four 
or more. 

In each ser ies  doubling the enrichment gave 3 t o  10 
times the exposure. The 2000 ser ies  is an exception. 
The increase i n  exposure with added concentration was 
l e s s  pronounced in t h i s  series.  
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The data *om this study aze now being tabulated so that 
the r e l a t i e  productivity of the various combinations can 
be assessed. One measure being formulated for a l l  of  the 
cases is the enrichment leve l  necessary t o  achieve a 
15,000 MWD/Ton fue l  exposure i n  a standard reactor. This 
figure i s  augmented by a production r a t i o  which is  the 
r a t io  of  f i s s i l e  fie1 density out of  the reactor over the  
f i s s i l e  fuel density in to  the reactor at an exposure of 
15,000 MWD/Ton. from these data, high and low productivity 
cases a r e  selected for each f l s s i l e - f e r t i l e  fuel  combination. 
These cases are examined f'urther with supplementary runs t o  
determine more detailed fuel costs and f i s s i l e  values. The 
detailed costs and f i s s i l e  values can then be used t o  
calibrate the more general figures camputed for each combination. 

2 .  Advanced Pressurized Water Reactor 

The APWR results were sunnne;rized i n  tables aad forwarded t o  
Washington AEC. The computed plutonium values me consistently 
higher i n  this reactor than i n  other reactors studied t o  
date. 
that @lutonium i n  this machine improves the thermal u t i l i za-  
t ion  and thereby has a high vslue; but more particularly, 
Phoenix fuel  action is approached i n  this spectrum. 
data were run with the economic parameters l i s t e d  in 
Table I. 

Perturbations of the primary reactor constants indicate 

The 

Plutonium values for case 14 (standard econcanics) 
i n  the mode yielding over-all lowest fie1 costs are shown 
i n  Table 11. 

operating 

These W u e s  m e  high compared t o  other studies and are 
being checked f'urther even though rechecking t o  date 
confirms these numbers. 

UNCLASSIFIED 



TABU I 

ECONOMIC PARAMETERS FOR STANDARD APWR CASE 

Economic AEC Use Separations Thermal t o  Frsct. of  ??lFJ 
Econcmric Interest  Charge Cost, $/lb Electr ical  7-1-61 U For U 
Case No. R a t  e Rate . Fuel Conver. E f f .  Price Sched. Only Delta 

! 

1 0 .I25 0 .Ob75 0 345 1 .o 60.0 15.0 

2 0 .I25 0 0 345 1 .o 60.0 15.0 

3 0 0 0 345 1 .o 60.0 15.0 

4 0 0 .0475 0 345 1 .o 60.0 15.0 

5 0 .I25 0.0475 0 345 1 .o 60.0 15.0 

6 0 .125 0 .Oh75 o .250 1 .o 60.0. 15.0 

7 0 .I25 0.0475 0 -345 0 95 60.0 15.0 

8 0 .I25 0 345 2 .o 60.0 15.0 0.0475 - 1 
t 4 

! 9 0 .125 0.0475 ; I 0 345 1 .o 30.0 15.0 

10 0 .I25 0.0475 f ; 0.345 1 .o 90.0 0 

IJ. 0 .I25 0.045 i 0 9 345 1 .o w.0 30.0 

I2 0 .I25 0.0475 i 0 345 1 .o 90.0 60.0 

0.345 1 .o 60.0 60.0 

0.345 1 .o 60 .o 0 

.. 

1 .o 0 60 .o 

t i  13 0.125 0.0475 

143) 0 .E5 0 .Ob 

15 .. 0.125 0.04; 1 0.345 

16 0.125 0 .Oh75 0 345 1 .o 0 0 Lk- 7--- d 

* S t a n d a x t i  Economics Case 



TABU I1 

pREmaI?ARx P L U T O r n  VALUES A s  APWR FUEL 
Fiss i le  Plutonium Value 

Plutonium Isotope Batch Composition as Plutonium Nitrate 
Weight Percent 

Pu-239 Pu-240 Pu-241 Pu-242 
$/Gram 

70.86 18 35 9 -06 1 a73 
59 26 2l.14 13 a 7 3  5 087 
53.90 20.88 15 -05 io .17 
49.18 19 38 14.92 16.52 
47-05 18 39 14.42 20.14 

11. OTHERACTIVITIES 

1. Radioactive Heat Sources 

The public statement indicating the scheduled use of thorium-232 
in the fuel  element assembly for the  Dresden reactor (R. L. Crowther, 
!Transactions of the American Nuclear Society, June, 1961, page 22) 
suggests extremely low i r rad ia t ion  costs for the production of 
protactinium-23l. and eventually uranium-232 (the outstanding 
radioisotopic heat source) by use of thorium-232 containing a 
few percent of thorim-230. Such thorium campositions appem 
t o  be recoverable from cer tain uranium ore mill process stream. 
The intended segregation of thorium-bearing fuels a t  Dresden 
specif ical ly  for  the recomry of  valuable U-233 -her support 
expectations for major econcanies i n  any such program directed 
toward protactinium-23l (U-232 ) production. Although the cross 
section of thorill~~-230 is about five timts as great as that of 
thorium-232, the thorium-230 content of  any recoverable thorium 
composition is not expected t o  exceed two t o  five percent. 
Direct substi tution of such materials for re lat ively pure 
thorium-232 is not expected t o  present any significant problems, 

1 2 3 1 0 4 9  

2. Miscellaneous 

C. A. Rohrmann presented a lecture  on "Radioisotopic Power for 
Sa te l l i t e s  and Space Vehicles" for the Aerospace Education 
Workshop o f  the Oregon State System of Higher Education i n  
Portland, Oregon, on July 12. 

Dr. D. R. Griffin, the world authority on echo-location or 
"sonar" among birds, bats, e l ec t r i c  f ishes  and dolphins, has 
agreed t o  be a speaker for a f a l l  meeting of the Hanford 
Science Colloquium. 

' 
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Dr. Harold C.  Urey, Nobel Prize winner and discoverer of heavy 
hydrogen, has indicated willingness t o  participate i n  t h i s  
program l a t e  next year. 

Hanford Laboratories off-s i te  v i s i to rs  to ta l led  188 during the 
month. There was a t o t a l  of 12 foreign vis i tors ,  representing 
five different countries. 

n 

for  Manager, 
Progranrming 

WK Woods:RIJ: jm 
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RADIA%fOB PROTECTION O P F m r n O N  
IEPQRT FOR TBE NUTH OF JULY, 1961 

Effective July 1, R .  Doug Tillson w a s  transferred from Professional Placement and 
Relations Operation t o  External Dosimetry; hgnk H. Sanders w a s  transferred from 
Radiological Development and Calibrations t o  the Radiation Monitoring Operation. 
Effective July 24, Merle C. Olson transferred t o  Reactor ard Fuels Research and 
Development Operation; and Kenneth R .  Gordon transferred t o  Fuels Preparation 
Department. Warren H. Elschoff was reactivated on July 3. =sly H. Szymanski 
Was transferred f rm External Dosimetry t o  Internal  Dosimetm on July 9. 
work force now t o t a l s  139. 

The 

B. ACTIVI- 

occupational Expo sure Experience 

There were no cases of plutonium deposition confirmed during the month; thus, the 
t o t a l  on record remains at  267, w i t h  194 employees on the active roles. 

A CPD process operator received wide-spread contamination t o  his face, neck, and 
hands while working i n  the PFt room a t  the Purex plant. 
readily remuved by i r r igat ion.  Preliminary bioassay samples indicated an in te r -  
nal deposition of about 10 percent of the d u m  permissible body burden of 

Nasal contamination was  

PLl2 39. 

Another CPD process operator received a plutonium contaminated puncture wound 
while handling plutonium turnings i n  the 234-5 Building. 

' Whole Body Counter showed about 0.Q24 pc of plutonium in the wound before exci- 
sion and about 0.003 pc plutonium after excision. Preliminary bioassay resul ts  
were positive but inconclusive. 

Some d i f f i cu l ty  was experienced i n  maintaining good radiation control at the Hot 
Semiworks f ac i l i t y .  
Semiworks caused excessive air contamiEation with radiostrontium. 
one CPD employee were bioassayed. 
but minor deposition of strontium. 

Ekmination i n  the 

Pressurization of the atmosphere of three ce l l s  at the Hot 

Four of the involved persons showed positive 
Ten HLO and 

Two employees avoided excessive exposure when they inmediately l e f t  the D c e l l  
of the Hot Semiworks f a c i l i t y  when tbe dose r a t e  suddenly increased t o  a general 
f i e ld  of about 2 rads/hour. A remote survey indicated that process material was 
lodged i n  a piece of tygon tubing running from a cask t o  a f i l t e r  header and the 
associated dose ra te  w a s  about 500 rads/hour a t  one foot. 

A leaking steam t r ap  from the Purex FTrst Cycle Waste Cell caused th spread of 
f i ss ion  product contanination t o  the environment of the 200 E a s t  Area on July 1. 
The majority of the ground contamination which ranged f r o m  several rads/hour down 
t o  200 c/m was corifined t o  the v ic in i ty  of the Purex plant. No ground contami- 
nation was detected on areas outside of the 200 East Area, although air  samples 

UNCLASSIFIED 
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showed a 10 t o  20 fold increase at  locations i n  the 200 West Area. 
CPD employee was examined i n  the Whole Body Counter a d  showed positive but 
minor deposition of ruthenium-106 and zirconium-niobium-95. 

Four cases o f  uncontrolled localized exposure to  the skin resulted from clothing 
contamination. 
150 rads. 
hour including 5 r/hour. 

One involved 

v to 
The estimated dose to  small skin areas ranged from 1.6 

The l a t t e r  case resulted from glove contamination o f  1.8 x 10 rads/ 

Enviromnentsl Ekpe rience 

Release of radioactive materials from the Hot Semiworks stack 
recent process run was lower by a fac tor  of 50 than release rates  that were 
measured pr ior  t o  the ins ta l la t ion  of the additional ventilation f i l t e r s  last 
month. 
cated an averall  efficiency 03 99 percent. 

during the most 

Stack f i l t e r  samples taken upstream and downstream of  the f i l t e r  indi-  

Recalibration of the Redox stack 50 foot levels%AsIpUng system was completed 
following the ins ta l la t ion  of an extended range p i to t  tube. 
data indicated good agreement f o r  113 results. at  the 20 and 50 foot level  samp- 
l i a g  locations. Concentrations of radioparticles a re  consistently higher a t  the 
20 foot level; this is  being studied further. 

An aerial survey f l i g h t  made Over the Columbia River from Hanford t o  the Fbcific 
Ocean showed a three-fold increase i n  radiation level  of the m u d  .flats a t  the 
mouth of the r iver  as compared t o  the surrounding terrain.  
obtain core samples f i a m  these mud flats f o r  isotopic analysis. 

Preliminary sampling 

Plans were made t o  

A limited survey of islands, beaches and Columbia River from the 300 Area t o  the 
Ringold area was made t o  determine the specific radiation conditions as par t  of a 
f eas ib i l i t y  stuby of expanded use of the r iver .  

Reply forms were received from about 80 fishermen who were contacted along the 
Columbia River, primarily from Richland t o  McNary Dam, by the local  game director 
of the State  Game Department. 
tary habits Will be star ted when additional resul ts  are obtained. 

A tabulation of  these resul ts  of fishing and die- 

Studies aad lmprwements 

Leakage t e s t s  on the ionization chamber finger r ings were compieted and dose rate 
calibrations a re  nearing completion. The rings performed w e l l  t o  exposure of 
various doses and gama energies. For radium gamms, the r ings have a 95 percent 
reliabil i ty of being within f 10 percent of the unknown exposure. Performance 
evaluated with the use of the K-fluorescent X - r a y  source f o r  energies of 16, 58, 
and 100 kev was satisfactory.  Plutnnium metal was obtained from the Plutonium 
Metallurgy Operation for wtual calibration of the r ings  t o  the plutonium low 
energy gemma and X - r a y  spectra. It w a s  found that the rings have essentially 
the same perfomnce characterist ics a t  various charging potentials and can be 
calibrated i n  e i ther  the ver t i ca l  or horizontal position. 
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The use of Polaroid f i l m  w i t h  the pinhole camera was investigated. 
tures procured by this method were excellent. 
not satisfactory i n  that exposures up t o  several r produced no d is t inc t  film 
darkening. 
of X-ray fi lm and exposure t o  establish c r i t e r i a  for  routine use. Radiation 
exposures from 25 mr t o  about 2 r were studied. These studies completed the 
basic study of pinhole camera techniques. 

Design of the film X-ray coding machine t o  provide X-ray fi lm identification fo r  
nonroutine personnel dosimeters progressed throughout the month. 
components necessary t o  fabricate this machine were placed on order. The design 
of the prototype personnel dosimeter was modified t o  reduce th overall weight 
and t o  f a c i l i t a t e  mold construction. 
scheduled f o r  A u g u s t  11. 
out the month of July by External Dosimetry Operation in chaaging the identifying 
lead tape i n  the personnel dosimeters t o  the binary system. 

The automatic fi lm densitometer &s moved to  the 3705 Building for  final adjust- 
ments. 
mental basis throughout the laSt week of the month. 
ca l  positioning of the f i l m  and i n  the performance of the punch eqapment were 
noted following the t ransfer  of the equipment to  tbis new location. 

Optical pic- 
The radiographic pictures were 

A ser ies  of film exposures were made u t i l i z ing  various combinations 

Most of the 

Delivery of the prototype dosimeters is  
The Kensol heat aarking u n i t  w a s  used routinely through- 

Calibration film w a s  processed by the autumatic densitometer on an experi- 
Some d i f f i cu l t i e s  i n  mechani- 

Two double moderator c r i t i c a l i t y  dosimeter systems were received from the off- 
s i t e  fabricator.  X-ray examination of the double moderators showed that they 
were free from voids i n  the paraffin f i l l i n g .  The ent i re  shipment of f o i l  inser t s  
was received. Final performme evaluation of these commercially fabricated mod- 
erators w i l l  complete development ac t iv i t i e s  on this program. Several indium 
f o i l s  were i r radiated with 4.25 mev neutrons to  see i f  the excited s t a t e  of IdL5 
could be readily detected. Foils counted s i x  hours a f t e r  i r radiat ion indicated a 
sens i t iv i ty  of 425 dpm/gm/rad of neutrons. 
used t o  measure the neutron f l u x  above 1 mev i n  both the new personnel dosimeter 
and the double moderator c r i t i c a l i t y  dosimeter system. 

A masumneat of this type w i l l  be 

The 0 .1 inch  s i l icon diodes were irradlated with radium beryllium spectrum neu- 
trons. Very e r r a t i c  variations i n  the f o m d  resistance measurements were 
observed for  doses below 10 rads. 
described, the 0.075 inch s i l icon diodes have been the most sensitive to  fast 
neutron damage. 

Using the measurement techniques previously 

The measurement system used t o  evaluate the forward resistance of s i l icon diodes 
w a s  analyzed. 
ment were made. For example: 
the power supply i n  the c i r cu i t ;  a large s t a n d a r d  res i s tor  was used with the 
diodes for more accurate current determination; and a calorimeter with a motor 
driven stir has been substituted for  the previously used manually s t i r r ed  calor i -  
meter. 
rads f a s t  neutrons from a hiF4 source would be detected with a forward resistance 
change of l ess  than 0.1 percent. 

A number of improvements t o  provide a more reproducible measure- 
a constant current generator was introduced as 

With the new system preliminary measurements indicate that a dose o f  0.2 

UNCLASSIFIED 
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A 40-li ter ionization chamber and a vibrating reed electrometer were installed 
a t  the Whole Body Counter f a c i l i t y  t o  measure the background radiation i n  and 
around the shielded room. 

Acceptance tes t ing and calibration of the 50 high range (0  to  5000 r/hour) CP-TP 
meters neared completion. Twenty-nine of these instruments a re  currently avail- 
able f o r  immediate use and were stored i n  the  south room of the 3745 Building 
pr ior  t o  assignment to  specific f i e l d  locations. 

The new e lec t r ica l  control system f o r  source positioning i n  the north w e l l  was 
ins ta l led  and operated sa t i s fac tor i ly  throughout the month. 
bration exposure positions fo r  the north w e l l  were calibrated by use of the 
standard Victoreen r-meters. Callbration of the south w e l l  w a s  completed. 

All useful c a l i -  

A special study of the Columbia River from H Reactor t o  F Reactor w a s  made i n  con- 
junction with Irradiat ion Processing Deprtnent personnel t o  determine the effect  
of radiation patterns as a resu l t  of shoreliqe discharge of H Reactor aqueous 
waste following plugsing of the ou t f a l l  structure, Dye tests and radiation 
traverses showed that the effluent followed the shoreline almost t o  White B l u f f s ;  
however, no significant differences i n  previous levels were noted a t  100 F. 

. 

A radiological analysis of  the PRTR aqueous waste streams lead t o  the principal 
conclusions that :  (1) methods and procedures fo r  disposal are  good; ( 2 )  monitor- 
i n g  instrumentation and sampl ing  equipment are adequate f o r  determining the exis- 
tence of serious problems but could def ini te ly  be improved; and (3) t h e  ab i l i t y  
t o  obtain accurate data on the t o t a l  quantity of radioactive material being d i s -  
charged t o  the r iver  i s  questionable. 

An evaluation of ewironmental consequences of a serious accident i n  the Fuels 
Recycle Pi lot  Plant w a s  com-pleted and will be issued i n  documentary form shortly. 
With the ins ta l la t ion  of proper e f i l t r a t i o n  and halogen removal equipment the 
worst environmental. effects  of  an accident appear t o  be slight. 

As an aid t o  future evaluations of  the consequences of accidental releases, 
meteorological equations f o r  prediction of areas affected by contaminants released 
at  various stack heights, and under various meteorological conditions are  being 
plotted i n  graphical form. Work w a s  a lso s tar ted on compilation of the t o t a l  dose 
which w i l l  result from internal ly  deposited radiomclides following an acute in- 
take. 

c. VISITORS 

The following v i s i to r s  m e t  with various members.of the m a t i o n  Protection staff 
during the month: 

Prof. M. A. Shapiro, University of Pittsburgh, Pittsburgh, Pa. 
K. M. Taylor, Carborndm C o w y ,  N i a g a r a  Falls, New York 
Dr. M. Maqsood, Ins t i tu te  of Nuclear Science, Tehran, Iran 
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?!,wren E. Nyer, Phill ips Fetroleum Company, Idaho Falls, Idaho 
James S. Smith, Atomic Energy Commission, Washington, D.C. 
JzcB N e i l ,  Atomic Energy of C a n a d a ,  Limited, Chalk River, 

D r .  S.  R. Albrectsen, Ministry of Health, Denmark 
Ontario, C a n a d a  

D. EMPLOYEERELATfONS 

Two suggestions were submitted by personnel of the Radiation Protection Operation 
during the month ard two were-reopened, bringing the year-to-date t o t a l  t o  thir ty-  
two. 
mitted by RPO personnel are pending evaluation. 

Three suggestions were adopted and two rejected. Twelve suggestions sub- 

There were s ix  medical treatment injuries during the month f o r  a frequency of 
3.15. No security violations occurred during tbe month of July. 

Radiation Protection trailllng included orientation on.specific aspects of r a d i -  
at ion protection to:  
Research and Plutonium Metallurgy personnel; and lW?O patrolmen. 

PRTR personnel; new personnel i n  the 327 Building; Biology 

' E .  SIGMFICAmT €EFQRTS 

HW-70402 - "The Estimation of Whole Body Dose from T r i t i u m  by Urine Analysis" by 
T. M. Beasley and L. C .  Rouse. 

HW-70431 - "Analysis of Radiological Data f o r  the Mcnth of June, 1961" by R. F. 
Foster. 

HW-70584 - ''Monthly Report - July 1961, Radiation Monitoring Operation" by A .  J. 
Stevens. 

The galley proofs of the paper en t i t l ed  "A Method of Unearizing Thermistor 
Thermometer Data i n  Calorimetry" by H. V. Lsrson and I. T. Myers were sent t o  the 
publisher of the Journal of  Scientific Instruments. 

UNCLASSIFIED 
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ENVIRONMENTAL MqmToRING - RESULTS - (Mid-June 1961 - Mid July 1961) 

Activity' Monthly 
Average U n i t s  - Sample Type and Location LzEL 

Drinking Water 

100-F Area Isotopic 0 03 $ MPCw-GI* 
Seyaration Areas Gross Beta 6.9 x cr+ 
Pasco Isotopic 2 00 $ MFcw-GI* 
Kennewick Isotopic 1.1 $ MPC,-GI* 
Richland- Gross Bta  e 3.0 x 10-8 W/CC 

Above 100-B Area Gross Beta e 3.0 x 10-8- W/CC 

Columbia River Water 

100-F Area Isotopic 0.6 $ MPCw-GI* 
Banford Isotopic 0 07 $ MPCw-GI* 
Pasco Isotopic 5 .1 $ MPcw-GI* 
McElary Dam Gross Beta No Sample 
Vancouver, Washington Isotopic 0 .4 $ MPC&-GIH 

Atmosphere 

1131 Seperations keas 119 I1a Separations Stacks 1131 
Active Psr t ic les  - ProJect 0 

Active Part ic les  - Environs - 
2.0- x 10-13 w/cc 
0.6 Combined curies/day 

ptle/lOo m 3  5 .6 
0 2% ptle/lOo m3 

* The $ is tb percent of the lpaximun permissible l i m i t  f o r  occupational 
exposure t o  the gastrointestinal t r a c t  calculated from drinking water limits 
contained i n  mBs Handbook 69. 

* The $ -41 is the percent of the m a h w n  permissible concentrations for 
persons in the neighborhood of controlled areas fo r  continuous exposure t o  
the gastrointestinal t r a c t  calculated from drinking water l imits  contained 
in EFBS Handbook 69. - This location is now sampled quarterly. The most recent resu l t  is tabled. 



UNCLASSTFIED (3-7 

PERSONNEL DOSIMETRY AM) RADIOLOGICAL RFCORI>G 

External Exposures Above Permissible Limits 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanf o r d  Pocket Dosimeters 

Dosimeters Processed 
W r e d  Results - 100-280 mr 
Paired Results - Over 280 mr 
Lost Results 

Hanford Beta-Gamma Film Badge Dosimeters 

Film Processed 
Results - loo-300 mrads 
Results - 300-500 mads 
Results - Over 500 mrads 
Lost Results 
Average Dose Per Film Packet - mrad (ow) - mr (4 

Hsnford Neutron .Film Badg e Dosimeters 

Slow Neutron 

Film Processed 
Results - 50-100 mrem 
Results - 106-300 mrem 
Results - Over 300 mrem 
Lost Results 

Fast Neutron 

Film Processed 
Results - 50-100 mrem 
Results - loo-300 mrem 
Results - Over 300 mrem 
Lost Results 

Hand Checks 

Checks Taken - Alpha - Beta-gamma 
Skin Contamination 

Plutonium 
Fission Products 
uranium 

July 1961 to Date 

0 0 
0 1 
0 0 

3,738 
25 
1 
0 

31,010 
352 
16 
0 

io ,  526 70,905 
92 5 6,536 
u 5  749 

1 5  150 
16 192 
6.84 8.75 

20.88 21.05 

1,972 11,562 
0 0 
0 .  0 
0 0 

25 58 

432 2,745 
38 367 
11 106 

25 58 
0 0 

51. 
59 

3 

195 
347 
36 
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ldhole Body Counter 

GE Em$loyees 
Routine 
Special 
Terminel 

Non-employees 
Pre-employment 

Male - Female $2 1961 t o  Date 

104 4 108 400 
2 0 2 45 
0 0 0 2 
21 1 22 50 
0 0 0 0 - - - - 

127 5 132 497 

Bioassay 

Confinned Plutonium Deposition Cases 0 4* 
Plutonium - Samples Assayed 592 3,881 - Results Above 2.2 x Pu/Sample 14 97 
Fission Product - Samples Assayed 732 4,378 

FP/Sample 5 8 
- Results Above 3.1 x 10-5 pc 

U r a n i u m  - Samples Assayed 2 38 1,928 
Biological - Samples Assayed 0 196 

uranium Ansly ses Foilowing Period 
Followlag Exposure of No Exposure 

Units of 10-9 pc U/cc Units of  10-9 pc U/cc 
N u m b e r  Number 

Sample Description Maximum Average Samples Ma.ximum Average Samples 

Fuels Preparation 
Fuels Prepazationw 
W o r d  Laboratories 
Hanford Laboratories* 
Chemical Processing 
Chemical Processirqp 
Special Zncidents 
Random 

Calibrations 

Portable Instrments  

CP ‘Meter 
Juno 
GM 
O t h e r  
Audits 

499 9 0 
0 

24.0 
0 

76.1 
2i6.7 
16.. 4 
1.6 

12.8 
0 
5.2 
0 
5.8 

232 -7  
12.9 

1.2 

61 
0 

23 
0 
37 
2 
4 
3 

14.1 3.1 49 

28.9 4.9 23 

19.7 4.0 34 
8.7 6.5 2 

0 0 0 

0 0 0 

0 0 0 
0 0 0 

Number o f  Units Calibrated 
July 1961 t o  Date 

783 
228 

* The total number o f  plutonium deposition cases which have occurred a t  Hanford 
remains a t  267, of which 194 are currently employed. 

Samples taken pr ior  t o  and after a specific job during work week. 



Personnel Meters 

Badge Film 
Other 

Miscellaneous Special Services 
Total Number of Calibrations 

July 1961 t o  Date 

1,338 10,125 
rgo 2,423 

1,101 5,943 
4,279 32,045 

AR' Keene : 1 j w  

I 2 3 1 0 5 9  



UNCLASSIFIED H-1 

GENERAL 

There were no security violations charged to the Operation. 

There were n3 m J o r  inJaries; the minor injury frequency rate  was 3.45 
fo r  the month and 2.96 fo r  the year-to-date. 

TECHNICAL SHOPS OPERaTION 

Total productive time fo r  the period w a s  16,108 hours. 
12,087 hours performed i n  the Technical Shops, 1,742 hours assigned to  
Minor Construction, 139 hours assigned to other project shops and 
2,140 hours -signed to off-site vendors. Total shop backlog is  19,958 
hours, of which 609 is required in the current mn th  with the remainder 
distributed over a three-mnth period. 
the mnth  w a s  6..3$ (1,002 hours) of the total available hours. 

This includes 

Overtime hours worked during 

Distribution o f  time w a s  as follows: 
Man-hours $ o f  Total 

Fuels Preparation Department 2,739 17 0% 
Irradiation Processing Department 1,334 8.3% 
Chemical Processing Department 311 1*9$ 
Ranford Laboratories Operation 11,682 72.546 
Construction Engineering & Ut i l i t i e s  42 0.3$ 

Requests f o r  emergency service decreaered t o  a leve l  requiring a 6.34 
overtime r a t i o ,  compared to 8.7$ f o r  the previous period. 

A t  the close of the reporting period, there w a s  one open requisition 
fo r  a machinist. 
por t  on August 7. 

A candidate has been processed and requested t o  re- 

There were ten medical treatment injuries,  which i s  considered normal 
for thio type of operation. 

CONSTRUCTION OPERATION 

There were 57 e x i s t u g  J. A. Jones Company orders at the beginning of  
the mnth  with a total unexpended balance of $123,024. 
orders, 2 supplements and adjustaents fo r  underruns m u n t e d  to $105,885. 
Expenditures during the mnth  on IFLO work was $46,933. 
Jones backlog a t  month’s end w a s  $181,976. 

Forty-five new 

Total J. A. 
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Sunnaary 

HI4 cE&W 
Unexpended Unexpended 

No. Balance - No. Balance - 
1 $ 15,488 - -- O r d e r s  outstanriing beginning of mo. 56 $ 107,536 

Isrued during the IW . (Inc.Sup .& Adj. ) 105,885 
J.A. Jones Expenditure6 during 1130. 38,712 8,221 

1 7,267 Balance at m n t h ' r  end 51 174,709 
Orders closed during m. 50 35,379 

45 

(Inc. C.O. costs) 

- -- 

FACILITm EIQGINEERIMG OPERATION 

Pm jects  

A t  mnth 's  end Fac i l i t i e s  Engineering Operation wan representing the Compaay 
on 16 projects havlng t o t a l  authorized funds in the amount of $2,423,300. 
The t o t a l  estimated cost of these pmjec ts  is  expected t o  be $7,708,300. 
Expenditures on there projectrs through June 30, 1961, were $458,000. ' 

The following summarizes the status o f  FEO project act ivi ty:  

Number of authorized projects at  mnth 'a  end 

Number of new projects authorized i n  July 

16 

0 

Projects completed in July 0 

New project proposals submitted to  AEC i n  July 0 

New projects awaiting AEC approval: 5 
CGH-918 - Second Whole Body Counter Fac i l i ty  
CAB-917 - Field Se-ce Center 
CGH-922 - B u r s t  Test Faci l i ty  for  Irradiated Z r  Tubes 
CAB-932 - 300 Area Retention Waste Systems Expansion 
CGH-936 - Coolant System Development Laborator; 

Project proposals complete o r  nearing completion are as follows: 
Modifications to the H-1 Loop - 105-H Building 
H-2 Baaic Film and Comr ion  Loop - 105-H Building 

UNCLASSIFIED 
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Engineering Services 

T i t l e  

Pressure Vessel and Piping Systems - 
Engineering & Inspection Service 

- 

"Split-Half" Machine for  Cr i t ica l  
Mass Studies 

Control and Safety Wods for  Tamper 
Tank (Cr i t ica l  M a s s )  

Special F i l t e r  Changer - CWS 

Material Handling Sywtem and Other 
Shop Improvements - 328 Building 
a) Material Handling System 
b )  Coating Process Improvements 

c) Chuck Handling Pzocedure 

Engineering Studies - 100-F 
Analytical Laboratory 
changes - 3706 Building 

Inducflon Heating Unit - 
3 4  Building 

Install 200 Icw Induction Motor - 
Generator Set  - 306 Building 

Crane Overhaui - 314 Building 

RW-70658 m 

Status 

Th i s  is a continuing work program on 
HIX) vessels, pressure systems and re- 
l s t ed  safety devlces. 
periodic inspection and engineering 
evaluations of plant  pressure systems, 
and engineering service during design, 
fabriation, instal la t ion,  and operation 
to  R&D components having process de- 
vices subjected t o  high pressures and 
temperatures. Code engineering service 
work is being performed on PRTB Systems, 
Breakaway Corrosion Mop, and Eqyipment 
Projects. 

The work includes 

Mechanical desi@ of machine is complete. 
E lec t r ica l  design i s  essent ia l ly  complete. 
Components are being assembled. 

Development work i s  being performed 
p r io r  to compietion of design. 

Tests w i l l  be made during August. 

Work essent ia l ly  complete. 
Material i a  on s i t e .  Work to be complete 
in  August. 
Preliminary work started.  

Engineering service to Biology Operation 
fo r  plan+, maintenance and operation. 

Preliminary plans and cost estimates 
have been pro duce d . 
Design is  complete. 
Completion delayed by lack of  P l a n t  
Forces personnel to install equipment. 

Material 5s on s i t e .  

Work is essent ia l ly  complete. 

Work is complete. 

I 2 3 1 0 8 3 2  
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Drafting and Design Services 

The work load in the 3706 Building drafting mom and i n  the 327 Building 
is steady with WEE over tbe  required. Work loads in 306, 3 4 ,  308, and 
1707-D Buildings are steady with no overtime required. 

The equivalent of 143 deiriepl drawings were coq le t ed  t h i s  month. 

Major derign and drafting work in progress includes the following: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Process Tube Monitor - Mark 111 - 2 dwgs. required - w$ complete. 

Arc Melting Hood - 7 dwgs .  required - complete. 

Autoclave Fac i l i ty  Modification - 308 Bldg. - 5 dwgs. recpired - 
85s complete. 

Special Tools Necessary fo r  PRTR Operation - 38 dwgs. completed. 

Induction Heater Flush Chamber - 
Gas h a p  Test Section - PETR - 4 dwgs. required - 95% complete. 

Ultraronic Development Tank - 13 dwgr. required - 50$ coq le t e .  

U r a n i u m  Scrap Burner (Project CAH-902) - 10 dwgs. required - complete. 

Fission Product Packaging Equipment - 9 dwgs. issued for  comment. 

complete. 

10. Calandria Mock-up for Test Work - Job s tar ted.  

Plant Maintenance Operation 

Coats fo r  June w e r e  $117,006. 
is 101.2$ of the control budget. 

Total cost for  FY 1961 w e r e  $1,581,000, which 

The expenditure fo r  the year w u  1.2s above the reduced budget. 
principal areas which contributed to t h i s  were improvement maintenance 
aad 8tea2n cortr  both of w h i c h  ran 6$ above forecast. 

The 

WMte Dispo8al and Decontamination Service 

Wute Dispolral and Decontamination work pmceeded without unusual changes 
in  operation. Some overtime work w a s  performed to clean up ap3J. l~ .  

Plant Engineering and Miscellaneous 

Approximately 21,000 square feet  of p r in t r  were repmduced during the 
month. 

The t o t a l  estlmated value o f  the nine requisitions issued during the 
mnth  w a s  $21,000. 

I 2 3 - i O b 3  
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The contingency maintenance work of research equipment mves i s  pro- 
gressing i n  326, 306 and 231-2 B u i l d i n g s .  

A design i s  being prepared for  special a i r  conditioning fo r  room 22-A, 
326 Building. 

Plans have been mQde fo r  replacement o f  contaminated ductwork fo r  room 
324 i n  the 325 Building. 

Elec t r ica l  load8 on BIX) buildings are being recorded and studied. 

Painting continued in 329 Building. 

The exposed w a l l s  and ceilings in the 3745 Building, except X-ray mom 
are being covered. 

TECHNICAL I I 9 F o W I O N  OPERATION 

The AEC has approved topics pmposed by HAP0 fo r  c lass i f icat ion of in te r -  
mediate and l o w  level l iquid w a s t e s  from chemical processing plants.. In- 
terested personnel were advised of the new topics by memo "Classification: 
Liquid Wastes From Chemical Processing Plrnts".  

Thirteen pages of the Hanford Clarsification Guide were revised this mnth, 
incorporating new classif icat ion i t e m  and changes in instructions which 
have been received over the past  few mnths. 

The f i r s t  draft of the General section fo r  the new loca l  c lars i f icat ion 
guide fo r  Hanford w a s  distributed t o  select  HAP0 personnel f o r  review 
and comments. This section covers the general. aspects of Hanford and 
i ts  operation such 88 s i t e  description, maps, photogrwhs, u t i l i t i e s ,  
construction, e tc .  
the new guide is  being undertaken. 

Work on drafting the fuels preparation section f o r  

The Document Catalog Analyst compiled and issued an up-dated t i t l e  l i s t  
on the PKPR. 
played in  the 3760 Building display mom. 

A sample supply of formal r e p o r t s  on the PEtfR w a s  also dis -  

The microfilming program i s  proceeding on schedule. 
currently issued documents was begun at  HW 70,000 and w i l l  be a regular . 
Files procedure f r o m  now on. This w i l l  eventually mean t h a t  HW &cumentr, 
a f t e r  a retention period, can be destroyed without further checking since 
a lnicrofilm copy of  the report  wi l l  already be in Files.  

The microfilming of 

The paperwork i n  connection w i t h  aending periodicals t o  the bindery has 
been simplified by eliminating the separate purchase order formerly re- 
@red for  each shipment. Beginning in  July, a single requisition was 
submitted to cover binding for  the ent i re  Fiscal Year. 
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Wcrk Volume S ta t i s t i c s  

Document Distribution and Fi les  

H-6 

Documents muted and discharged (copies) 
Documents issued (copies) 
Documents sent of f - s i te  (copies) 
Document reserves f i l l e d  (copies) 
Documents picked up and delivered 

Document Accountability 

Holders of c lass i f ied documents whose f i l e s  

Documents inventoried in F i les  (copies) 
Documents destroyed o r  retired (copies) 
Documents revised (copies) 
Documents pulled and documents f i l e d  (copier) 
Documents reclassif ied 
Documents micmfilmed 
Accountable copies o f  SECRET and DOCUKEXITED 

were inventoried 

COmFIIEIRFIAL do c-nts on-rite 

Reference and Publication 

Boob cataloged (new t i t l e s )  
Books added to  the collection (volumes) 
Ready reference cpestiona anwered by 

Literature rearcher by profesrional s t a f f  
Reports abstracted ( t i t l e s )  
Formrl repor ts  prepared ( t i t l e s )  
o f f - r i t e  recpestar for  HAPO reports (copier) 
Reports released to CAP ( t i t l e s )  

pmfess iond  staff 

Library Acquisitions and Circulation 

Books ordered (volumes) 
Periodicals ordered 
Books circulated (volumes) 
Periodicah circulated (issues) 
Inter-Library loans 
Film8 bornwed o r  rented 
Industrial film showings 
Bound periodicals added to  the collection 
Bound periodicals d i 8 C f ~ d e d  

14,850 
13,049 
6,281 
504 

15,749 

217 

4,346 
658 

ll, 543 
45 

2,985 

191,832 

-- 

99 
275 

170 
65 
227 
18 

328 
27 

372 
64 

1,300 
3,151 

97 
7 

46 
80 

177 
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Library Collection : 

M a i n  Library W-10 Library 108-~ Library Ind. Med. - Tot& 

No. of books 3i,913 8,661 1,818 2,058 44,45c 

No. of bound 
per iodicdo 14,828 17 23 16 789 1 , 9 a  - - - 

46,741 8,678 3,139 2,081 61,239 

Classification and Declrssification - June .July 

Documents, including drawings and photographs 
reviewed for  downgrading o r  declassification si2 49 
Documents and papers (intended fo r  o ra l  presentation 
o r  publication) reviewed fo r  appropriate classificatinn 45 25 

Documents submitted t o  Declassification Branch, 
O a k  Ridge 3 2 

JL Boyd:jw 

f 
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C l X C D  P R I C E  

COST P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N n E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

O E  FIELD E N G I N E E R I N G  

SCOPE.  P U R P O S E .  S T A T U S  b PROGRESS 

3elivery of the 68 tons of steel shielding and the six, one and one-half ton casks w r e  
&e &urirg +Le month. 

Prtze temporary 3ristol-Siddeley blm-er was operated a t  atmospheric pressure and a t  l25 
psig 6% 3%-ing the  month. 
temperatme testing. 

Pipe insulation is i n  pogress  in p r e p a t i o n  for  

CONST. 

PF 
CPFF 

FP 

S T A R T I N G  

F I X E D  P R I C E  

COST P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESION E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD B N G I N E E R I N O  

100 95 63 

57 90 75 
43 1m 10.2 

A G  TIT. I I 

I I 

I I II I 
S C O P E .  P U R P O S E .  S T A T U S  b PROGRESS 

F a i b r e  of fixed price contractor t o  canplete work on schedule delayed the st81"; cf the 
b m  Contractor ' 8 work -=til 6-27-61. 

%e bderrrtor storage tank and tke reactor assembly have been installed. 
9: %?e piping starteb. 

Installatiolz 

A rsaised prc3ec.f; proposal requesting an extension of the scheduled completioa date is 
b i r g  circulated fo r  approval. 



SEMI - MONTHLY PROJECT STATUS 

COST & CDMM TO 

T A R T I N G  

P L A N T  CORCBS 

A R C H I T E C T  - E N Q I N E C R  

D E S I O N  E N G I N E E R I N G  O P I R A T I O N  

G E  FIELD B N O I N E E R I N O  

TITLE I FEO - KA Clark 
M A N  POWE R 

FIXED P R I C E  AC- TI% I I 

NS 12 CONST. 100 

35 P F  

716 CPFF 

.2 6 FP 

COST PLUS n X E D  C L C  

P L A N T  C O R C C S  

h R C H l T E C T -  E N G I N E E R  

DESI G N  E N G I N E  E R I N 5  O P E R  A T l O N  

O S  WELD E N G I N E I R I N G  

I 1 I I  1 I I 

S c o p e .  PURPOSE. STATUS c ~ q o o r r ~ s r  

!!!his proJect will provide facilities for determining physical and mechanical properties 
~f irradiated materials, and involves the installation of a cell i~ the 327 Sldg. 

%e prolect propdsal requesting total project funds ts being reviewed by the :ZAP0 
General Managers office. 



CIXCD PRICE 

COST P L U S  n X C D  C L K  

P L A N T  C O R C U  

A R C H I T E C T -  C N O I N L L R  

DCSlQN L N O I N L C R I N O  OCCRATION 

O C  W L L D  C N O i N C C R I N O  

I C O P C .  PURCOSC. S T A T U S  b PROORCSS 

This project w i l l  allow greater capacity fo r  analytical  work involving today’s more 
5- radioactive solutions and consists of adding a shielded laboratory t o  the 
325 Building. 

Tae sewer l i ne  has been relocated and tested,  and the vacuum exhaust stack has been 
relocated. 

T3e plumbing subcontractor has star ted in  on the plumbing modifications in the basement 
of the 325 Building. 

The e l ec t r i ca l  subcontractor has completed the hook-up of the temporary power. 

Drivir;g of the  sheet pil ing aruund the existing transformer stat ion has been s tar ted.  

P u n t  forces have relocated 3 pipes, an exit light and a f i r e  alarm box in the 
basement of the 325 Building. 



STATUS REPORT 

E N G I N  E E R  

P D G  - PC Walhp 
m A N  POW E R A V E R A G E  

FIXED P R I C E  

C O I T  P L U S  F l X t D  FEE 7 140 
P L A N T  F O R C E S  

A R C H I T S C T -  E N G I N E E R  

DESIGN EN G I N  E LRI N G  0 P E R  A T I O N  

GE FiELD E N G I N E E R I N G  

-Now inclules equipment installation in both the annex and B ce l l .  

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESI ON E N G l N k E R l N O  O P E R A  T l O N  

G E  FIELD L N O l N l E R l N O  I /  I I I 

1100 I 1001 l a  Itrp I 
I I I1 I 

SCOPE. PURPOSE.  S T A T U S  b PROGRESS 

,This project will provide a facility for recovery of specific radioisotopes f r o m  
mates, and involves an addition to the 325 Building. 

E= work is completed. 
3 clesi$n change for eitaer a chemical make-up hood or a longittidim; floor tc ceil- 
psl.t;i+,ion, but t b  contractor's two claims that have rfsen to $51,000 w i l l  prohibiC, 
t9is. A reply to the contractor's cairn has been written to tLe Commission. 

R e m a i n i n g  fmds in the project were planred to be sent on 

m e  
elaim fa still outstanding. 

I 2 3 1 0 1 0  



I 

SEMI -MONTHLY PROJECT STATUS REPORT 
E-12 

GENERAL E L E C T R I C  co. - Banford Laboratories 

BE0 - E. RSdW 

C l X E O  C R I C L  7 350 
A V E R A G E  A C C W  M A N D A Y S  M A N P O W E R  

COST P L U S  C l X E D  CEE 

P L A N T  CORCES 

A R C H I T E C T -  E N O I N E E R  

DES1 QN E N G l  N B E R I N G  O P E R A T I O N  

G E  F1ELD E N Q I N E E R I N G  

~ 

nw- 70658 
DATE 7-31-61 

I I I 

SCOPE. PURPOSE.  S T A T U I  b PROGRESS 

E i s  project involves a f a c i l i t y  fo r  deliberately rupturing tubing t o  establish 
SErviCe!  conditione. 

*E@ construction phase of the ja3 is  essent ia l ly  complete; huwever, overall  completisl; 
%6 lagged badly because of lack of progress in the ins ta l la t ion  of eqtlipmect. E l 8  
is  main&- due t o  delay i n  receipt of contractor procured equipaent. 
notifieil t?le coatractor regartling his l i a b i l i t y  f o r  any damages that may be incurrel 
ai? a result of his f a i lu re  t o  meet the contract completion date. 

The AEC has 

PROJ. NO. F U N D I N G  T I T L E  

I I 

s COST & COMM. TO A L C  S 
h u T n o R i z E D  FUNDS 

DLslGN 

M A N P O W E R  A V B R A G E  ACCUM M A N D A Y S  

E D  T O T A L  COST 3 

6E-TIT. I I 

CONST. W T ' D .  SCHED. A C T U A L  

EN.GINEER l lDESl6N I loo I 

F I X E D  P R I C E  

COST P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESIQN E N G I N E E R I N G  O P E R A T I O N  

O E  FIELD E N O I N E E R I N O  

~ 

I AE- TIT. I 1  
I 

CONST. 100 

PF 

CPFF 

FP 

I 2 3 1 0 1  I 



70658 nw- 

DATE 7-31-61 13-13 
SEMI -MONTHLY PROJECT STAJXlS REPORT 

GENERAL ELECTRIC co. - %&ora Laboratories 
I TITLE 1 C U N D I N Q  

coat  PLUS C ~ X L D  CLE 

PLANT C O R C C ~  

ARCMITCCT-  E N O I N C L R  

DCSIQN L N Q I N P K R I N O  O Z K R A T I O N  

O L  PiCLD E N Q I N C C R I N O  

CO"''. 100 

PC ll 6 
CPCC 

CP 

1 I l l  I I I 
SCOPC. PURPOSE, STATUS b PROORCSS 

Tbis project pro~des additional space for biological research supporting serdees, 
and i3mlma an addition to the 108-s % i l d i n g .  

me &C k e l d  a contractor-information me%* on 7-2b-61. 
ahntloned co~crete footings were uncovered &wing excavation for the new buildfng. 
P i p  lines, 3ome obsolete, and not shown on the drawings were wcovere3. 
obstructions am3 relocaeion of some drain lines are underway. 
being prepared. 

A pre-bid conference ma held by Purchasing Operation on fAe Rsdiation 5aing 
facility order. Represelitativea f r o m  Gemera1 Mills snkl Pacific Metal Products 
a t t m d d .  The bid opening was scheduled for August 22, 1961. 

~mai&raUe rantities cf 

Remval 3: 
A design change is  

*Ee aontrrretor b s  presented a schedule to the AEC for approval. 



I 

I 

I 

F U N D I N G  P R O J .  NO. I T I T L E  

FIXED P R I C E  

C O S T  P L U S  F I X E D  F E E  

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESIQN E N G I N E E R I N G  O P E R A T I O N  

G h  FIELD E N G I N E E R I N Q  

S C O P E .  P U R P O S E .  S T A T U S  b P R O Q R L S S  

PAS project provides f a c i l i t i e s  for  the conduct of corrosion an6 decontamFnatlcr. 
s t d i e s  f o r  nuclear reactcr coolant systems, by the addition ~f a 2700 sq. fc. 
';ajc.rato-ry facility on the weat side of the 1706 KE Building. 

%e gro-sal was sz?WLtted t o  HOG-AEC on 6-28-61. 

Egc-AEL' a?prG-Jed It 02 7-6-61 and forwarded it to  the Washingto2 office of the AES 
011 &Gy 14: 1961 with a request fo r  approval. 



Hw- - .!/ -1 SEMI--MONTHLY PROJECT STATUS REPORT . - 

1 PROJ. NO. I T I T L E  

I 

I FUNu1Nu 

-qC - ?A ?Ark 
A V E R A G E  ACCLM M A N D A Y S  m A N P Q  w e R 

FlXLD P R I C E  

C O S T  P L U S  F I X E D  F E E  

P L A N T  FORC(LS 

A R c n i r s c r -  ENGINEER i- 9 50 
OLESION S N G I N E E R I N G  O P E R A T I O N  

GT F I E L D  E N G I N E E R I N G  

FIXED P R I C E  

C O S T  P L U S  F I X E D  FEE 

C L A N T  CORCES 

A R C H I T E C T  - E N G I N E E R  

OESIQN E N G I N E E R I N  0 O P E R A  T l O N  

G E  F I E L D  E N G i N E E R l N Q  

-3i3 p r o j e c t  k i l l  increase the 3asin capazity comemixate with the k c r o a s e d  
v c l i ~ e s  hc i led .  
if rsq-lired? aad still ?emi t  adeqmtte s a p l i n g  t u e  f o r  +ks norm: f k w .  

The pA..c.:e@7: p r o p s a l  was sGWtted  to EGO-AEC f o r  authcriration on 5 - 5 4 : >  
Sevirw of t h i s  project was deferrsd by khe EOO-BE@ R3viex 3 a r d .  

-&%sed ca ai' sJthorization by 6-1-61. 

This -d1i pe,nis txm6ier  $0 crik waste of contamixitrd vast? 

TITLE I 

GE-TIT.I I 

A€- TIT. I I NS ? 

CONST. 100 

PF 

CPFF 

FP 



HW- 
SEMI -MONTHLY PROJECT STATUS REPORT 6 

DATE 7-31-61 
H-16 

G E N E R A L  E L E C T R I C  CO. - Hanfozd Laboratories 
F U N  D I N G  I TITLE 

P R O J .  NO. 

... . . . . . - .. - . . 
F I X E D  P R I C E  

COST P L U S  F l X E D  F E E  

P L A N T  FORCES 

A R C H I T E C T - E N G I N E E R  

D E S I G N  E N G I N K E R I N G  O P E R A T I O N  

01 F I E L D  E N G I N E E R I N G  

T I T L E  

I I I I I  I 

S C O P E .  P U R P O S E .  S T A T U S  L P R O G R E S S  

This project will provide a f a c i l i t y  fo r  specialized spectroscopy work. 

DATE AUTHORIZED 3-27-61 EST'D. T A R T I N G  D E S I G N  5-1-p D e s i a N  7-1-61 
)*TIES CONST.  8-1- 1 DIR. COMP. DATE 2-28-62 DATES CONST. u-1-61 COM PL. 

E N O I N  EER 

E"E3 - RC Inmrso l i  
M A N P O W E R  A V E R A G E  ACCUM M A N D A Y S  

FIXED P R I C E  

C O S T  P L U S  F I X E D  F E E  

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

Ail material is on s i t e .  
instal la t ion is i n  progress. 

A l l  ductwork has been fabricated and installed.  C e i l b g  

P E R C E N T  C O M P L E T E  

W T ' D .  S C H E D .  A C T U A L  

DESIGN 100 NS ?O 

GE-711. I I NS 30 
TITLE I 

AE- TIT. I I 

CONST. 100 0 0 
PF 

CPFF 

FP ---- 

3 M - 7300 -042 ( 2-6 I ) aIC.61 nICYLANo. w.8~ 



m 
LjCl i HW- - . - r  .? 

1 'i I ;4 SEMI -MONTHLY PROJECT STATUS REPORT 
E - i  7 

D A T E  7-31-61 G E N E R A L  ELECTRIC co. - Hanford Laboratories 
, _. . _._. ~ 

:OST PLUS PIXED C a r  

CONST. 

Pf 

CPfF 

FP 

3 L A N T  F O R C E S  

h R C M l T E C T -  E N Q l N E e R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

GE FIELD E N G I N E E R I N G  

'R OJ .N 0. T I T L E  

CAE-921 C%ological & Hydrological Wells - I 

40 il 100 

7 NR 
0 

97 ?O 

- 
9 

SCOPE. PURPOSE,  S T A T U I  b PROGRPSS 

m s  project involves the continued d r i l l i ng  of  special  research, tes+, and monitorhg 

?ontractor is working two 10 hour shifts with one r i g  and one 10 hour shift on t k  
second r ig .  He is now 2s behind schedule wlth 105 calendar days l e f t  t o  completc 
4050 ft. of drilling. 

C i x e D  PRICE 

COST PLUS C i x e D  FEE 

P L A N T  FORCES 

A R c n i t E c r  - ENQINEER 

DESIGN E N G l N O O R l N Q  O P E R A T I O N  

It FP 

GE FIELD ENGINCLRINO I I 

SCOPE. PURPOSE. S T A T U S  b PROGRESS 

This project will provide f a c i l i t i e s  t o  permit deliberate destructive tes t ing of 
irzadiated zirconium tubing. This w i l l  provrtde operating and tube life data not 
now available because of the limited operating history of Zircaloy-2 pressure 
tx3ing i n  reactors. 

%e proJect proposal has been forwarded by a00-AEC t o  AEC, Washington, with - - -  
recommendation f o r  ailthorization. 

*Based on AEC authorization 11-1-61. 
I 

i 23IOlb 
I 

SM--7300-042( 2-68) Aac.01 IICWLIID. m a n .  



M A N P O W E R  
F IXED P R I C E  

C O S T  P L U S  FIXED FEE 

P L A N T  F O R C E S  

A R C H I T E C T -  E N O l N E e R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

O E  W E L D  E N G I N E E R I N G  

5 F I X E D  FEE . 
P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

O E  F I E L D  E N G I N E E R I N G  

3 i s  pmJect w i l l  sapplement existing cooling units, thus providing cooling air 
~ q p l y  commsnsurate Kith heat load and outdoor tem3eratures. 

Directive AEC-188, dated March 3, 1961, authorized the project and assimed 
managenent to the AEC. 

TJ=IICs arrived on p'ant 7-17-61. 
work is b s h g  hstalled. 

I 

Work Authority was issued &-1&6i, to the G.E. Company. 

2 units have been placed and tLe amociated dues , 

A€- TIT. I I 

CONST. 100 

PF 

CPFF 

FP 

1231011 
1 

3 M -7300 -042( 2-61 ) r\ec.oc nicnuno. WASM 



FM> - RW DSSC-ZO 

COST PLUS P I X L D  CCC 

PLANT C o R c c a  

A R C H I T E C T -  C N Q I N C C R  

DCSIQN L N Q I N C L R I N Q  O C C R A T l O N  

OC n C L D  LYQINCLRINQ 

SCOPE.  CURCOSC. S T A T U S  k PROQRLSS 

This project i a  t o  provide a facility to p r f o n n  a full scope of  engingering t e s t s  
and p i lo t  plant studies associated with fuel reprocessing concepts. 

The m i s e d  m j e c t  proposal fo r  detai l  funds has been approved by HOO-AEC and 
has been forwarded t o  Washington D. C. AEC for a p v a l .  

AEC Work Authority Number CAH-916 ( 2 )  dated July 13, 1961 was received authorizing 
another $50,000 t o  G.E. f o r  continuation of design. 

A review was made of control cost estimate and as the budget was exceeded, reductions 
are being made t o  bring the estimated costs within the budgeted direct  cost figurs. 

A linea& concept of Hot Pi lot  Cells was investigated and abandaned as it was approxi- 
mately $3000,000 over the Cri ter ia  concept. 

Two floor p u s  t h a t  showed promise during the scoping stage were developed further 
and are  being reviewed. 



E N G I N E E R  

:OST P L U S  F l X E D  FEE 

* L A N T  F O R C E S  

k R C M l T E C T -  S N G l N E S R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

O E  C i E L D  E N G I N E E R I N G  

SCOPE. P U R P O S E ,  S T A T U S  b PROGRESS 

This project w i l l  allow performance of radioecological studies under local emirozi- 
mental conditions. It consists of constructing field facilities for this purpose. 
Anroval signatures for project drawings and specifications were obtained 5-31-61. 

AE- TIT. I I F I X E D  P R I C E  

COST P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESION E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  

CONST. 

PF 

C P F F  

F P  

Wovay Engineers. 

?ontrac+or work started 7-12-61. 
'dyout work locating the facilities essentially complete. 
area is partially complete. 

Road stabilization to the site 9G$ complete. 
The fire break around the 

100 

*3asEd on AEC authorization by 8-15-6i. 

I 2 3 1 0 1 9  
3 M - 7 3 0 0 - 0 4 2 (  2-61) ~ r e . c t  nICYLAmD. whcw 



A V E R A G E  A C C W  M A N O A Y S  GE-TIT.Il 100 100 M A N P O W E R  
FIXED P R I C E  A G  TIT. I I 

C O S T  P L U S  PlXED FEE 

180 CONJT. 100 3s 
PF 100 NS 

P L A N T  FORCES 5 

D E S I G N  S N G l N E B R l N G  O P E R A T I O N  165 
A R C H I T E C T -  E N G I N E E R  

CPFF 

FP o'E F 4 E L O  E N G I N E E R I N G  

,The construction schedule has been forwarded to HOO-AEC f o r  approval. 

109 

50 
5c 

One-half of the installation force has been diverted to other work at the ETR. 
Instaliation progress has slowed proportionately. 

PROJ. NO. TITLE I 

mo - RI( waldman (ITITLE I 1 

F I X E 0  P R I C E  

C O S T  P L U S  FIXED Fee 
P L A N T  FORCES 

A R C U I T E C T  - E N G I N E E R  

D E S I G N  E N G l N E E R l N Q  O P E R A T I O N  

G E  F I E L D  E N Q l N E P R l N O  

SCOPE.  P U R P O S E .  S T A T U S  b PROGRESS 

AE- TIT. I I 1 
I I 

0 I o  1 100 COMST. 

IIPF 

I I 

This projecC, provides a means of making uranium scrap material safer f o r  storage 
and off-plant shipment by conver+,ing this scrap to a stable uranitrm oxide. 
facility will be adjacent to the 333 3uilding. 

The 

*Accepted by the General Electric Compaay 5-i7-61. 

1 2 3 1 0 8 0  
I M - 7300 -042 ( 2-61 ) aIC.aa I icnuno. WASH. 



' I X E D  P R I C E  

:OIT P L U S  mxeo FEE 

S L A N T  F O R C E S  

4 R C H I T E C T -  E N G I N E E R  

DESIGN E N G I N E L R I N G  O P E R A T I O N  

GE FIELD E N G I N E E R I N G  

PROJ. NO. 

SCOPE, PURPOSE.  S T A T U I  b PROGRESS 

TITLE 

I I 

~s r .0 .  
COM PL. 

DATE AUTHORIZED 
TART'NG DESIGN 

) IDIR. CDMP. DATE D A T E S  C O N I T .  
CONST. 

This project provides supplemental ventilation and i m t a l l a t i o n  of a f i r e  
detection system i n  the 231-2 Bldg. 

- 
P E R C E N T  C O M P L E T E  

W T ' D .  SCHED. A C T U A L  

DESIGN 100 

Dcr; igs  ?q CE&UO is underway. 

Work on rPmva.1 of air  conditioning filters was 6t&ed on July 10, 1961 by J. A. Jones 
forces. This was performed t o  expedite the work on th5 hood. 

ACCUM M A N D A Y S  

TITLE I 

6E-TIT. I t  

AE- TIT. I I 
M A N  P O W E R  

F I X E D  P R I C E  

COST P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I Q N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

A V E R A G E  

CONST. 



UNCLASSIFlED 1-1 

momsS1okJAL pIAcmmm m 
RELATIONS PRACTICES OF'ERATION 

The Tv new f i l m  on the Cr i t i ca l  Mass Iaboratory has been completed and cleared. 
Release w i l l  be made shortly. 

EMPIX~YMEM~ (professional) 

Advanced Degree - Four candidates v is i ted  RAP0 for  professional emgloyment inter-  
views. 
FPD); four offers  were accepted (all EL) and four (all EL) were rejected. 
open offers  total eleven. 

BS/MS - Five experienced candidates v is i ted  for  interviews; eleven offers  were 
extended; six acceptances and five rejections w e r e  received. 
total eleven. 

mine offers were extended (all EL - two were j o i n t  offers  w i t h  IPD and 
Current 

Current open offers  
Program recruitment consisted of one extended offer ,  one acceptance 

. and one rejection. 

Technical Graduate Program - Seven Technical Graduates were placed on permanent 
assignment. 
nated. 

Thirteen new W e r s  were added to the program rolls and one terml- 
Current prograa members total 86. 

'PMtative assignments i n  EL and IPD have been agreed upon for  four members of 
the AEC Technical Training Program. The trainees w i l l  arrive early i n  September. 

(mon-Professional) 

Nineteen requisitions were f i l l e d  during the month w i t h  a t o t a l  of 32 active 
requisitions remaining to  be filled. 

0. E. Boston, Manager 
Professional Placement 
and Relations Practices 

UNCLASSIFIED 



UNCLAsSIFlED 1-2 

I LS 
0 0 3  

I Ex 

U-F w r w  

UNCLASSIFIED 

1 2 3 1 0 8 3  



1-3 

C - Technical Graduate Program 
Month ending July 31, 1961 

Number Personnel on Assignment 
(HAFQ Tech Grad Program . . a . . e . . . * .  .73 
(Engineering & Science Program . . . . .l3 

Distribution of Assignments by Departments 

IPD 
HI4 
CPD 
FPD 
cui0 
CEWO 

Distribution of Assignmnts 5y Function 

Resesrch & Development or Engineering 
Other 

86 

30 
36 
I 2  
6 
1 
1 

61 
25 



UmCLASSIFIED J-1 

FINANCIAL OPEBATION MONTHLY REPORT 
JULY 1961 

Personnel 

There were no changes during the mnth  of July. 

Activit ies 

G m  ACC-G OPERATION 

The following i s  a sumnary of action on approval or agreement l e t t e r s  o r ig i rmt iq  
in W o r d  Laboratories snd the  current s t a t u s  of each: 

Rnnber 

AT-52 

~ ~ - 1 0 4  

AT-105 

AT-170 

AT-171 

Expanded U s e  of Whole Body 
C-er 

Mssion Products Dispersal 
Handbook 

Symposium on The Biology of 
Transuranic Elements 

Company Utilization of Plant 
Fbc i l i t i e  s 

Delay i n  Msposition of Residence 
of 'Pr8nsferred Einployee 

Movement of Hause TYailer 

Movement of House Trailer 

s ta tus  

Resubmitted t o  C o d s s i o n  for  
appro- on 6/29/61 

Still being considered by AEC 
(Submitted 3/17/61) 

AEC Washington is considering 

In process. Sent t o  Commission 
6 / U / 6 l .  Approved 7/12/61 

To Commission 6/23/61. Approved 

To Commission 6/23/61. Approved 

To Commission 7/13/61. Approved 

7 / W l  

7/10/61 

7/20/61 

A new t ravel  form "Disposition of Tickets" was adopted and placed i n  effect  during 
the month. 
portation t icke ts  issued him by the Company. 
t o  complete reporting of t r i p s  a t  Company expense. A new system has been developed 
which Will make it possible fo r  HLO employees traveling on Company business t o  pick 
up t ravel  advances in the  form of e i ther  cash or Company checks in the form of 
fifty dollar denominations inmediately upon demand from the cashier i n  the 3702 
Building. 
t ions Only. 

This reqyires that each traveler ce r t i fy  a s  t o  the  disposition of trans- 
This cer t i f ica t ion  Will be required 

Henceforth checks fo r  t ravel  advances w i l l  be in fifty dollar denomina- 
This new procedure w i l l  be placed i n  effect  during the first week of 

A?agus+, . 
A major revision t o  the Travel and Living Ekpense Manual was issued. 
included (1) the additios of a new chapter covering the use of private aad Govern- 
ment vehicles on o f f i c i a l  business, (2) reporting reqgirement covering disposition 
of t fckets  furnished by the Compaqy, (3) changes i n  available discounts on reo ta l  
autos, and (4) res t r ic t ion  placed 011 t rave l  by private plane. 

This revision 

UNCLaSSIFXED 
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The se?ni-anaual Index cf Revisiom t o  the AEC Mmual issued far compliance was 
distributed t o  interested par t ies .  

New and revised OPG's issued during the 

Ti t le  - mew Revised Number - 
X 305.2 Tuition 

X 22.1.3 Reactor 
X 
X 
X 

X 
X 

X 
X 

3.4.7- 
55 09 
6.6 
9.1 
9.2 

7.1 
7 .lo 
3.4.12 
3.105 
22.1.2 
3 *= 
3.2.5 
3.4.14 

month a re  listed below: 

R e f u n d  Program 
and Fuels R&D Organization 

Sol ic i ta t ion how m l a y e e s  
Forms Review 
Conflicts of Interest  
Contracts and Purchase Orders 
Procurement of Equipment, Nterials, Services and 

Supplies 
Responsibility for Security 
Weapon Bta 
m%nsfers and Promotions 
Assistance t o  Familities of Deceased Fhployees 
Chemical R&D Organization 
Holidays 
Overtime Lunches 
Removal from Payroll 

The follow-lng HLO OPG's were cancelled: 

99.4.1 
99.4.2 

66.1 Contracts aad Purchase Orders 

O f f - p l a n t  D i p s  V i a  Government Automobile 
Accidents Involving Government Vehicles - Motor 

Vehicle Safety Responsibility Act 

Contracts processed in  July included: 

DnR-l28 Zak Mschiae Works 
DIR-llg 
ATB-HLO-1-62~ General Engineering Laboratory - Pump Development bs Deming C m  

Poritsky aad Apkarian 

A table  of contents by subject m t t e r  was developed for active approval l e t t e r s .  
Seventeen categories including miscellaneous were established. 

There were nineteen AM: M,snual Chapter revisions received, de ta i l s  of which a re  
covered i n  a separate monthly repast. 

Action a8 indicated occurred on the following project during the month: 

New Money Authorized HLO 

CAB-916 n e l s  Recycle P i lo t  Plant $50 mo 



A t  the request of the Commissioa, a special report was prepared as  t o  the amount 
of mirradiated,  uranium bearing scrap, generated i n  the Mvision of Reactor Devel- 
opmezt (04) Program ia custody of BL3 a t  June 30, 1961, and an est-te of the 
m t  of scrap which m y  be generated in FY 1962. Quarrtity on hand at Jime 30, 
1961, was 851.535 lbs .  and estimated quaatity t o  be generated i n  l!Y 1962 is  
2,486.8 i b ~ .  

The physical inventory of movable cataloged equipment i n  custody of Laboretoq 
Auxiliaries was taken dur ing  the month. 
by EL0 Property Accounting was completed and the r e su l t s  forwarded t o  C&AO for  
t he i r  review and completion of reconciliation. 
custody of  Radiation Protection and Lsboratory Ewipment Pool a re  i n  progress. 

Reconciliation of the inventory flndinginag 

Inventories of equipment i n  

Project uni t izat ion work on Project CGH-907 - Strontium-90 is 50% complete and 
954 completed on Project CGH-785 - In-Reactor S t i i e s  Equipment - 105 KW. 

Tota l  investment i n  HLO FTant and Eqyipment in  Service a t  June 30, 1961, amounted ~ 

t o  $67.3 million compared t o  $43.9 million at June 30, 1960. 
$23.4 million represents major projects such as PRm, PFPP, 306 Building Addition 
and other projects of lesser  magnitude. 
investment at  June 30, 1961: 

The increase of 

The following is a summsry of EL0 plant 

Building and Structures $27 915 132 
Equipanent 38 203 615 
U t i l i t i e s  1 054 939 
Improvements t o  Iand 130 a 6  

$67 303 902 

Ninety-three items valued at  $51,989 were received a t  the Iaboratory Equipment and 
Material POOi during the month. Twenty-four item8 valued at $10,744 were loaned 
or  transferred in lieu of placement of requisit ions and 7 items valued at $3,546 
were withdrawn by custodians. There are currently 775 items valued at $288,886 
in  the Pool of which 66 items sued a t  $28,778 are  held fo r  the coavenience of 
others and 11l items valued a t  $lh,258 are  uncataloged type items. 

COST ACC@JN!I!ING CPEBATIOX 

The Fi 1962 control budget was assembled f o r  July reporting using info--mation con- 
tained i n  *he i n i t i a l  AEC Finaxis3 Pian and the proposed deps,rtmental allocation 
cf f a d s  by the General m g e r  - BAPO. Mst program allocations are f a i r l y  firm 
based on the ixltial AEC Mnar;cial Plan, hovever, a few s t i l l  require confirmation 
and allocation within W o r d  Iabcyatories. The operating cost control budget for 

1962 t o t a l s  $26,371,000; tentat ive control budgets for capital  equipment by AEC 
program are a s  follov: 

20 Program 
03 Program 
04 Program 

$1 600 OOO 
50 ooo 
800 000 

99 000 
170 000 

$2 719 000 

UNCLASSIFIED 
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Hw-70658 

An interim authorization of $100,000 of the $375,000 total authorization for 
FY 1962 has been received from UCIXL to cover research and development on Project 
Whitney. 
ment purchases for  Project Whitney. 

Also, a FY 1962 authorization of $25,000 was received for capital equip- 

Special requests established during the month were as follows: 

Accounting 
Code Activity 

.1T Energy response calibrations of the APED instrument. Estimated 
cost - $70. 

.2A Research aad development on plutonium a l l o y s  for Argonne N&tional 
laboratory. Additional authorization - $30,000. 
Consulting of J. J. Fuqwy on meteorology problems with APED. .4G 
Estimated cost - $1,000. 

.4H Wyandotte Chemical Corporation - Cost of shipping irradiated 
samples. 

.4J Turco Products, Inc. - Cost of shipping irradiated samples. 
As a result of changes made by AM: in the "budget and reporting classification" 
effective July 1, 1961, several new research and development program codes were 
established. Active cost documents were code changed and FY 1961 costs were recast 
to the new program classifications to facilitate cost analysis and budget planning 
by AM: personnel. The new program codes established and those cancelled during 
the month were as follows: 

Tltle - New Codes 

.42 
43 

.44 Terrestial and Fresh-Water Ecology 
* 45 
.46 Radiological and Health Physics 
47 Radiation Instruments 
70 Tbxicity of Radioelements 
34 Ill-1 Loop Operation 

Combating Detrimental Effects of Radiation 
Molecular a,nd Cellular Level Studies 

Atmospheric Radioactivity and Fallout 

Cancelled Codes 

.10 Environmental Sciences 
-70 Biological Resewch 
71 Biophysics Research 
72 Dosimetry 
73 Instmentation 

A new cost center, "Rezards Analysis - PRP", code 7510, was established July 1, 
1961, to accumulate salaries, material and service charges incurred by this 
fbrnction. 

I 2 3 3 0 8 8  UMCLASSIITED 
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HU-70658 

The quarterly Capital EQuipment Expenditure Forecast was prepared for &anford 
Laboratories and submitted t o  CoEtract Accounting. 

Cmrtesty Discounts Issued t o  HLO Ekployees: 

$1 640 
332 $m $Z!a 

Issued by HIX) Personnel Accounting 

ma my 19 t o  JW 31 

Issaed by Other HAP0 Personnel Accounting 
Total July 1961 

121 
Ixrring the recent inspection of appliances purchased under this plan the inspector 
found one Air-Conditioner not considered installed in employee's home as required 
under the conditions of the plan. The employee agreed t o  return the $55.00 
discoilnt t o  the ccolIpaqy. 

ThiTty-rZine employees have deferred 183 days of vacation fmm 1961 t o  1962. 
emplcfyees have been granted the privilege of banking their l l t h  a d  12th years 
vacation days so they will be e l ig ib le  for 15 days vacation s t a r t i n g  i n  1963. 

Seven 

Payroll s t a t i s t i c s  
Yon- mumber of HLO Einployees 

Changes During Month - Total e E.s?!& 
Ehployees on Payroll a t  Beginning of Mnth 1 432 700 732 

42 25 17 Additions and Transfers In 
Remsvals and Transfers. Out 

Ehployees on Payroll a t  Ebd of Month 

M i c i p a t i o n  i n  Empiwee Benefits 
P U S  a t  Month B d  

Pension Plan 
Insurasce Plan 

Personal Coverage 
Dependent Coverage 

Stock Bonus P l a n  
savings Plan 
Savings and Security Plan 

K.S. savings Bonds 

22 m 10 
TE 

12 zz 
June July 

July June 
Mumber Percent lhmber Percent 

1 255 99.4 1 235 99 *4 

387 
1 024 99.9 

377 
1 016 99.8 

66 33.5 68 34.3 
79 5 04 80 5.6 

86.8 1 092 87.0 1 on 

UNCLASSIFIED 



Insurance Claims 
Ehployee Benefits 
Life Insurance 
Weekly Sickness and Accident 
Comprehensive Medical 

Comprehensive Medical 
Dependent Benefits 

T o t a l  

Good Neighbor Fund 

mUmber Participating 
Percent Participating 

J-6 HW-7065 P 
July June 

Number Amount Number Amount 

- $ -  - $ -  
I 2  832 8 497 
32 5 367 35 6 524 

$18 020 - I22 - 
12 235 8n. 

a $19 256 

972 
66.9% 

944 
65.9% r 

Acting ger - Finance 
A u g u s t  14, 1961 

t 2 3 3 0 9 0  
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INVENTIONS OR DISCOVERIES 

HW-70658 @: 

A l l  persons engaged in work that might reasonably be expected to  
result  in inventions o r  discoveries advise that, t o  the best of their  knowledge 
and belief, no inventions o r  discoveries were made in the course of the i r  
work during the period covered by this report  except as l isted below. 
persons fur ther  advise that, for  the period therein covered by this report ,  
notebook records,  if any, kept in the course of their  work have been 
examined for  possible inventions o r  discoveries. 

Such 

INVENTOR 

L. C. Lemon and 
W. T .  Ross 
R. G. Wheeler 
W. I. Steinkamp and 
P. A .  Ard 
K. C. Knoll 

E. J. Wheelwright, L. A .  Bray  
F. P. Roberts and R. L. Moore 

F. P. Roberts 

R. F. Burch, Jr. 

TITLE OF INVENTION OR DISCOVERY 

Head Welded Swageable End Cap, 

Reactor Fuel Element Support 
A P r o c e s s  f o r  Nuclear  Fue l  Element 
End Closures  
Increasing the Selectivity of 
Clinoptilolite f o r  Cesium 
An Integrated P rocess  for  the Recovery 
and Purification of Milti-Kilocuries 
Quantities of Fiss ion Product Strontium 
f rom a Purex  Crude Strontium 
Concent r a t  e (HW- 70 3 3 6) 
Isolation of Cerium by Anion Exchange 

Invention in Fabrication of Uranium 
Dioxide Single Crystal  Spheres By 
Means of Grinding 

HW-70187. July 5, 1961. 

(HW -7 0 403) 

UNCLASSIFIED 


