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BVDGETS AND COSTS 

V HW-69822 

May operating costs totaled $2, 218> 000; fiscal  year-to-date costs a r e  
$23, 407- 000 o r  8870 of the $26, 664, 000 budget. 

Hanford Laboratories research  and development costs for May, compared 
with last month and the control budget, a r e  as follows: 

c o s t  
{Dollars in Thousands) Current Last FY 

Month Month To Date Budget 

HLO Programs 
02 Program $ 6 5  $ 70 $ 575 $ 661 
04 Program 706 917 a 694 9 835 
05 Program 60 71 720 806 
06 Program 23 1 180 2 LO5 2 402 

t3-704 -- 
1062 1 2 3 8  12 094 

IPD Sponsored 232 190 2 820 3 170 
161 160 1804 1994  -- CPD Sponsored 

$1 455 $1 588 $16 718 $18 868 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

?o 
Spent 

87?0 
88 
89 
88 
88; 
89 
90 

8970 

- 

- 
-- - 

Construction continued on the PRTR complex. 
Facility is estimated at 9270 completed versus  100% scheduled. 
Facility building is estimated at 99. 370 complete versus  100% scheduled as 
of April 20, 1961. 
proceeding on schedule, and the gas loop construction is 83% completed 
versus  9570 scheduled. 

The Maintenance and Mockup 
The Critical 

The PRTR and PFPP paving and landscaping c o n t r a c  is 

I 
Work has commenced on a reduced capacity water  plant to meet the immediate 
PRTR secondary coolant water and rupture loop coolant water requirements. 
The previously designed water plant structure has been revised to inchde 
only two export pumps and correspondingly modified auxiliary equipment. 

a PRTR s?ar%up proceeded into the power test  phase. 
the report  period ion exchange res in  and other foreign material w a s  found 
to be  lodged in PRTR fuel bundle crevices and otherwise dispersed t,hrough 
the pr imary coolant system. After cleanup, power tests w e r e  initia7ed. 
The reac+or operated at power levels up to 15 MW, accumulating approxi- 
mately53 MWD of core  exposure before shutdown on May 18. On May 7 >  
fission product activity w a s  detected in the containment vessel  air and in 
the primary coolant. It is not yet clear whether +his activity came from 

At the beginning of 
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a fuel rupture or f rom "tramp" uranium contamination. After the shut- 
down of May 18, chloride and fluoride contamination of +he primary coolan: 
w a s  discovered. 
of 91.1s damage, and inquiry into its origin a r e  m progress. 

Investigation of the extent of corrosion damage. correcticn 

The mechanical sea ls  and neoprene seals  in all  three primary pumps were 
replaced during the month. All  three pumps had overheated during opera- 
tion at pr imary system temperature of 415 F, causing sea l  damage. 
was concluded +hat the helium evolved during cooling at the primary seal  
and during depressurization at the secondary seal w a s  a larger volume Than 
that of which the seals could purge themselves. 
to furnish cold D20 injection to each primary pump and to protect the system 
in case of future overheating. 

It 

Modifications have been made 

During the period of PRTR power operation it w a s  found that xenon effect3 
a r e  about as previously calculated. Also, PRTR shielding w a s  found to be 
satisfactory except for some neutron streaming through large penetrations 
rn the bottom shield. Cadmium wrapping has been added to reduce +he 
potential for neutron activation of s tamless  s teel  components. 
measurements are planned at higher power levels to check these early 
results.  

Fur+her - - 

A calculational study of the reac-&.rity effect of logs of PRTR primary coolant 
as a function of coolant and moderator purity 1s being performed. Resul+,s TO 
date indicate. that for loss of up to %en percent degraded {with light water) 
coolant, there will be no positive reactivity e'fect for moderator degradations 
of ten percent o r  less.  

An addition of a third channel to the log N flux monitoring syst,em w a s  begun. 
Triplication of the log N system should improve reac?or t ime operating 
efficiency by reducing the number of spurious safety circuit tr ips.  

R e s  ea r  c h 
of two for 

82. 

on Pu02 and on the U02-Pu02 system indicates :he possibi:-+.y 
m s  of Pu203,  the possibility of eutectoid decomposition of 
and complications in the U02-Pu02 system. 

Two injection cast  plutonium - aluminum alloy capsules have s u  c. cess  fu 11 y 
completed irradiation tes t s  in the MTR. 

Arc fused U02 evolved five t imes as much gas af+er swaging as The unswaged 
material. 
since the specimen had been exposed to the a w  for two months. 

Tes ts  a r e  being made to determine the source of +he evolved gas 

Extensive sub-grain s t ructure  w a s  newly observed on polished and ecched 
columnar grains of U02 produced during ;rradiat,ion of swaged or vibra- 
tionally compacted U02, vibrationally compacsed e l ec~rodepos i~ed  V02, 
and sintered U02 pellets. 
dar ies  is further evidence of fission product reloca+ion which continues 

Collections of void along these sub-gram boun- 

I ? 5 2 N  I 
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+,o be revealed by additional autoradiographs of CUT and ground Yransverse 
faces of irradiated C02 fuel rcds.  

Special PRTR Mark I swaged U02 fuel elements w t h  thermocouples 
embedded along %he axes of fuel rods have operated satisfac-orily dcr:ng 
power operation conducted :o date. 

Lrradiation of a fhree-foot long nested tubular fuel element containing vibra- 
tionally compacted high energy impac: formed U02 continues wit.hout, irnucual 
incident in the ETR 6x9 loop at an estimated maximum surface heat flux cf 
300,000 BTU/hr-ft2. 
A tubular Zircaloy-clad vibr3t.ionally compacted U 0 2  test  eleme n: (HAPO-6) 
recently discharged from KEA- 1 after accumulating approximately 150 
MWD/T shows no externally visible change. 

About 330 MWDIT exposure has been accumulated. 

t 

The first significant irradiation of hot swaged U02 (4-rod cluster)  is -XI 

progress  in the MTR. An U02 - 10 w / o  Tho2 m l x h r e  w a s  vibrationally 
compacted to 86% TD 190% compaction efficiency) in 1.120" OD x 0. 030"- 
wa l l  stainless s teel  %ube, 12" long. 
MTR. 

The element will be irradiated in :he 

The irradiation of KSE-3 single tube metallic fuel elements to exposures of 
2OOC , W D / T  have, in general, been successful. 
played no shortcomings. 

The braze closure has dis -  

In the investigation of the metal iner t  gas welding process for final closure 
of NPR fuel elements, the apparatus has been automated. 
exclusive of positioning the fuel, takes slightly more than three seconds YO 

complete. 

The entire cycle, 

High quality welds are being produced. 

h the development of a modified N P R  closure utilizing copper as  a bonding 
medium, difficulty was encountered in producing a continuous bond free cf 
smal l  non-bonded areas. 
ex?ernal retaining ring on the end of the element has now produced bonds 
f r ee  of any deteczable discontinuity. 

Use of a post-pressing heatlng cycle wi:h an 

Detailed studies of NPR inner tube extrusions with and without. cladding have 
s t a r e d  TO show a fair correlation between the plane of shift and the plane of 
warp. 
be related %o warp. 

Wall thickness variations-are also being explored to sect if they can 

The sixth NPR rupmre test w a s  conducted in +he ETR using a specimen prev- 
iously irradiated to 400 MWD/T in KER. A slight increase in pressure  drop 
accompanied by increased loop activity caused +he Test ':o be terminated in 
one hour. 

An NPR inner tube self-support made with reverse  folds in 30-mi! :h;ck 
Zircaloy-2 s?rip w i l l  replace *he arched ',ype iinless flow Tests, discharge 
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tes+,s, or irradiation tes t s  reveal  unforeseen deficiencies. 
w i l l  hold 1000 pounds without crushing o r  causing a shear  load on ?be spot, 
welds, whereas the old design either crushes o r  breaks the spot welds at 
400 pounds load o r  less. 

The new design 

A computer prggram w a s  wrixen fo r  the analysis of fluted cylindricai reac-  
tor fuel elements. Cladding deformations and s t r e s ses  can be estimated for 
a rb i t ra ry  shapes and any number of convolutions. A technique for welding 
end caps in fluted elements has been developed employing e-ec+,ron beam 
welding. 

The operating temperature of Zircaloy-2 creep capsule H-2 is considerably 
higher than originally anticipated. Contammation of the helium atmosphere 
within the capsule is suspected to be :he caLse of a considerable redtctron 
in heat transport  within this capsule. A modification has been made m the 
design of third generation capsules to reduce heat generation and Transport 
pro b le ms  . 
A breakaway type of hydriding in Zircaloy-2 samples has been observed- 
about the t ime the hydrogen content in the metal reaches the hydrogen 
solubility limit at the temperature of the corrosion test. 
comes from samples having the same surface a r e a  but of different thickness 
exposed at 400 C to a mixture of hydrogen and water vapor. 

The evidence 

! Fifteen Zircaloy-2 tubes fo r  the overbore test at C Reactor have been pro- 
duced by a new fabricating process promising over-al: metal yield f rcm 
sponge to finished tube of about 75%. An ultrafine grain struc+.ure is 
developed, making increased amounts of cold work per  tube reduction pass 
possible. 

! 

The third thermocouple slug for measuring *,he temperarure drop across  
crud deposits was successfully charged into KER Loop 1, but; rnpnired 
six hours after reactor  startup. 
a circumferential split in the cladding near the end cap and also a 1ongi:udi- 
nal split over the two holes for thermocouples. 
in the Radiometallurgy Laboratory w i l l  be made TO determine the cause of 
f ai lur e.  

Visual examination in the basin revea'ed 

A more detailed examinazon 

The addition of smal l  amounts of iron oxide during %he manufacture of 
graphite a l te rs  the dimensional changes during irradiation, During 30 C 
irradiation the t ransverse growth of the g r a p h t e  to which iron oxide had 
been added w a s  4370 greater  than that for graph tes  without addmire. 
Since qraphizes which grow at a high ra te  during room-temperature srradi- 
ations normally contract at a !ow r a t e  at high f;emperatures, these resul7.s 
suggest that The dimensional srabiliTy of graphite at high temperatures may 
be imprcved by additives. 
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Heat yransfer experiments were completed f.0 allow a prediction of the fuel 
t ,emperaxres during -.he shuydown Transienf. foilowing a rupture of :he inlet 
pipmg TO a process Tube on a BDF '.ype reactor. 

The determinations of maximum heat transfer capabilities of the NPR %be- 
in-tube fuel elements were continued. 
out data points were obtained using an electricaliy heated test secT.ion. 

Foryy-eight additional boiling burn- 

A report  was issued covering Laboratory investigations of the critical dis-  
charge of steam-water mixturei from uniform flow passages. Ln addixon, 
experimental work was also devoted to a s a d y  of the discharge of hot water 
to the atmosphere through short  tubes having sharp entrance edges. 

2. Chemical Research and Development 

Initiation of large sca!e, strontium-90 recovery operations at the Hct Sem:- 
works resulted in %he accumulation of about 150,009 curies of product,. The 
recovered ma%erial met all specifications for radiochemical and ner: - 

impurities. In addition, 25, 000 curies of strontium-90, obtained from High 
Level Radiochemistry Facility operations, were absorbed onto :he DPca!so 
bed of the HAPO- 1A cask for shipment to ORNL. 
June 1, 1961.) 

.The cask lef? HAP0 on 

Studies were continued on the preparation of strontium-90 bearing glasses, 
As expected, the sohbili iy of the glasses in boiling water increases wi:h 
strontium content while the higher meltmg glasses exhibit lower so':: bi!.:%ies. 

I A procedure has been developed for the scavenging of radionurlidps from 
NPR decontamination wastes. The scavenging agent, manganese dioxide , 
in alkaline solution, was  found to remove about 99, 95.. 90 and 50 percent 
of the cerium, strontium, zinc and cobalt radioisotopes, respectively. As ' 

reported las: month, The treated waste wi!l be disposed $0 ground in a crib 
north of Gable Mountain some five miles from the NPR site. 

Several minerals which show promise of utility for t h e  decontam;na::on of 
reactor effluent waters were evaluated on the basis nf P-32 absorp:ion. The/  
two most efficient minerals- sodalite and epidote 1 
and 47 percent, respectively, of phosphorus-32 in lOQO bed volumes of 
reactor effluent water. 

were found to remove 60 

- 

Samples of water f rom the Columbia River and ifs major tributaries a r e  
currently being analyzed to determine ?he source and ,oncenTra+,1on nf parent 
materials responsible for radioisotope formation when ths wa?er 1s ilsed 
to cool the Hanford reactors. 

The u s e  of a radiant heat spray calciner as a liquid w a a e  concentrator was 
demonstrazed. 
gases permitted high volume reductions wiThout fouling of beat, transfer sur- 
faces. 

Low Temperature of reactor operation and recycle of hot 

ammm 1 2 5 2 t r . 1 4  
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3 .  

Batch :pot) calcination of simuLated Purex high leve; waste admixed w::h 
borax and phcsphoric acid rpsui:ed in severe corrosion of the c:a:n:ess 
steel  pot. Negligible corrosicn is exper:enced in The absence of b o r a  
and phosphoric acid. 

Basic faasibi!ity of a spray calciner utilizing an internal flame as  .he heat 
source- vice radiant, heat from :he hot, wall, w a s  demors.rated. 

Strazigraphc studies hayie shown that :he "bke  plays" o r  lower beds of 
.he Ringold formation between Richland and Columbia River mile 348 #&site 
of the proposed dam3 are  interiaced with extensive gravel %rains. 
patterns of ground water in such aquifiers a r e  anticipated to be complex and 
may have significance to the movement of underground wasres. 

Flow 

h addition to extensive and broad smdies underway to elucidate the basic 
chemistry of uranium, plutonium and fission products in molten salt. sys:ems, 
it has been found +h..at self-supporting, dense UO2 compacts can be grown 
electrolytically under a wide range of condit,ions. - 

Canditions for the photochermcal reduction of uraniumi,%-il) to  1iranium:IV) 
were adjusted such that the yield in nitric ac:d-hydrazine so!ur:on was 
roughly equivalent to that obtained previously in nitric acid-formaldehyde 
solutions. Hydrazine bearing solutions are desired for PJrex p: ant appkca- 
tion {i. e. .  to obviate the use of ferrous ion as The plutonium r+dl;c:ant!. 

Physics and Instrument Research and Development 

Advances were made in +he computational programs for reactor physics. 
The NFR lattice cell was successfully analyzed with :he RBC code giving 
good agreement with experiments and other calculations. 
+.he input subroutine for HFN, the mu1t:-group neutron diffusion Yheory code, 
increase :ts speed by twenty percent. 
cri t ical  mass  calculations for homogeneous syst.ems. . 

Improvements to 

A new code w a s  developed for iise in 

Fur-her HLO-CPD experiments w e r e  completed to improve the nuc 'ear safety 
l i m i x  for one s tep of the 234-5 Building process. The mass IimiT- for  a Food 
w a s  Increased a factor of three as the result qf m situ measuremenyj: of ne'i- 
tr on mu lziplx atio n. - 

More eeonomica; and reliable circuits have been deve:oped for the p r v n -  
%ype Fast and Slow Scannmg Type Fuel Faiiure Monitor. 
scanner has now rotated continuously for three months wi th  saxsfacmry opera- 
Tion of the mechanical sys:em and the e1ec:r;ca: Slip rings. 

The pro:ot;ype 

Improvemen: of r e a c o r  nuclear insfrumentaxon w;il be aided by design of 
a ceramic Tube cathode follower circuit which has operated reliably at 300 C. 

' 
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BeCer analyses of production reactor safety are being obtained with a new 
nineteen-region r e a c o r  analog sirnulaxion being Ixed to evaluate The effec: 
of safety rod malfuncrron on speed of control. 

A very small  re lease rate of lO@C C02 gas into the air has been deteced. 
by infrared radiometry. 
could be used tc help locate costly helium gas leaks at the production r e a c o r s .  

Further work is planned to determine if t h i s  method 

Development of theoretical methods for predicting neutron energy spectra 
wi l l  be aided by evidence of neutron self-shielding in PuAl alloy fuels found 
in a PCTR experiment. 

Improved predictions of fuel isotopic changes during irradiation wiX be 
obtained with fuel and moderator neutron temperature data from the PRTR 
critical tests. 

The HLO developed Process/Shroud Tube Annulus Gauge operated satisfac- 
torily during the first inspection of PRTR tubes since the reactor has  operated. 

In the extended lifetime Neutron Flux Monitor program, attention is being 
given to the effects of reactor temperature changes on the response of detec- 
tors  using PU isotopes. 

Mathematical analysis of data obtained with the broadband eddy current non- 
destructive testing equipment shows a need for more definite experimental 
data. New circuits have been devised for this purpose. 

Sensitivity of the developmenta- ;herma1 nondestructive test is now sufficient 
%O detect 1 /8-inch-diameter defects in coextruded Zircaloy-clad fuel core - 
to - jacket bonds. 

In the study of graphite damage mechanisms, irradiation and measure- 
ment difficulties at liquid nitrogen temperature w e r e  overcome. 
changes were measured with good accuracy and reproducibility. 

Resistance 

Three different studies w e r e  begun at  the whole body counter to provide 
rnformation on a new scanning technique, the usefulness of a shadow shield, 
and on backgrounds encountered in countma R-32. 

- 

Progress w a s  made in the development of miniature thermo!uminescen+ 
doelmeters, However, further improvements in gamma energy independence 
are needed at low gamma energies. 

Activities in A i r  Force supported programs in Atmospheric Physics increased 
during the month with startup of diffusion experiments at Cape Canaveral. 
Florida, Qn May 15, as scheduled. By month end: eleven experiments had 
been completed, providing dosage measurements to a distance of I. 5 miles 
f rom a source near ground level. Data collected during These experiments 
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I will conprise  an important, addition to the data collected at  Hanford for  
evaluating topographic and regional influences on atmospheric dispersion 
patyerns. 

4. Biology 

From X-ray sensitivity tes ts  it appears that vuwlent columnaris s t r a n s  
are diploid, while the non-virulent a r e  haploid. 
ing is confirmed, it may comprise good evidence for the improbability of 
Hanford production being associated with increasing the virulent strain. 

If this very impor+.ant find- 

Population studies indicate this has been the most successful Canada goose 
nesting season since comprehensive s-dies began in 1953. 

Ability of yeast to absorb potassium, phosphate, and glucose w a s  found to 
decrease in D2O. 

Roots of plants killed by boiling w a t e r  or by freezing resulted in grea te r  
uptake of calcium than in unharmed plants. Elucidation of fundamental - 
physiological processes  in plants may be forthcoming. 

Swine being fed SrgO showed more rapid uptake of Fe5' into erythrocytes 
from the se rum than did control swine. 
indicator of bone damage. 

This may be a new, sensi?ive 

"Paducah dust" exer ts  most of its hazard through chemical toxicity-- 
presumably uranium. 
damaged. 

In dogs that inhaled the material, kidneys appeared 

5. Programming 

The recently announced AEC price-reduction for uranium (from $39.27 
to $23.50/kg U for natural-enrichment UF6 effective July 1, 1961) will 
reduce total fuel costs for many typical power reac tors  from about 
3 mills/KWhe to about 2.5 mills. 
the uranium use-charge from 4.0 to 4 . 7 5  percent offsets the above reduc 
tion only very slightly. 

The simultaneous effect of increasmg 

The e c o n o k c s  of recycling plutonium through a salt-cycle process is 
influenced substantially by %he relative s ize  of plutonium-enriched zones 
in the reactor.  This factor affects both the reprocessing plant costs and 
the penalty per g ram for fabricating plutonium-bearing fuel. However the 
burnout costs appear to be relatively insensitive to the s izes  of the zones. 
for practical  cases.  

Last monthjs study of the potential hazards and estimates of accident. l iabil-  
i t ies for shipping (3-137 is being extended to include shipping Sr-90 in 
various forms. 
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TECHNICAL AND OTHER SERVICES 

In the accelerated nondestructive testing of NPR pressure tubes, 22-1/2 miles of 
tubing were tested, counting the multiple inspections of each tube by several  test 
methods. 
surface where +hey can be readily removed by surface conditioning. 

Many indicated defects have been found to be within five mils of rhe 

No new cases of plutonium deposition appeared this month. 
267, of which 194 a r e  currently employed. 

Totals remain at 

Emissions of strontium from the Hot Semiworks to the atmosphere totaled 100 mc. 
No significant personnel exposure occurred. 
presently being installed to reduce emissions. 

At a periodic Columbia River Advisory Group (CRAG) meeting a recent environ- 
mental exposure evaluation of the Hanford vicinity prepared by the U. s. Public 
Health Service was  discussed. Within the framework of their assumptions, the 
calculated doses are in approximate agreement with the values derived and 
reporbed locally. 
situation than we presently hold. 

High efficiency stack fi l ters are 

However, the conclusions reached implied a more s e r i o u s  

There are 20 currently active projects having combined authorized funds in the 
amount of $19> 999, 000. 
Total expenditures through April, 1961, were $15, 214, 000. Project proposals 
have been submitted to the Commission requesting authorization of $562, 000, 
total project funds on four projects. 

The total estimated cost of these projectsis $25, 303, 000. 

Use of available computer programming techniques has greatly simplified certam 
analyses of rupture data, thus making it possible to develop many models for  the 

- same set of data, where the data are divided into equal power-temperature cells 
in different ways. 

Optimum s izes  of supplemental crews w e r e  determined for reactor operation 
following conversion to bumper fuel elements. 

A new method of estimating aluminum corrosion penetration during the breakaway 
stage, which is independent of any assumption about the pre-induction time cor - 
rosion mechanism, w a s  used to analyze M-400 and X-8001 alloy corrosion data. 
The resul ts  of the analysis are in agreement with previously formed notions 
about the effect of heat treating variables except for a peculiar dependence on 
the method of cooling samples following anneal. 
this remainmg question. 

Further work is being done on 

Statistical analyses of data from an experiment involving irradiation of a popula- 
tion of Mediterranean flour moths w a s  completed and results reported 70 

Biology. 

The investigation w a s  completed concerning what inferences could be made as 
to reactor characterist ics and/or  exposure levels given a knowledge of PU ISO-  

topic concentration. 
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SUPPORTING FUNC TIONS 

The FY-1962 estimate of Hanford Laboratories requirements under the " A s s i s -  
tance to Hanford" program was  submitted to Contract Accounting in the amount 
of $65, 000. 

Special request activity during the month w a s  as  follows: 

1. 

2. 

3. 

Authorization w a s  received from HOO-AEC in the amount of $18, 000 to 
cover costs and commitments on U. S. Air Force purchase order  PR J 572 
which was originally established for $55, 000, but subsequently changed due 
to termination of the over-all aircraft  nuclear propulsion program. 

Program code was  established for the new AEClAECL Cooperative Program 
entitled "Non-Destructive Testing of Thin Wall Zircaloy Fuel Sheathing. " 
Expected costs are $8, 000 in FY 1961, $110, 000 in FY 1962 and $32, 000 
in FY 1963. 

Program code was  established for the new AEC/AECL Cooperative Pro-  
gram entitled "SAP-SAP Magnetic Force Closure Studies. '' Expected costs 
in F Y  1961 a r e  $24, 000. 

- 

Heavy water returned to SROO for rework during May amounted to 4038 kgs. 
Heavy water generated for return to SROO during May amounted to 1604 kgs. 
A requistion was placed during the month for 3636 kgs to be delivered in August. 

A two-minute news film on the completion of the Critical Mass Laboratory was 
prepared. 

Discussions with small  work groups on changes in benefit plans were completed 
with a total of 49 presentations. 

Advanced Degree - Eight Ph. D. candidates visited HAP0 for professional 
employment interviews. 
nine rejections were received. Current open offers total 11. 
ing year, we have achieved 1 2  Ph.D. acceptances. 

Seven offers were extended; three acceptances and 
For the recruit-  

BS/MS - Recruiting activity'for the Technical Graduate Program included 19 
offers, 17 acceptances and 58 rejections. Six offers remain open. For BS/MS 
experienced personnel, 17 offers were extended, 5 acceptances and ? rejec-ions 
were received with ten offers remmning open. 

Technical Graduate Program - Nine Techmcal Graduates were placed on perma- 
nent assignment during the month. 
rolls and two terminated. 

Four new members were added to the program 
Current program members total 21. 
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Two disabling injuries occurred. 
a power shear. Another s d f e r e d  a broken toe when an empty barrel  slipped. 
There were 32 medical treatment injuries compared to 42 in April. 

One employee severed a finger tip with 

The incidence of security violations was reduced from eight in April to two 
in May. 

Tuition refunds for the winter quarter of the University of Washington Graduate 
Center a r e  currently being made. 
has 90 employees, including 6 non-exempt, who a r e  receiving refunds compared 
with a H A P 0  total of 163. 

As a matter of interest, Hanford Laboratories 

The microfilming of Files document holdings in the Records Center was sub- 
stantially completed early in the month. 
documents in the Files vault. The objective of the microfilming program, to 
make more filing space available in the vault, is now being attained. 

On May 9> work began on the older 

The mechanization of the Files issuance, routing, and mailing activities is 
proceeding as scheduled. 
May 22 and a mockup of the Files installation has been made in the Conference 
Room of the 705 Building. 

The IBM Card-a-type equipment arrived on Plant 

HM Parker:RSP:mcs 

I 2 5 2 5 0 0  

for Manager 
Hanford Laboratories 



A- 1 HW-69822 . $ 

REACTOR AND F'UELS RESEARCH AND DEVELOPMENT OPERATION 

TECBNICAL A C T I V I T I E S  

A. FISSIONAEU MAaERIALs - 2000 PROGRAM 

1. MEZALLURGY PROGRAM 

Corrosion Studies 

KER-1 Zircaloy Rocess Tube. 
rapid corrosion b the irradiated KER-1 Wrcaloy-2 process tube also 
indicated accelerated corrosion during autoclave exposure to 300 C, pH 10 
water (Ida). 
sion in this process tube is currently being tested under the same condi- 
tions. 
gain for the irradiated s 
process tube was 11.4 mg/s, compared to 15.5 mg/& for the sample from 
the high corrosion zone and 11.3 mg/& for unirradiated KER-1 samples. 
It is tentatively concluded that the area of high corrosion occurring 
during the service historg of the tube is related to the local condition 
of the metal, since it persists under post-irradiation testing. 

Previously a sample cut from the area of 

A second irradiated sample cut from an area of normal corro- 

After seven days of exposure to 300 C, pH 10 water, the weight 
le cut from the l ow corrosion zone of the 

The Effect of EIydr ogen Content on Hydr ogen Pic@p. 
hydridinn has been observed at about the time the hydrogen content of the 

A breakaway type of 

corrosion samples reached the hydrogen solubility l-Mt-at the temperature 
of the corrosion test. Samples of the same surface area but different 
thicknesses w i l l  bec- saturated with hydrogen at different times while 
hydriding at the same initial rate. A series of 5, 10, and 30-mil thick 
Wrcaloy-2 samples exposed at 400 C to a mixture of 400 mn He and 23 mm 
5 0 '  The 5-mil samples showed a sharp increase in hydriding rate between 
two and three days; the 10-mil samples between 13 and 20 days. 
contents were about at the 400 C solubility limit when the break occurred 
in each case. 

Hydrogen 

The 30-mil samples are completed, but no data are available. 

Erosion-Corrosion of Aluminum Alloys. 
behavior of aluminum alloys X-8001 and 1245, samples were exposed to 
300 Area tap water adjusted to pH 6, 7, and 8, by adding either nitric 
acid or sodium hydroxide flowing at a velocity of 88 ft/sec. The water 
was heated to 102 C before being passed over the samples for six hours. 
Corrosion was uniformly smooth along the exposed groove except for a l loy  
X-8001which showed some jaggedness at pH 8. 
x-8001 at pH 8 had a cross-sectional area of 153 mils2 as compared to 
83 mils2 for 1245. 
sectional area of 35 mils2 and alloy 1245 shared no measurable corrosion. 
Both alloys at pH 6 showed no measurable corrosion attack. 
tests are short-term only, but pH adjustment appears fairly critical and 
alloy 1245 shows some superiority. 

To study the erosion-corrosion 

The corroded groove i n  

At pH 7, the corroded groove in X-8001 had a cross- 

The above 

p L 

1 2 5 2 5 0  I 
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Radiometallurgy Laboratory Studies 

htallographic examination of a longitudinal end cap section from a KER 
single tube irradiated t o  2000 WD/T has been coqleted.  The end closure 
arid the cl- appeared t o  be in excellent condition. One of the tubes 
that appeared t o  have bumps in the internal bore when viewed i n  the basin 
was sectioned, but no ser ious bunging was found (RM-578). ktallographic . 
examinstion of a section from a second Zr-2 clad inner tube w i t h  hot head 
closures from PT-Ip-3OOA revealed f'ine cracks in the uranium that were f i l l ed  
w i t h  samt tlnlmarn material. Voids and porosity in the uranium a t  rhe clad- 
ding interface were also found. 
into the d u  (RM-706). TWO thermocouple capsules were sectioned t o  
remove metallography, density, and burnup analysis specimens. 
revealed that the 1.6 enriched uranium fuel was badly f-nted and the 
Zr-2 cladding contained nrultiple longitudinal b r i t t l e  fractures (€24-559). 
Two fuel elements were received f o r  exminazion a f t e r  rupture indications 
were noted f o l l w l n g  discharge from I(ER. 
ding had parted around the base of one element a t  the juncture of the fuel 
and %nd cap. 
f a i l m  (IW579). Eight Zr-2 clad swelling spec- were removed from 
NaK capsules GEH-14-96, 97, 101, and 103. 
cap had broken coq le t e ly  off during the imadiation. Swelling-of the 
Urernium core next t o  the end caps had s p l i t  +he cladding both longitudi- 
nally and circumferentially an the mptured speciEns from capsules 96 
and 97 ( -565).  Results and interpretations of these examinations will 
be reported in more detail in connection with the developmnt programs 
served. 

The cracks in the uranium did not extend 

hktallography 

Emmlnntion showed that t h e  clad- 

The failure mer'hnnism appeared the same as in the K-3-l2 

Q1 two of the specimens an end 

Basic b t a l lu rgy  Studies 

Rectron and Optical Mcroscopz. 
metals due t o  f iss ion fra@mnt and neutron bombardment are being studied 
by electron microscape techniques. 
thick, in the annealed and cold worked s ta tes ,  have Seen thinned and 
exambed a f t e r  neutron doses of '2 x 1020 nvt ( t h e m ) .  
the cold worked aluminum foils contain a greater number of prismazic 
dislocation loops than the annealed specimns. 
with those irradiated t o  1 x 1020 nvt ( t h e m )  definitely shows an in- 
crease in the number and size of these loops. Since these loops are 
interpreted as being formed by the collapse of vacancy clusters, where 
the high vacancy Concentration results from the neutron bcmbardment, 
migration of vacancies t o  the collapsed loop and short c i rcui t  diffusion 
around the periphery of each loop by the nechanism advanced by Jobnson 
(Phil. Mag., 5, No. 60, p. 1 2 5 5 ,  Dec. 1960) may account fo r  the increase 
in loop size a t h  exposure. Dislocation tangles are l ess  prevalent, i n  
highly irradiated specimens, and where these jogged dislocation tangles 
exis t ,  the number of collapsed vacancyloops is much smaller. 
diffusion of vacancies t o  existing dislocations can occur, and jogging 
results. 

Ivlicrostructural changes o r  damage in 

High purity, aluminum f o i l s ,  0.003" 

For a given dose, 

Comparison of these f o i l s  ' 

Apparently 

Aluminum tensi le  specimens which have been irradiated w i l l  be 
tested in the 
interacf u i th  

electron microscope t o  determine how disiocations move and 
the prismatic. loops. 

2 
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In order t o  more fu l ly  understand the reasons f o r  f iss ion track registra- 
t ian in metallic and nonmetallic films and f o i l s  subjected t o  f iss ion 
fragment bombardment,, the following experiment was performed. Two types 
of collectors, a 200 A thick carbon fi lm a d  a similar carbon film coated 
with 20 A of platinum, were positioned one millimeter from an evaporated 
f i l m  of U+ during irradiation. 
(1) a fi lm of Uo;! only, and (2) a fi lm of Uo;! coated with a 200 A thick 
layer of evaporated carbon. After an exposure t o  4 x 1018 nvt (thermal) 
i n  an evacuated capsule, the collector films were examined in  the electran 
microscope. 
f o m d  on the collectors only i n  the case of the uncoated, U% sources. 
The 200 A thick carbon coating on the U% source, therefore, prevents U@ 
transfer t o  the collector, such transfer being due t o  thermal activation 
of  U02 atoms by f iss ion spikes. Fission damage tracks were readily per- 
ceived i n  the platinum coated carbon collectors. Presence of the U+ on 
the collector which was opposite an uncoated source was f m h e r  substan- 
tiated by virtue of the long damage tracks i n  t h i s  collector. Only very 
short tracks i n  the collector opposite the carbon coated source are de- 
tectable.  
during irradiation leads t o  the conclusion that tracks in the collectors 
are due t o  fission fragments which pass through the collector and cow t o  
rest in the copper supporting grid. Fission product act ivi ty ,  due t o  Zr, 
Nb, Ru, Ba, La, Te, Ce, and bb i n  the copper gr id  have been definitely 
identified by gamma ray spectrometry. 
fragment damage in metals as a function of the energy of the fragments is  
being considered f o r  future work. 

A formal report, HW-68919, "Experimntal Evidence of Fb sion Fragment Damage 
in Some Metals and Nonmetals," has been submitted t o  Techical  Publications. 

The sGurce fi lm was of two types: 

Particles,  identified by electron diffraction t o  be U%, 

Considerations of the physical geometry of source and collector 

The possibi l i ty  of studying f iss ion 

Notch Sensit ivity of Wrcaloy-2. 
elements have shown localized fa i lure  with l i t t l e  uniform straining i n  
the reminder of the clad. 
l a r i t i e s  such as a notch o r  deep s t r ia t ion  introduced during forming or  
handling might be the cause of t h i s  unpredicted fa i lure  tendency. 
of tests at  280 C i s  being conducted t o  determine the effects  of such 
variables as notch depth and shape, specimen geometry, orientation, and 
strain mte. Preliminary results have been obtained on 0.020" Zhick f l a t  
transverse specimens having a v-shaped notch with a 0.005'' base radius. 
A t  a notch depth between 0.3 and 0.4 of the specimen zhickuess, consider- 
able s t r a in  occurs a t  the notch; huuever, there is  about equal probability 
of failure outside the notch area. An increase of the calculated no-al 
ultimate strength of the material a t  the notch occurs as the notch depth 
fraction is  increased. An increasing strain rate also causes an increase 
in strength. The strain a t  the base of the notch is observed t o  result 
primarily i n  a reduction of specimen thickness. 
section generally does l i t t l e  t o  specimen thickness but causes a marked 
reduction in  the width of the specimen. 
may be related t o  the introduction of a lateral restraint. Strain then 
can only occur i n  the thickness of +,he specimen which has considerably 
different strength because of the anisotropy of the Zircaloy-2. 

Recent fa i lures  of Zircaloy-2 clad t e s t  

Sensit ivity of Zircaloy-2 t o  suzface irregu- 

A series 

Strain in the unreduced 

The hardening effect  of the notch 

The 
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obserrrsllce of a s t ra in  rate effect  indicated that work hardening rate  is 
also effective in controlling the fai lure  mode. Work is continuing with 
an inveatlgation of the effects of notch shape on this strengthenlq.  

Metallic Fuel DevelapmMt 

Fuel Irradiations. 
current series was performed at the E!CR on April 28, 1961. The defected 
fuel eltmcat used for this t ea t  had been previously irradiated t o  400 W / T  
in Kw Loop 3.  l be  wa8 operated fo r  four hours at  full power before 
the defect cep wa8 sheared off. Twelve minutes after the defect cap was 
&osrad off, the first indication of the fai lure  of the fuel elemMt was 
an increase (1/4 ps i )  in the pressure drop across the loop. 
minutes, the loop pressurc drop had increased by 3/4 psi  and four  minutes 
later the delayed neutron monitor and the gamma sc in t i l l a tor  began r is ing .  
The t e s t  was terminated after one hour by shutting down the reactor over 
a four-minute period. 
test were:  

The sixth rupture test of IQPR-type fuels in  the 

After 34 

Tenperatwe conditions a t  the defect during the 

Local bulk water teqerature - 264 C (507 F) 
clpdding surPace teqerature - 290 C (556 F) 
Cladding-core interface temperature - 352 C (666 F) 
Core center tenperatwe - 481 C (897 F) 

llhe radiochemical burnup analyses were campleted f o r  two KER tube/tube fuel 
elements with an average calculated burnup of 3200 MWD/T. 
tube/tube element had a radiochemical burnup of 0.54 percent (4300 WD/T) 
for  the outer tube and 0.42 percent (3360 W / T )  f o r  the inner tube. 
inner tube failed by CIA SpUttbg.   he uranium - 2 w/o zirconium tube/ 
tube elenent had a radlochcnrfcal burnup of 0.45 percent d u m  (3300 MD/T 
fuel) and 0.38 percent urapium (2900 MHD/T fue l ) .  
zirconium tube/tube elemnt increased in volume more than the uranium tube/ 
tube element. 

The uranium 

This 

The uranium - 2 w/o 

An obsolete IWB FMer tube XSX-1 w i t h  end caps f i t t e d  flush t o  the uranium 
fuel fa i led in a KER loop after 1700 MJD/T. 
betwetn the end cap and uranium fuel induced a shear fa i lure  of the 
Zircaloy-2 clad near the end cap. Although water entry was evident in both 
ends of the failed elemnt, the above failure nrechauism is based upon the 
observed incipient shear failure of the clad Fn. an unfailed element irradi- 
ated in  the same chaxge. 
2.1 percent a t  the mid-length of the element while the over-all v o l m  
increase calculation based on diamtter meas-nts was 3.1 percent. 

The the& incmpat ibi l i ty  

The density of the fa i led element decreased 

As a sequel t o  the MER test GEH-4-57, 58, another t e s t ,  GEE-4-63, 64, has 
been prepared t o  further t e s t  the brazed closure concept. 
Kill use production brazed fuel elements, brazed with the 5% Be - 95% Zry-2 
alloy. As previously reported, GEE-4-57, 58 failed at the base of the heat 
affected zone through a possible extrusion defect. GEH-4-57, 58 was brazed 
a t  a temperature of 950 C and these elements were brazed at 1050 C. 
brazing temperature is a c r i t i c a l  variable in  fuel  l i f e ,  this t e s t  should 

This experiment 

If 
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provide a reasonable indication of its severity. 
operate at  essentially the sazne power and tenperamre as GEH-k-57, 58, 

GEH-4-63, 6L w i l l  

Radiometallurgical examination of B E - 3  single tube fue l  elements 
exposed t o  1200 bMD/T i s  nsaring comple+,ion. 
braze closures retained the i r  pre-irradiation integrity.  A t  t h i s  
exposure no shortcomings were evident. 

Examination of XSE-3 elements exposed t o  2000 MWD/T is  progressing. 
Slight surface distortion of the inner bore i n  the braze heat-affected 
zone was negligible. A limited crack in  the fuel  a t  the cap-clad-fuel 
juncture was observed, but it may have been produced during the post- 
irradiation examination. 

The Be-Zr eutectic 

Additional KSE-3 tubes were successfully irradiated t o  3500 MD/T. 
These elemnts are scheduled f o r  June 6 discharge. 

Fuel Component Development. 
was made. The support was intended t o  replace one tha t  decreases i ts  
height when the fuel elelaent is  heated with orie that is stable o r  
increases i n  height. 
tive temperature coefficient of support c i rc le  diameter, but it a lso  
has superior deflectiau characterist ics.  A load of 340 lbs on the 
currently specified inner support w i l l  reduce i ts  height over 1/3, 
while over 1000 pounds of load are required t o  reduce the height of the 
new support by t h i s  amount. 
25 t o  30 mils a t  a spring constant of 0 . 6 4 1  deflection per pound of 
load. 
deflection. 
width of the annulus, e la s t i c  flexure w i l l  compensate f o r  size variation 
i n  the fuel elements. 
of two-foot long NPFt elements fo r  discharge testing. 
contains the details of the i n i t i a l  comparison of the standard and the 
new folded ribbon Are1 element support. 

One out of eight irradiated 5/8" CID x 0.020" wall thickness Zircaloy-2 
burst capsules fractured as a pin-hole fa i lure  whereas the other seven 
burst suddenly into a one-inch long fracture.  These capsules were 
burst i n  the Radiometallurgy c e l l  with nitrogen pressure a t  337 C. 
Au, capsules were exposed t o  about 2 x 1019 nvt f a s t  neutrons Examin- 
ation of a metallographic cross section through the pin-hole fa i lure  
revealed necking and s t r a in  produced voids in the necked area. From 
t h i s  cross section, small  longitudinal cracks w e r e  apparent on the inside 
of the tube. These cracks were probably produced during fabrication of 
the burst capsules. The average circumferential fracture s t r a in  i n  the 
seven tubes tha t  burst normally was ten percent, and the average circum- 
fe ren t ia l  s t r a in  i n  the capsule with a pin-hole fracture was 1.7 percent. 
The burst  strengths of a l l  the capsules w e r e  comparable. 

A new type of NPR inner tube self-support 

Not only does t h i s  new support correct the nega- 

The new support has an e la s t i c  range of 

The support becomes very s t i f f  after the i n i t i a l  sof t  e las t ic  
By making the support height 15 mils greater than nominal 

The new type support was installed on a number 
Report HW-697115 

i 
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l P R  Support Attachnrtnt. 
attach supports t o  NPR fuel elements. 
i b i l i t y  of these welds a run of 1000 welds was made on 0.040" clad 
material. The run was i n t e q t e d  twice f o r  other jobs. 
was reset t o  the or ig ina l  conditions each tinr and the run continued 
Without any further machine adjustment. 
at  mndom f o r  nretallographlc examination. 
The results a m  shown in Table I. 

A high quality reproducible weld is required t o  
In  order t o  t e s t  the reproduc- 

The machine 

Thlfiy-one welds were  picked 
All others were shear tested. 

Shear Strength 

Bt- 700 - 800 lbs 0.55 
800 - goo 2 4  
goo - 1000 9.3% 
1000 - l loo 21.25 
n o 0  - 1200 31 7% 
1200 - 1300 33 3% 
Above 1300 2 4  

llrt weld8 were made an a 100 KVA resistance welder operating single phase 
With the following settings. 
force 100 lbs (low iner t ia  holder); class 1 electrode with 4" radius t i p .  
l'be secanderry voltage was 8.8 volts. 

Phase shift  345, 1 cycle, 1 impulse; weld 

Metallographic examination showed no disturbance of the uranium or of the 
band layer. 
2/3 the clad thickness. 

The heat affected zone in the Wrcaloy clad was approximately 

closure Develapmen t. 
closures fonntd by the "self-brazing" process indicate that entirely 

Destructive and non-destntctive analyses of the 

s a d  balds are f k d  between the jacket wall and the cap in s o ~ t h i n g  
l ess  than 5 6  of the output when processed by the simple hot pressing 
technique (730 C,-7O t s i ) .  'Ilhe i n c q l e t e l y  bonded closures typically 
exhibit spats of sound bonding Interspersed w i t h  s m a l l  zones where the 
jacket has not been nretallurgically attached t o  the cap, although the 
primary closure (the weld) is invsriably sound. 

TO overcome t h i s  deficiency, a single additional step has been put in the 
process. This consists of placing a snugly fitting Zircaloy ring around 
the fuel eleplent at the closure end and heating the end face by means of 
the electron beam welder t o  about 950 C as rapidly as possible, then 
allawing it t o  cool in vacuo. Under these conditions, the cap, expanded 
by the heat, is pressed t igh t ly  against the surrounding Wrcaloy restrainer 
ring which expands l ess  because It is much cooler. The Cu-Zr eutectic 
a l l o y  which forms by interaction between the copper plating and the 
Zircaloy components, a t  the attained temperature, flows by capi l lar i ty  
into the t h y  inters t ices  remaining between jacket and cap, bonding these 
members together. When the assembly cools, it shrinks away fromthe 
restrainer ring w h i c h  may be easi ly  l i f t ed  off by hand. 
in this way is sound, even though it may have been quite spotty m e r  

The borid f o m d  

in i t ia l  pressing. i :::a 
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Ntallographic examination of the variable beryllium i n  Zircaloy-2 coupons 
with known uranium additions has Seen completed. 
vealed that uranium is not visible i r L  the Wrcaloy structure below 3% 
uranium content. 
5$ Be + 95$ Zry-2 alloy. 
t o  Zircaloy and t o  the BeZirc braze alloy were readily detected by mea- 
suring the reflected l igh t  fromthe etched surface. 
corrosion performance, in 300 C water after 20 hours the 1/4$ uranium + 5$ 
Be + Zry-2 alloy developed a heavy, loosely adhering autoclave film, w h i l e  
a l l  other lower alloy compositions developed only a tarnished surface. 

Welding of end caps into both ends of three tubular elements with "fluted" 
external surfaces w a s  accomplished. 
men working on the present equipment, one adjusting the high voltage control 
and the other manipulating the electron gun and the turntable speed. Some 
welding diff icul ty  was experienced because of loose end caps. 
diff icul ty ,  wh ich  was t o  be expected, occurred when the electron beam spot 
approached the points of the f luted clad. 
is concentrated a t  these points than on %he larger radius of the concave parts 
of the clad surface, these points tended t o  m e l t  considersbly f a s t e r  and at 
times, nearly burned out. 
high voltage was lowered as the welding beam approached and went around 
the t i p .  
be prograxmd t o  be done automatically w i t h  l i t t l e  trouble. 

This e x h a t i o n  re- 

FUthermore, uranium up t o  1/L$ was not visible in  the 
However, uranium additions of as low as 180 ppm 

With regard t-o 

The welding procedure required two 

Another 

Since a greater amount of heat 

Good welds a t  these points were made when the 

Welding of t h i s  shape element i n  the electron beam welder could 

A method of attaching a 1/4" diameter Zircaloy-2 stud, with a 1/8" diameter 
welding area, t o  the cladding of an I&E or  NPR inner fue l  elenaect was 
desired t o  tes t  the Zirc-2 cladding - uranium bond strength. 
stud had been attached, the Zi rc  cladding immediately around the st-d was 
t o  be cut leaving only the Zirc-urar,ium bond holding the stud and the cut 
cladding t o  the uranium. 
tha t  it did not affect  the Zirc-uranium bond and that it would hold as t h i s  
bond was pulled apart. 
Graham Stud Welder, a percussion welding machine. The weld produces a 
bond which, when pulled i n  a tens i le  tes t ing device, i s  stronger than the 
Zirc -uranium bond. 

M t e r  the 

The requirements of the attaching mthod were 

The attachment was achieved through the use of a 

The welding apparatus f o r  investigating the &tal Inert Gas weiding process 
as a method f o r  making the  final closure on the NPR fue l  elements w a s  auto- 
mated t o  the point where the en t i re  welding cycle, exclusive cf posit iming 
the fuel element and adjusting the tun;-table speed, is done by activating 
a single control. This permits automatically s tar t ing the weld, timing the 
weld, manually controlling the crater  f i l l  and ending the weld. The weld, 
on the outside di-ter of the NPR inner element, fromthe t i m e  of striking 
of the arc,  takes s l igh t ly  l e s s  than three seconds t o  complete. 

Component Fabrication. 
into &-inch UD by 3-17/32-inch ID sleeves using the existing 700-tOn press, 
4-inch extrusion equipment. 
used fo r  special coextrusian b i l l e t  components i n  coextrusion s tudies> 

Four Wrcaloy-2 blanks were successfully cupped 

Sleeves fabricated by t h i s  process will be 
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The cupping punch which is normally d i f f icu l t  t o  lubricate in this type 
of opemtian was successfully lubricated throughout the entire stroke by 
inserting a 9/16" diameter copper rod in a hole dr i l led nesrly through 
the center of the blsnk. A O.Ol5-lnch thick capper disk w a s  placed over 
the face of the Zircalay-2 blank which i n i t i a l l y  contacts the s teel  
cupping punch t o  prevent the Wrcaloy-2 from selzing t o  the punch before 
protection is possible froan the copper rod. 
f i rs t  coplper imumrsian plated t o  prevent excessive oxidation of the blank 
during the 750 C preheat in air. The plate was sufficient t o  prevent the 
sleeve from seizing t o  the extrusion container bore during the cupping 
operation. 

The Wrcalay-2 blank was 

A 120' angle pointed punch aad a flat punch were both t r ied  with the cone 
punch producing a sl ight ly  more concentric sleeve. 
punch cracked with the f i rs t  sleeve. 

However, the cone 

Ten 0.600" diamcter zimalay-2 clad extrusions have been fabricated f o r  
cladding thickness uniformity studies t o  be conducted by the mels  Design 
Operation. 
heat treated bi l le ts  of U - 2 w/o Zr, the uranium being enriched t o  1.47$. 
Eight unalloyed 1.4% enriched rod extrusions were made fram pre-extruded 
bi l le t  stock. 

Two extrusiaus were made from vacuum induction m e l t e d  and 

B i l l e t  stock was prepared from an arc cas t  ingot 3.8" diameter, weighing 
144 lbs .  Arc melting was perfornred in the consumable arc furnace in  the 
306 Building using a vacuum induction melted electrode. Quality evalua- 
t ion of the material is in progress. 

Heat Treatnrent Studies. Two NPR inner tube extrusions have been made, one 
with Zr-2 cladding and one without clad, fo r  warp studies. 
long elemcnts were cut from each extrusion, and all have been heat treated 
at 730 C f o r  seven minutes followed by an l8-second air delay and quench 
into 300 C nitrate salt bath. Average as-extruded double-throw -xaq was 
18 mils  f o r  the unclad tube and was ll mils for  the Zr-2 clad tube. 
A v e r a g e  post-heat-trea-t wzup was 38 m i l s  f o r  the unclad tube and 27 
mils f o r  the Zr-2 clad tube. 
noticed in the Zr-2 clad tubes, and there appears t o  be a fair correlation 
between the plane of the shift and the plane of warp. 
meas-nts are being made on a l l  tubes t o  see if  any correlation can be 
found between the w a l l  thickness and the warp. 

Twelve, 24" 

An unusually large amout of sh i f t  was 

W a l l  t h i c h e s s  

Fuel Straighten%. 
N inner fuel tubes indicate that double thrar ~ ~ a r p  of 0.013 t o  0.095 inch 
can be reduced t o  0.003 t o  0.010 inch. 
heating the e l m n t  t o  575 C in an argon atmosphere and cooling in  the 
three r o l l  straightener. After straightening, the elemnts were auto- 
claved 72 hours in 400 C steam t o  determine the extent of warp. 
groups of elements have been straightened. 
(six elements) is: extrusion, beta heat treatnent, stress rel ief  anneal 
(600 C ,  4 hours), straighten, and autoclave. 
warp a f t e r  straightening was 0.006 inch, w i t h  an absolute range of O.OC3 

Fuel straightening experiments on 23.5-inch long, 

Straightening is accomplished by 

Two 
The history of the f irst  group 

The average double throw 
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t o  0.010 inch. 
0.005 inch, w i t h  an absolute increase ir, the range 0.001 t o  0.011 inch. 
The history of the second group (7 elemezts) is: 
treatment, straighten, and autoclave. The average double throw warp 
f o r  t h i s  group after straightening was 0.009 inch with a range of 0.CW 
t o  0.015 inch. 
inch with a range of 0.000 t o  0.007 inch. 

After autoclaving, the average iwrease in  warp was 

extrusioc, beta heat 

After autoclaving the average increase i n  warp was C,C04 

F'uel Deformation Studies. To study the effects  of cladding thickness 
variations on the susceptibil i ty t o  cladding fai lure ,  a series of NaK 
capsule irradiations of-Zircaloy-2 clad fuel  rods i s  planned f o r  the 
Hanford reactors. 
various stages of fabrication and f i f teen  U-2 w/o zirconium fue l  rods are 
in  the final stages of fabrication pr ior  t o  assembling t h e m  in to  the 
irradiation capsules. 
cladding surface of the alloyed rods. 
the thirty-four capsules is complete. 

A method of analysis f o r  the deformations and stresses i n  the cladding 
of shaped cylindrical fuel elements was derived. The analysis assumes 
that the fuel material exerts a uniform pressure, extersions of the mid- 
surface of the cladding are neglected, and the cladding deforms elas- 
t i ca l ly .  
cylinders with any nurnber of corrugations, any symnaetric shape of 
corrugation, and continuous variation of cladding thickness. 
t o  systematically investigate various shapes, a programbased on corru- 
gations formed by two taxigentid arcs was coded using che analysis 
previously described. 

Eighty unalloyed uranium fue l  rod samples are in 

A f ine  mesh gr id  has been photoengraved on the 
Fabrication and subassembly of 

A computor program was written and run which analyzes shaped 

In order 

Families of a r c s  of constant length are conrpared. 

REACTOR PROGRAM 

Coolant Systems Development 

Thermocouple Slug Test in KER-1. 
suring temperature drop across crud deposits was successfully charged 
into KER Loop 1, but ruptured on reactor startup. 
slug consisted of a one-inch diareter rod cf na tura l  *cranium with a co- 
extruded 20-mil Zr-2 clad. Three thermocouples extended two inches into 
the uranium from one end, one on the axis and two just  under the clad,  
Two other thermocouples measured +,he adjacent water teqera tures .  Since 
several previous thermocouple t ra ins  had struck on charging, rhe spacers 
in t h i s  t r a in  were of a modified desigr,, being 16-inch lengths cf carbon 
steel tubing with mating ends conically beveled t o  proauce a true l i ne  
feature t o  ensure alignment. This w a s  charged from the front face on 
My 11 w i t h  no diff icul ty .  The loop charge a lso  included one 18-inch 
KSE-3, two 12-inch KSN-3, and two 16-inch KSIJ-3 heater elements down- 
'stream of the thermocouple t ra in ,  and the heater elements were charged 
and discharged t o  ensure tha t  the ent i re  charge could be charged and 
discharged easily.  
two similar cycles of f i l l ,  recirculate,  and drab .  
loop was rinsed with deionized, deoxygenated water. 

"he third thermocouple slug f o r  nea- 

The thermocouple 

The ent i re  loop was decontaminated w i t h  Phos-1 using 
Following th i s ,  the 
The themcouple 
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slug ruptured six h m  a f t e r  reactor startup. 
monitor indicated ahnonnally high act ivi ty  s tar t ing about four hours 
before the rupture. (h visual examinstion in the basin, the nrpture 
looked s i m i l a r  t o  that of the previous thermocorrple slug. The clad 
was s p l i t  circumferentially near the end of the end cap and also longi- 
tudinally over the two holes f o r  thermocouples. 
and heater elements had a light uniform rus t  colored deposit on t hem.  

The delayed neutron 

!5e thermocouple slug 

Rupture Test- Irradiated Fuel Elements. 
300 C, 12 fps flow, and 1650 psig was performed in the IRP on a co- 
extruded fuel el-t that had been irrpdiated t o  2400 MJD/T in X E S .  
T ! b  rupture was very severe. 
strips over f ive  inches of I-. The uranium core underneath this  
area appeared t o  have corroded uniformly. 

A 5O-minute rupture t e s t  a t  

The zircalay-2 cladding had torn in spiral  

Tota l  w e i g h t  loss f o r  the rod 
w a ~  150 g r s l n ~ .  

N i c k e l - C o a t e d  Fuel Elemsnta. 
D r e s e n t  reactor use. showed excellent corrosion resistance after 6715 

101ckel-coated fuel elements, for potential 

houm at  165 C and a67 hours at 120 C in process water. 
w e r t  predefected w i t h  scratches and abraded areas t o  expose bare aluminum 
=tal, and in no case were these defects enlarged during the t e s t s .  
film formcd on the elemant Surfaces in the 120 C k s t  was very t h in  and 
WELS only moderately adherent. ' l~re 165 c test pieces accuxmdated a 
moderately thick f i lm .  

All pieces 

The 

Resent Reactor Decontamination. 
performed at C Reactor as a production t e s t  by IPD. 
gallon at 70 C were pumped through reactor rear cross-headers, pigtai ls ,  
and nozzles at one t o  two gpm f o r  ten minutes. 
by water flow through reactor process tubes. 
reactor cross-headers were cleaned with TUZ=CO 4306 C, and the laxer one- 
third w i t h  Turco 4306 B. Contaminated samples (alrrminum dummies) placed 
in the rear of the tubes were messured before and after t o  determine 
degree of decantnmtnation. The Turco 4306 C removed about SO$ of the 
act ivi ty  v(decontamination factor of lo), and the Tureo 4306 B removed 
about 955 of the ac t iv i ty  (decontamination factor of 20). Both decontam- 
ination factors (10 sad 20) are acceptable fo r  rear face decontamination. 

A rear face only decontamination was 
Solutions of 6 oz/ 

The solutions- were diluted 
The upper two-thirds of the 

Corrosion in High Temp erature Water a t  pH 10. 
A2l2 c/s and 304 s/s are being studied in  recirculating, deionized, de- 
oxygeneted water at  300 C with the pH adjusted t o  10 with LiOH. 
is in a loop constructed ent i re ly  of stainless s tee l .  After 1300 hours of 
exposure, penetrations of 0.01 and 0.03 mils, respectively, on stainless 
s t ee l  and carbon steel, were obtaiaed. The carbon s tee l  is corroding w i t h  
a linear relationship with time at  a rate of 0.16 mils/year, which is com- 
parable t o  the rate  obtained in a carbon s t ee l  test loop. The corrosion 
films on both the carbon steel and stainless steel have a dark gray, 
shiny appearance and are very t igh t ly  bound t o  the =tal surface. 

Uniform corrosion rates of 

The t e s t  

The uniform 
. pH 10 water 

I 2 5 2  

corrosion rate 
VLLS determined 

of Carpenter Ferral ExperiEntal i n  290 C ,  
a f t e r  2426 hours of exposure. Up t o  the first 

5 1 0  
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500 hours of exposure, the samples were easi ly  descaied i n  inhibitcd 
hydrochloric acid, but thereafter the films could not be removed. 
H a r e v e r ,  descaled weights were obtained fo r  the longer exposed saxples 
by using a solution s l igh t ly  corrosive t o  the base m e t a l .  This intro- 
duced some error  in the f ina l  corrosion penetration data. U s i n g  these 
data, which are hown t o  be high, the calculated corrosion rate w a s  
0. a 5  mils/year. 

ETPR Control Rod Thimbles - Titanium-Graphite Galvanic Corrosion. 
Corrosion of titanium samples i n  contact with graphite is negligible a t  50 
and 70 C. 
were exposed for  11 months t o  a humid atmosphere. 
were m r s e d  in fi l tered water (concentrated by evaporation). 
penetration of the titanium ranged fromless than 0.001 mil t o  a maxinun 

Samples with a-titanium-to-graphite surface ra t io  of about 1:2 
Sore samples occasionaliy 

Total 

of 0.003 mil. 

Structural mterials Development 

Wrcaloy Retubing Program. 
tests Fn IC Reactor have been provided by butt  welding short tube sections 
onto C Reactor tubes. 
nique w a s  developed f o r  t h i s  purpose. 
copper c h i l l  block was used providing tube alignmnt and iner t  gas 
shielding as w e l l  as heat extraction. 

Smooth bore Zircaloy-2 tubes f o r  corrosion 

An inert-gas, tqs ten-e lec t rode ,  w e l d i l l g  tech- 
A novel one-piece, exparidable 

Present fabricating technology requires heavy copper jacketing of Zircaloy 
bi l le ts  f o r  extrusion at  temperatures above 1000 F, Successful extrusioas 
have now been made at l l 5 O  t o  1350 F and an extrusion r a t i o  of L t3 1 with 
the simpler less expensive b i l le t  preparatiun lubricant. This platiag and 
lubrication technique will be tes5ed under more severe conditions imposed 
by higher extrusion rat ios .  

Fifteen Wrcaloy-2 tubes f o r  the overbore t e s t  a t  C Reactor have been 
produced by a new fabricating process promising over-all =tal yield from 
sponge t o  finished tube of about 75$. !Chis high yield i s  made possible 

‘by cupping the b i l le t s  and maintaining close dimensional control i n  the 
subsequent extrusions. By annealing the extrusions a t  low temperatures 
an ultrafine grain structure i s  developed. 
ture, which makes greater amounts of cold work possible, the tube can be 
formd t o  final size by one tube reduction of 75$ reduction in  area. 

With t h i s  refined grain ~ 3 r d ~ -  

Nanmetallic Materials Development 

NPR Graphite Irradiations.  A ser ies  of irradiations of NPR core graphize 
is  being s tar ted i n  the GEZFR. Three capsules, 3-4, H-5, and H-6, each 
containing 24 samples, w i l l  be used in the program. 
parameters, e lec t r ica l  res i s t iv i ty ,  modulus of e las t ic i ty ,  and thermal. 
conductivity xmasurements are made on each sample. Each capsule’will be 
irradiated f o r  approximately 100 effective days of reactor operation and 
then removed and disassembled. 

Length, x-ray 

The samples w i l l  be measured and installed 



A-12 

in a new capsule for further imadiation. Two capsules wil l  be 
irradiation simltaneausly while the samples from the th i rd  are 
measured and rebullt i n t o  a new capsule. 

?be first capsule of the series,  H-4, has been built and w i l l  be 
installed in the GFllR during the cycle 24 shutdam'starting June 5 .  
The H-5 capsule is under construction and w i l l  be installed during 
the cycle 25 shutdam. 
and t h i s  capsule will be instal led upon renqval of H-4. 

IOPR core and reflector &raphite has apparently develuped a leak. 
MEY 10, a l l  the s-le tmeratures suddenly dropped t o  s l ight ly  above 
reactor water tempersture. It Kill be removed on my 29, and examined 
t o  determine the cause of the failure. 

Ssmples for the H-6 capsule are being prepared 

GEE-13-7 capsule which was being irradiated in the Gpzi t o  compare 
Ch 

Graphite Compatibility w i t h  H e l i u m  Containing Water Vapor. Tests of 
graphite oxidation by moist h e l i u m  were conducted for one week in an 
atmosphere with the fol lar ing composition ranges: 
O . b 0 . 6 $  CO; and 0.6-0.8 mm Hg p a r t i a l  pressure of water vapor in helium. 
Average oxidation rates were 1.5 x 10-5, 2.4 x 10-5 and 4.0 x 10-5 gm/ 
gm-hr at 750 + 10, 800 + 10, and 850 + 10 C, respectively. These rates,  
which are abGt two oz&rs of magnit& greater than the present process 
limit, are unacceptable. 

O.k-O.6$ H2; 

lzle second test was a three-day run at the s a m  respective teqerature, 

CO. 
t ra t ing  the retarding effects of H 2  and/or CO on graphite axidation. 
The tests at  the lomr 
indicate a possible need to maintain u3$ H2 in the NPR atmosphere if  
QO is needed t o  prevent zirconium hydriding. 

ionizing radi ation offers several advaptages over the conventional 
chemical. and heat cures in that unique physical properties can often be 
obtained. 
chemical curFrrg agents which are detrimental t o  environmental resistance 
are e l u t e d .  
envirommltal resistance of gamma-radiation-cured Hy'palan 40 (chlorosulfonated 
polyethylene) compounds. 
though the curing agents can be eliminated, other ingredients are s t i l l  
very essential .  
inforcemnt have good o r i g i n a l  properties, but their resistance t o  hot 
water and heat aging is marginal. 
the data indicate that the addition of antioxidants, stabil izers,  e t c . ,  are 
s t i l l  highly desirable. 

but vlth -6- t-8 a~ W h  H2 and CO, -ly 2.7-2.s @ and 2.5-3.15 
There were no s i a f i c a n t  weight changes during th i s  test, i l lus -  

and CO level w i l l .  be repeated, but the results 

rirypalon Campounds vith Gamma Radiation. Curing elastomers with 

En-tal resistance can be improved because those 

Studies are currently under way of the properties and 

EkperFmental results t o  date indicate that, al- 

The resulting compounds with carbon black added for re- 

With respect t o  heat aging resistance, 

4 '  
t '. .;r OEClASSInEU 
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T h e d  Hydraulic Studies 

Heat Transfer Conditions f o r  Eccentric Annuli. 
t o  determine the heat t ransfer  conditions when fue l  elements are not si+,uated 

Experiments were ccntinued 

_.  
i n  a coaxial position within the process tube. 
data applicable t o  I&E fuel  elements in  a BDF process tube v a s  started f o r  
the case of 75$ eccentricity. 
normal annulus thiclmess tha t  the fue l  elemen% is displaced from a coaxial 
position toward the w a l l  of the process tube.) 

The test section used was a 30-inch long e lec t r ica l ly  heated rod, 1.@5 
inches in  diameter, placed within a 1.604-inch tube. A l l  of the heat gen- 
erated with the rod was transferred t o  water flowing through the annulus. 
The data w e r e  obtained at a constant flow ra te  of 23 gpm and a pressure of 
121 psig; these conditions correspond t o  those in the flow annulus fo r  183 
fuel elements in  the fringe tubes a t  a BDF reactor. 
the heat generation rate was gradually increased, temperature measurements 
were made of the heated surface and cooling water at points around the 
annulus of the test  section. Each run w a s  terminsted at boiling burnout 
conditions as detected by a large temperature excursion at some poir t  on 
the surface of the heated rod. 
follows : 

Collection of laboratory 

(Percent eccen3ricity is the fraction of the 

During each run, while 

The conditions at  boiling burnout were as 

Run No. Flow Rate Bulk Water Temperature Heat Flux 
(OF TB/hr-sq f t r  (lb/hr-sq ft) below boiling p t .  ) 

1 4,400,000 
2 4,400,000 
3 4,400,000 

30 
55 
77 

6u, 000 
616, ooo 
598,000 

The water temperature in the narrow part  of +,he annulus was always higher 
than the bulk temperatures and reached the saturation temperature pr ior  t o  
bolling burnout. 

The data are very similar t o  the results obtained f o r  the K Reactors and 
indicate tha t  excessive temperatures can result when fue l  elements are not 
coaxially positioned within process tubes in  the Hanford reactors. 

Fuel Element Temperature Fksultine; from an In le t  Pipe Rupture on a BDF 
Process Tube. Heat transfer experiments were completed t o  allow a pre- 
diction of the fuel  temperatures during the shutdown transient following 
a rupture of an inlet pipe t o  a process tube on a BDF type reactor. The 
only mode of coaling the fue l  elements following such a rupture would be by 
the water available from the s l igh t ly  pressurized rear header. 

The t e s t  section used in these experiments was  a f u l l  scale e lec t r ica l ly  
heated mockup of I&E fuel  elemeEts in a BDF type process tube. With the 
test section operating under n0rma.l conditions, the in l e t  l i ne  w a s  opened 
suddenly t o  atmosphere, and the rear header pressure w a s  maintained at  a 
constant pressure. After approximately three seconds, the heat generatio= 
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rate in the test section was decreased at  a rate  s u a t i n g  a 500 in-hour 
scram of the reactor. 
the heated test section had reached a mt+xuum value and then started t o  
decrease as the' t e s t  section was cooled by the reverse flow from the rear 
header. 

Each run was continued un t i l  all thermocouples in 

Data were obtained which simulated m p t u r e s  of i n l e t  coolkrg l ines t o  
tubes operating F n i t i U y  a t  800, 1200, and 1400 KW. Preliminary aualysis 
of the data indicate that a majority of tubes on a BDF type reactor would 
not suffer fuel jacket m e l t i n g  during such an inlet piping failure. 
data show that a mar header pressure of about 45 psig w o u l d  be sufficient 
t o  prevent Jacket m e l t i n g  at  au initial tube p m r  of 1200 KW and that 65 
psig would prevent jscket melting at 1400 Kw tube power. 
indicate the CG-558 frant nozzle assembly used on the BDF type reactors 
is less rest r ic t ive t o  reverse flow of the steam-water coolant than the 
normal K Reactor front nozzle assembly. This condition of less  res t r ic t ive 
frant fittings combined vith the higher rear header pressures which normally 
exist on the BDF tyPa reactors places the BDF reactors in a bet ter  position 
than the K Reactors (HW-682l4) with regard t o  prevention of fuel jacket 
m e l t i n g  durFng in le t  piping failure. 

Heat Trasnfer Characteristics of lppR l h ? l  Elements. T&e studies t o  deter- 
ndne the boiling burnout conditions for the IPPR tube-in-tube fuel elements 
were continued. 
laboratory t o  determine if increasing the test section length would produce 
different boiling burnout data than those determined previously for the 
center hole of the fuel elemcnt. 

The 

These data 

mrimental data were obtained in the heat transfer 

The t e s t  section fo r  t h i s  investigation consisted of a 60-inch long tube, 
0.4 inch ID, with flow thruugh the inside. 
e lectr ical  resistance heating and boiling burnout conditions were detected 
by noting the temperature excursions as masured by themcouples  attached 
t o  the outside wall of the test sectiau. 

The tube was heated by 

The mejor portion of the study was run at 1500 psig, where 39 boiling 
burnout points were obtained, and the rensinder of the data w e r e  collected 
at  1000 psig. 
and the exit conditions varied from sl ight ly  subcooled t o  about 255 steam 
by weiat. The burnout heat fluxes for these runs ranged from 245,000 t o  

Flow rates varied between 500,000 and 7,OOO,OOO lb/hr-sq f t ,  

1,650,000 B/hr-~q ft. 

A preliminary comparison of these data with data obtained with a t e s t  
section one half as long indicates that length had only a s m a l l  effect on 
boiling bumout conditions. In general, a t  low mass flow rates the burnout 
heat flux was sl ight ly  lower f o r  the longer t e s t  section and a t  high mass 
flow rates was sl ight ly  higher. 
after further analysis of the data. 

More refined conclusions w i l l  be possible 

Calculated Time Before hklting of Uncooled NPR E'uel Elements. 
e r e  made of the temperatures of NPR fuel elements discharged fromthe 

Calculations 
- reactor  but cooled only by the natural circulation of air .  It was found 

Q 
f 
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that  if the specific power before reactor shutdown were 150 kw/ft, the 
fuel  element would mlt  if discharged before two hours had elapsed afzer 
reactor shutdown. If the specific power before reactor shutdown verc 
225 kw/ft, the reactor shutdown time required t o  assure that  the fuel  
elements would not melt on discharge was increased t o  10 hours. 

The calculations were made with the aid of a computer program and w i l l  
be useful i n  evaluating hazards and establishing procedures in  handling 
discharged fuel  elements during incidents where water cooling is not 
immediately available. 

Cri t ical  Flow of Steam Water Mixtures. A report (HW-68934) was issued 
coverinn laboratory investigations of the c r i t i c a l  discharge of steam- 
water G u r e s  from unifom-flow passages. 
tubes of 0.520 and 0.625 inch in diameter with lengths of up t o  four fee t .  
Data were obtained for  ex i t  steam qualit ies from 0.4 t o  9 s  by weight and 
f o r  c r i t i c a l  pressures from 40 t o  110 psia. 
w i t h  those of other investigators, and it was found that a model developed 
by Isbin and Fauske i n  T I D - U O ~ ~  characterized the data quite well. 

Additional experimntal work was also devoted t o  a study of the discharge 
of hot water t o  the atmosphere through short tubes having sharp entrance 
edges. 
pressure vessel and pip- ruptures can be idealized as short tubes o r  
or i f ices  f o r  the purpose of computing discharge rates.  The experiments 
considered tubes 0.5 inch i n  diameter and 1.5 and three inches i n  lengt,h. 
Upstream water temperatures ranged from 140 t o  l9O C and pressures from 
100 t o  250 psig. 
not a function of upstream pressure but depends only on the initial water 
temperature and the L/D r a t i o  of the flow passage. 

The t e s t  sections used were 

The resul ts  were compared 

This configuration is of interest  because many instances of 

It was found that  the c r i t i c a l  discharge pressure i s  

The results of these investigations w i l l  allow more accurate calculations 
of the over-all hydraulic characterist ics of nuclear reactors, including 
those calculations involved in the design of reactor containment systems, 

B. WEAPONS - 3000 PROGRAM 

Research and develapment i n  the f i e ld  of plutonium metallurgy continued in  
support of the W o r d  234-5 Building Operations and weapons development 
programs of the University of California Lawrence Radiation Laboratory 
(Project Whitney). 
distribution lists appropriate t o  weapons development work. 

Details of these ac t iv i t ies  are reported separately via 

.' . 
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PER Project Manam=n t and Design 

PRCR Construction. Constnrction of the I&intemnce and Mockug Facili ty 
including the PRER Rupture Loop Annex and PRP c r i t i c a l  Facil i ty buildings) 

1%. A work list of m!sinhg exceptlam has been issued. A tentative 
conpbtion during the week of Juae 12 has been proposed by the contractor. 
MU4 Facili ty snd Critical  Faci l i ty  roofing was completed. T b  contractor 
is installing partitions on the 0'-0" floor l e a l .  
baswrnt were conpleted and aze being pnpared fo r  painting. 
systems have been hydro tested. 
309 Bui ldhg f a c i l i t i e s  piping instal la t ion is  estinwsked t o  be 95$ 
completed. 

'phe PrrPIz and plppp p a w  a d  landscaping contract  is estimated at 83.5s 
c w e t e d  versus 88.5$ scheduled predicted t o  Juae 1, 196l. The initial 
phase of the roads and pa-, excluding work adjacent t o  the M Facility, 
has been coqleted.  @ M e r  instal la t ion and placupent of tap so i l  in 
preparation for  landscaping are proceeding on schedule. The sprinkler 
system has been installed around the 30s Building Snd south of +,he 309 
-w* 

psrti t ions in  the 
A l l  piping 

All tie-lns have been cmgleted. The 

Usta l la t ion  of the Etael Element Wadnat ion Facil i ty viewers has been 
delayed by Umited access durlng reactor operation, and the l a t e  delivery 
of handling balls being furnished by the CPFF ins+nl t ion cantractor. 
'l!he ycuipulator has been reeseembled a t  the vendor's plant and tested 
successfully. Shiprent is scheduled f o r  the end of my. 

Drawings of the modifications required on the WO storage tanks being 
procured from the 200 areas and f o r  installation have been comgleted and 
are being muted for approval. 

%e final report of EZectric Boat  Mvisioa of Ge!nerel Dynamics Corporation 
on the effect of earthquakes an the PKPR primary system p i p a  and equip- 
ment recommnded that hydraulic snubbers be installed in f ive locations. 
Upan request, Electric B o a t  has furnished the detailed functianal require- 
mtpta fo r  these snubbers, and the procurement of the snubbers has begun. 

Plutonium Recycle Cri t ical  Faci l i ty  (M-8421. 

loo$ scheduled as of April 20, 1961. 
been installed and only c leanq  items covered by a work l is t  remain. 
appears that it will be necessary t o  delete so= painting on the floors 
and north wall of the C r i t i c a l  Facil i ty due t o  moisture seepage through 
the walls from the storage basin. 

The building construction 
.contmctor is est-ted t o  be 99.3% complete predicted t o  June 1, versus 

It 
A l l  major building equipment has 

1 2 5 2 5 1 b  
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An estimate for  equipment ins%allation work by the CPET contrac5or has been 
r e c e i e d  and a requess fo r  p a r h i e  release of f m d s  has been in i t ia ted ,  

The drive shafts and gearing used fo r  manual operation of fue l  traztsfer 
lock doors w e r e  modified by the vendor. Both doors can now be o p r a t s d  
manually. 
tions and adjustments t o  be made. The compression seals did r iot  axrive 
i n  tim f o r  instal la t ion pr ior  t o  f i l l i n g  the PR!l'R storage basin with water, 
although both inflatable seals are working sat isfactor i ly .  
now have t o  be done with water i n  the bash.  

The h y k a u l i c  operating mechacism s t i l l  has several mdif ics-  

This work w i l l  

The Instrumentation Package vendor, GE-ApED, has not yet submitted f ina l  
specifications fo r  all instruments. 
has been made. 
and instal la t ion of instruments started. 

A request f o r  a firm 3elivery date 
Construction of the console cabinet shell has been completed 

Development work on the control and safety rods has been delayed by higher 
pr ior i ty  reactor operating problems. 
proposed for  use in  the temperature monitor- apparatus a ~ d  are beiag 
reviewed. 
t o  shipment. 

B i d s  were received on equipmen', i t e m  

The reactor tank has been completed and is  being tested pr ior  

Fuel Element Rupture Test Faci l i ty  (CAH-867). 
build- has been completed by the contractor and is  being used t o  ware- 

The Rupture Loop Annex 

house &x equipment: 
(RLT-b), and the cooler (RLBX-2) have been received cn-site. 

The storage tank (RLT-I,), decontaminatior tank 

Bids were received cn the motor control center and e lec t r ic  switchgsr.  
The l o w  bidder on the motor cmt ro l  center did not mee3 specifications, 
It has been recommended that the orders fo r  both the motor control c e n t s  
and switchgear be awarded t o  the next low bidder, Westinghouse Electric 
Corporation. 

A scope revision concerning the water f i l t e r  plant was prepared and is  
being circulated for  approval. 
of the plant, removes flocculators from the sedimen*atiori basiris and 
reduces the nuPiber of export pumps from three t o  two. 
presently four and one-half months behind schedule. 
is  estimated a t  lo$ complete, th2 annex building portion, versus 25% 
scheduled . 

This revision reduces the output capacity 

This work is  
Over-all constrxt ion 

As a result of detailed informa%ion received fromthe instrument panel 
vendor, The Foxboro Company, it became oecessary t c  provide regulated AC 
power t o  many of the transmitters and t o  c h a q e  the 1ocatioI;s cf several 
voltage t o  current transducers from f ie ld  to panel mounted. 
tracings have been revised and are being circulated f o r  approval. 

The affected 

Qe Zr-2 tube assembly has been shipped; cwo others are due before June 1, 
and the last +wo are scheduled fo r  July 1. 
delayed while corrosion specimens from the main tube sections were under- 
going three-day steam t e s t s  ir; ai autoclave a t  ElUO. These twc specimens 

The last two asseniblies ha= been 



hem failed t o  have a good odde appearance an a U  t h e  tests performed 
t o  date. me vendor, Chase Brass and Copper Catpang, is sending new 
ssnrples from these s a m  two tubes for corrosion testing a t  HAPO. All 
other corrosion s q l e s  (which come from the same two &-2 i n g o t s  and 
include the other three mein tube s q l e s )  ham passed the three-day 
corrosion test. 

rn two a y i o c  joints ~m delivered alolrg ~ i t h  the special 316-ty~e, 
high s e l d  strength, stainless steel studs. 
=*rial and ro l led m a d s ,  w i l l  be tested at HA#) in the Grayloc joint 
under thermal cycling and cambined pmssure and bending conditians. 

The capscrews for the test section joints were ordered from Briles Mg. 
Co. Seguado, -&a. These screws w i l l  use 8740 steel material, 
which h m  the eqyivalent streagtb of A-193-B7 steel (the AsMe C o d e  
materid) @us better notch sensi t ivi ty  and t-ess. 
and phylrical properties will be provided. 

B e  studs which use certif ied 

- 

Certified chemical 

The delivery of the shutoff, butterfly-type, valves f o r  the test section 
M e t  piping has been delayed. 
d e  final assembly, thus causing the valve t o  leak excessively. 

The buttexfly disks have been scratched 

The 
ing of test section components for  the r ~ l l  size m0rrl~u.p in a 4  -ding 
p i t  Is , :a  . te*!dm-hal.f completed B y  Tech Shops. Drawlngs fo r  
mdi-%b mw p i t  are out f o r  c m t .  

test section mockup is coqilete and ready for testing. Michin- 

Design and Coprpcment Testing 

PR-10 primsry Loop hbckq. 
during the month for a. total of 6488 hours. PUUP vibration remains a t  

The spare primarg pump operated 541 haurs 

0.9 rnil total, but vibrstian at pump aperating speed due t o  imbalance is 
approximately one-third this axwunt. 
than 0.01 gphr and occasiaml short duration temperature excursians are 
occurring. 

The seal leek rate  remains l ess  

The prototype pung w i t h  the self-adjusting seal assembly operated an 
additional 411 hours for a to ta l  of 7928 hours. 
is 0.5 gphr .  

The present seal leakage 

The seal test stand oherated an additianal 155 hours and 21 s t a r t s  for a 
t o t a l  of 1030 hours and 138 starts with the two prototype mechanical seal  
assemblies. 

no action was taken on the Aldrich puxup tests this month. 

Flexure Lo 
&g hours and 148 cycles operation at  2000-2LOO psig and 200- 
600 F w i t h  no leakage. 
failed. 

. The three-cl8np Grayloc transit ion union (SS t o  2 - 2 )  has 

Testing was halted on 5-12-61 when the low heaters 
New heating elemmts are on order. 
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PRTR Calandria Access Plugs. 
szlodize coat will best prevent galling between the access plug ma c d a z -  
dria top plate has been coqleted. The best coat is a sealed Dxalic acid 
coat, the details of which can be found on drawing H-3-13393. 

A short testing grog--am to deternine which 

PRTR Process Tube F l q .  An adjustable rubber plug ("Txm-Tite" Tyoe T) 
which can be inserted into the inlet of a process tube to ccnt,sin water 
in the tube during discharge operatiom, has been ordered and wiil be 
tested. 

Shroud Tube Replacement. 
(SK-3-9927) has been given to Minor Construc3ion for estimating fabrication 
costs of the complete mockup. 

A set of "Shroud Tube ReFlacenent lbckup" ilrawirigs 

Design Analysis 

PRTR Safeguard s Analysis. 
safeguards specialists continued during the mnth. Several deviatioris to 
Process Specifications were issued to permit performance of special. tests. 
Reactor power was reduced twice upon the advice of safeguards personnel. 
In both cases the reduction in p m r  was caused by noncor;fomce with 
Process Specifications (excessive containment vessel pressure, low primary 
system storage tank level). 

Shift coverage .of PRTR Opemtion by reactar 

PKFR Startup Tests. 
the early Power Tests may be summarized as follows: 

Preliminary results of the final Critical Tes%s and 

1. Temperature Coefficients - Data obtained to date indicayes the 
coefficients as follows : 

/ 
m i  - 4 10-5 T I C ,  - considerably more negative than prcvimsly 

estimated 

Werator - 1 x 10' +/OC, in good agreement, with prr-ncus 
calculations. 

These values are preliminary at this point and may contah large 
error. 
substantiate or correct these values. 

Additionai data w i l l  be obtained during the Pmer Tests TG 

2. Cell Flux ~IXI Kinetics Experinents - Data fromthese tests have 
been analyzed and the results appear satisfactory at this % b e .  

3. bbderator Level Coefficient - Further analysis cf the data was 
made using least squares techniques and various weighting fmctiors. 
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4. 

5 .  

6. 

7. 

Shim Rod Tests - Work has begun on the analysis of the shim data 
obtained tbroughmt the Cri t ical  Tests. A nrethod t o  normalize 
the data for useful analysis was develcped. This vill require 
a c-ete analysis on the vertical  flux distributions before 
f ’ u r t b r  work can ba done. 

Xena Tmuasients - The xenon transients were followed thraugh the 
met* power aparatlng periods. calculations agree within lo$ 
with experinmntal results from the reactor. A coquter  code was 
initiated t o  aid in these calculations. 

photaueutmn Ylux - photoneutron flux neas-nts were obtained 
afterreactorshutdowns. 
definite half-lives in the decay of the flux from two t o  30 hours 
after shutdam. Apparent half-lives range from 900 t o  85 minutes. 

mUminary data show six t o  eight 

Essia Chamber Positioning - Data obtsined from traversing one 
of tbh i i sa ian dmmbera through the refelctor  indicate an exponen- 
t i a l  decrease in flux aa the chamher is moved out. Further 
-ta a m  planned. 

Pmzishi . nlltial macreuruparrts of PKllR shielding adequacy have 
&en cm=. 
satisfactory shielding accept for neutron streaming through the large 
gas lines penetratiq the bottom shield. 

results of thlse maas-ts at low parer indicate 

Gold foils were *cad an the top and bottom prinrevy shields of the PEiTR 
to determine the thermal neutron flux. The foUowing table is a summarg 
of the b t a  obtained at a p m r  level of about al2c rpegawatt. 

~ e u t r a n  nux (n/&/sec/w) 

Bottom 

2:4 x ldc 
4 

Tube auaer Tap 

1550(center) 1.3 x lb) 2.2 x 10 
1552 4.0 x l& 2.1 x 104 
1554 1.2 x 104 -- 

1.6 x 10f: -- 1546 
1548 4.6 x 10 

Foils were also placed on one of the dump valve assemblies near the face 
of the bottom primsrs shield. The measured thermsl f l u x  in this position 
was about 3 x 105 n/c&/sec/W, higher by a factor of about ten than the 
fluxes lpeasured elsewhere. With the reactor operating a t  70 W and using 
the flux nmaaurcd at the dump valve assembly, the thermal flux extrapolates 
t o  about 2 x 107 n,/c&/sec. The activation of stainless steel has bees 
calculated on the-basis of the activation of its components. Us- a 
thermal flux of 2 x 107 n/c&/sec and slab geametry, it was estimated 
that eight hours after shutdown the dose from the stainless s tee l  would 
be about 20 mr/hr. 
been wrapped with csdmium foil t o  reduce the activating flux through 

The large gas lines in the lawer access space have 



these large shield penetraticm Further f o i l  s c % i v a t i x  rreasur=Er-ts 
w i l l  be perfomd at higher pcwer l s e l s  t3 check thest resulfs ar-l 50 
detemins +&e effectiveness of the cadmium wrspping. 

PRTR Lass of Coclan3 S t a y .  Ari irvestigaticlz of the sffecrs :f LOSE cf 
coolsnt in the PRTR with condit,ians .;f vaqdng coc1Ptz srl Z C ~ C G G ~  

quality has bee= capleted.  
loss of H20-degraded coolan+, (0.25s t c  lOC$) md 0.25% H@-&egra&3 
moderator. 
as w e l l .  
by calculation with 
tube traverse. 

Experimxxtsl data &-e avaihble  a r  f z r  

Calculations were carried out f o r  otker naoderator q U i + , i s s  
The experinrental effects have been subs+a t i aEy  zepmducsd 

t o  both whole reactor coolant loss  arrd zadial 

The calculations were p e r f o m d  using the "SWAP" computer code. The 
SWAP method provides an estimate of a aeutran ml t ip l ica t ion  change o r  
perturbation (ccolarrt loss) at the center of the reactor and Seduces 
the effect of the same change occurricg eisewhere iz the reactor tLwou& 
the application of statistical weight as t r ibu t ions .  
lo$ H2Gdegraded coolant from a 3 l  tubes, nc positive reactivity effect 
was found w i t h  moderaaor degradations of 1 6  H20 or less .  

PR!lX Operations 

For loss of up t o  

Reactor Testing and Activation. 
month. 
mately 53 MdD of core exposure duzing the m a t h .  
reactor was shut down f o r  extensive main*enance and modification wcrk, 
f o r  repair of PuAl fuel elements aod for kvestigatior. an3 correcyicn 3f 
halogen contamination of the pr- coolant. 

Power tesss were ini5iated during t;Ls 
The reactor operated at  levels ug ta 15 W ,  accumls$ing spproxi- 

Pricr t c  mmth-5L.d. the 

Continuing f romlas t  month, all U@ fuel  elements were discharged for  
cleanup and removal of ion exchange resin. 
flushed extensively through temporary screens t o  remove all resic  frmi 
the p r i q  coolan3 system. Following this,  the fuel elements were re- 
charged, and sCartup preparations began on Aprii 30. 

The primary coolan% was 

On Msy 2, start- preparations were c c q l s f e  a& Pare,- Tests wer5 stsr~e3~ 
After low power shielding tes t s ,  the resctor was b r o q h t  TC me M4 fc=. 
cold tes t s .  
tures for  hot t e s t s  including 11~3asure~r=; of the temperazure ccefficien5s 

The coolan5 systems were + b n  brought t o  elevated f a q e r s -  

O f  I%aCtiVi*y. 

Power tests were in5errupted cn b y  6 f o r  e lectr ical  and water supply 
outages external t o  the PElTR fac i l i ty .  
work were performed while the reactcr was shut io=. 
a spurious *rip of the Ugh$ water injsctioc systen occurred 
loose f i t t ing i n  the air l i ne  t o  Val-* E-17. 
dilution of the primary coclact t o  apprcurimately 96.q @O. 

Miscellaneous i t a m  of mainteLmca 
Duril lg th is  ou3ap 

30 s 
This incidec: resuLtsd i n  
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01 Wy 7, power tests resumed but were again internrpted on b y  8 due 
t o  excessive prLmarg ccolatlt act ivl ty  and due t o  excessive a i r  ac+,ivity 
In the contaimmnt vessel. FoUuwing fuel element rup- investigations 
and comct ion  of process gas leaks, the reactor was restW,ed on B y  9. 
Power t e s t s  at levels t o  10 W continued until  m y  12. A maintenance . 

outage was taken on l&y 12 aud 13. 

(h 14, power tests resumd a t  10 W ,  raising t o  15 W on May 17. 
?ba reactor was shut down on b y  18 due t o  failure of the inst-t 
pawar Ms sat and rmalned shut dawn bor an extended outage which had 
been planned t o  begin a few day3 later. 
mpnth-and. 

'1zlis out- continued through 

The f t a d  transfer equiprnt was made ready for the first "hot" discharge 
oparstion; the storage basin and the transfer p i t  were f i l l e d  with water. 
!hkee U% elemnts and one ArAl el-t were discharged t o  the storage 
basin. Tnspectiau revealed brokan bands on the FuAl elemtnt; further 
FuAl discharge and inspectiau hvaaled this t o  be a general problem. 
Study of this problem revealad up t o  25 ppm chloride, and up t o  U O  ppm 
fluoride in the primary coolant. Bmst iga t ion  into the source of this 
contuntnntiau aud checking for any further barmfttl effects is in pro-ss 
at mmth-end. 

The mchanical sesls and neoprene seala in a l l  three primary punqs were 
replaced in the outage beginaing m y  ~ g , l a .  three pups hsd over- 
heated during operation at prlnary syatem tenrperatures of 415 F. Seal 

bearing teqeratures reached the limit of 150 F due t o  high cooling water 
temparatures in the o i l  heat ex-. 
that overheating c u e d  by inproper seal lubrication resulted ir rapid 
wearing of the faces aad dansge t o  the neoprene seals. The l a w  p ~ s s u r e  
secondary seals were daxrm& most. 
during cooling at the  primarg sea l  and during depressurization at the  
seccmdazy seal was a larger volunm than the seals could purge themselves 
of at t h i s  particular system operating temperature. '1zle operating tp-moera- 
tu re  of 415 F I s  in the range of maximum solubi l i ty  of helium in water at  
lo00 psi ,  and is therefore the most severe operating point which couid be 
selected. A t  the des- uperating tenperat- of 478 F, helium solubili ty 
is reduced t o  less than hall that a t  415 F, and the severity of service is 
less. 

temperatures =ached 88 high 88 225 F on PP-1 and PP-2, and the thrust 

-tion of the seals revealed 

It was concluded that the helium evolved 

A modification of the pri;raarg system piping was made t o  furnish cold B O  
injection t o  each prinrarg pump. 
storage tank and normal injection pumps through a new masifold with 
selector valves and a pressure regulating valve. 
then continually be injected at a rate af 0.5 t o  me gpm t o  plz-ge out 
h e l i u m  saturated %O. 
through the prinrery seal should not evolve heliumto damage the law 
pressure seal. 

I n j e c t l a  w i l l  be provided from the 

Helium-free %O xili 

Additional cooling w i l l  be provided and leakage' 
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Two precautionary measms we=? taken ts protect %be system ir. ca6e cf 
future overhesting. They are as fsUws: 

1. The pr- pump o i l  heat exchangezs were prwided with a 
separate water sugply t o  prwsct  merheating the p u p  
thn.18~ kea-ings. 

2. The seal leakage water t o  M-1 was routed tt=ro-@ a heat 
e x m e r  t o  guard against overheating the ion exchacgs 
resin. 

Two diaphragm failures occuned in law pressure heliuin compressors dur ing 
the month. 
p i t t ing  on the surfaces which face each other. These diaphrse;ms, which 
operated less *& 70 hours, have been saved fo r  IPletUurgical examina- 
tion. 
ance and have frequently overloaded o r  fa i led t o  s*,arc. 
indication of diaphragm failure.  
were overhauled during the current shutdown. 

Qe pair  of failed diaphragms exhibited severe gall ing and 

The high pressure helium compresscrs have been errat ic  i n  perfcm- 

The oil regulators in  these compressors 
There is  EO 

The high pressure hel ium system has had a very satisfacfory degree of Is&- 
tightness during the month. ‘Numerous repairs were made t o  the bulk 
storage and low pressure systems t o  reduce the excessive helium ccc- 
sumption. 
operable because of excessive air inleakage. 

The reactor dry gas moisture detection system is s t i l l  ir- 

Effluent piping modifications w e r e  made t o  reduce radiation 3sckgrcu~d 
from short half- l i fe  ac t iv i t ies  a t  the effluent act ivi ty  monitors. 
pressurized shield coolant drain was rerouted tc bypass the monitoring 
chambers and those cooling streams w h i c h  could becanve contaminated by 
fission product3 were relocated t o  remain monitored. 

Tha 

The fueling vehicle and fuel transfer systea pe r fomd sa3isfacsorily 
during the f i r s t  discharge of irradiated fuel. 
will be made t o  -rove ease of operation of the vehicle. 
idler  wheels was removed f r o n t h e  vehicle t o  f ac i l i t a t e  travel t o  the 
fuel  examination f a c i l i t y  over an =even spot on %he r a i l s .  

Sam? minor a;Lterat,ions 
We pa i r  of 

Difficulty has been experienced with deaerator l e ~ l  caztrcl, boiler 
feedwater control, and boiler feed pump re l ief  valves 3urirg contimer’, 
operation a t  low power le-rels and low >oiler pressures. V e v e  repairs 
have been made and a f ice  contrcl val= added 1;3 the boiler feedwater. 

Various difficulties, i nc lud iq  Epeated loss of D20 flcw t o  the gas 
balance compressor and vacuumbreaker, have been experienced because crf 
piping vibratior;. Additional sqporks have been placed oa offenaing 
l ines  and on piping most a e r a b l e  t o  mechanical w e .  

Repairs and maintenance of the venCilation system were p e r f o m S  in order 
to improve air circulation ptks i~ +he containnznt vessel axA reduce 
airborne contamination problsms during reacscr cperation. 
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bkdifications t o  the log I'flux monftoring systa  in the f o m  of adding 
a third A C,hird log N amplifier was 0bCV-d and 
mdlfied t o  be cosIpetible w i t h  the two izstalled amplifiers. 
f l e r  is currently undergoing operating tests in tbe panel. The log N 
period t r i p  portion of the safety c i rcu i t  waa rewired as a coincide=* 
circuit .  Overlap features of the eafety sgetem Ku1 be &red as a co- 
incident circui t  next mth. 
the log B q l i f i e r  was obtained. 
P, & mnth after Mlnnr Carrrstxuction fabricates a new si& shield plug 
t o  a c c m t e  this chamber. 
chamber) currently located in P, w i l l  be relocated in &%or hole lL 
alaprs wlth skrrtup channrl number 1. 
should improve reactor tinm operating efficiency by reducing ?he number 
o f  spurious safety circui t  t r i p s .  

The instnrmhnt power motor-generator set failed sod caused a reector 
outage an b%y 18. 

sttyplyins power t o  the flux instnmmtation t o  increase t o  the point 
where the circui t  breaker opened. 
in turn caused the reactor shutdown. 
(1) rive recorder +ea t o  blow, (2) tvo period control amplifier fuses 
t o  blow, and (3) failure of 
resulted in discovery of a power phasing problem between flow monitors 
in "C" c e l l  and the data system in the control room. This vas resolved 
by prov ld iq  power t o  a portion of the data system from the "C" ce l l  p c e r  
supply f o r  the -tors. 
checkhd f o r  possible damage, but .rime was discovered. 
instlumantation is being checked t o  insure thaz further failures 
did not result. 
s t a r t q .  

A comparison of flow -tor readout in "C" c e l l  wtth the flaw readout 
in the control KXIPI showed 15 chmnels having differences of 2-5 percent 
scale reeding. l%e dlfferencss a m  currently being resolved. A recheck 
of all flow -tor calibratiaaa will be made pr ior  t o  reactor startup. 

Flow in process tubes xi+& tske-cbrs near the inlet ring header 5ul l  tee 
fluctuates approorimstely f 7 percent. 
flow -tor t r i p s ,  +h valves in the sensing lines t o  the ven),uris f o r  
these tubes were throttled. Thermal Hydraulics is c m t l y  tes t ing  the 
relationship between t r i p  time delay and throttling t o  ir;sure c ~ z i n u e d  
re l i ab i l i t y  of flow &tor protection. 
checking t r i p  action and fo r  limiting the amount of thrott l ing permi t t4  
were initiated. 

were started. 
!I% ampii-  

A third caqensated ion chamber for feedkg 

'1~le second startup a e r  (a fission 

It will be installed in -tor hole 

Triplication of %he log II system 

The output voltage of the system increased from 480 V 
m i s  caused the currcpt in the circul* 

Loss of power t o  the f l u x  inst-rzts 

t o  sa&hing hl b X C 8 8 8  of 600 v. 

The over-voltage also cauaed 

three seismoscopes.  he failure &so 

All neutron instrumentation was thoroughly 
Operation of sll 

Seismoscope repair  w i l l  be complete prior t o  reactor 

To reduce the nuniber of unnecessary 

Special operating procedures for 

The cablss t o  two outlet R!l!D's were found broken ne= the €UTI connector. 
Spare cables were connected t o  the subject KID'S and the 3-l; cable 
vas subsequently repaired. 
t o  the m e t  K13). 

A sirpilar break was discovered in the cable 
It wtU be repsized prior %c reactor s t d a p .  
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During she l a s t  operating IZZL: it, was disccvered that $he D20 r e c o - ~ r y  sir 
flow in ths upper and lower access space affzct,s zube temperatlz? neas-5- 
mencs. 
problem. 
were i n s t u e d  on various in l e t  j q e r s  k~ f m h e r  t e s t  the effect rJf a i r  
flow on in le t  temperature measuremeI;t3. 
w i l l  be evaluated further during t i e  next zperazing ma 

All of the gutlet  KI!D9s were Lsuia tcd  t o  t r y  t o  allmiat= :he 
The in le t  KlTD wil l .  likewise %e ir,sulated. F w  spare RITD?s 

Accurscy cf t,em-geramra isca 

Additional backup instrument a i r  has been provided f o r  the c m t r o l  rscm md 
the containment vessel. 
will 3e provided when design i s  forsa l ly  apprcved. 
provldes an added degree of protectioL against failure of i~szrumecri a i r  
headers in any portion of the system. 

Further backup 30 specific i n s t m n 2 s  a d  contrcls 
The additional bsckup 

Uork cmtinues on the rupture moni5or system. 
fai lure  of the flow t h ro t t l i ng  a v e s  has occurred. A vendor's reprzseIl+a- 
t ive  tentatively places the cause of these failures on i q r c p e r  l u k r i c s ~ i c ~  
of the valves a t  the factory p r io r  to ship-nt. 
will tentatively be fuz ished  by the vendor. 

Essentially 100 perceL3 

Replacement valve parts  

A special gas sample l ine  has been run fromthe degasser on tke primary 
purification system t o  the rupture monitor. 
sample act ivi ty  monitor so it can be continuously analyzed du r i r i  the r;ext, 
operating period when special rupture tests wi l l  be run. 
the test w i l l  include continuous monitoring of a bulk liquid samplr,, 
continuous monitoring of the radiation level at  the top of the pressvrizer 
and at the LP He storage tanks, scd intermi+tent sampling of variws 
samples by Chemical Research and Developmnt persomel. 
is designed t o  abtain further information on the existence o r  con- 
existence of a mptured fuel  element. 

This gas is  piped t o  a bulk 

Other phases cf 

The special t ess  

A bypass was installed in  the l i gh t  water injec3ion sys+,em so the system 
can be bypassed when the gas balance compressor is  co t  operating. 
second solenoid was installed in  +,he control a i r  l ine  t o  the i;wc l i gh t  
water injection valves t o  provide protection agabs t  solenoid fa i l -u? .  
Further changes are contexplated t o  protect against failw-s in the 
electr ical  circuitry of the system, 

A 

Radioactive sources were positioned approximrnely 19 izzches aboTe +,he HM 
c-ers monitoring aqueous effluent activity.  
t o  give an on scale indication on the effluent monitors a t  a l l t i n e s .  The 
low tr ips on the monitors were connected t o  an alarm annuxiator such that 
any failure of the m i t o r s  that gives a downscale reading wi l l  be alamel.  
Such:.a non-fail safe failure occurred during the m t h .  

The scurces vere pcaitianecf 

mans and Procedures. 
ta procedures were approved during the month. 
Procedures were revised as experience was gained +&ough reactor operaticn. 

by the P€UZ Startup Council. 

E igh t  new opera5ing stand&s and far new opera- 
Nmrous s tandarb aLd 

A t  the month-end f i v e  st-s and f i v e  procedures =mined zc be apprcved 
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mutcarium Fuels Developmen t 

Fsbrication Develapmen t. 
pawders is being ccatinucd. There is s u m  evidence that swaging of fxsed 
U@ ximy increase the gae pickup from SOODC Oak Edge and Chalk River 
experience an swaged rods. 

density determinatim and mctallogrsphic exmination and stored for  two 
moptha. 5 first tvo inches of the open end of the rod were rupoved 
discarded after which a U@ s q l e  was taken f o r  analysis. This sample 
rdeaeed tatd gas w i n g  t o  0.166 cc/g (at  100O C )  aa conpared t o  
0.03 cc/g for a saqLe of -20 mcsh rpaterial from the same oxide l o t .  
rod was swaged with prewelded end caps w h i c h  should preclude the pickup 
during swaging of any gas other than helium (the weldlng atmosphere). 
The fac t  that the open end of the rod was exposed t o  the atmsphere for 
two lpopth9 doe8 not eli?nbate the possibil i ty that the swaging had in- 
creased the surface activity of the particles t o  the extent that they 
Muld pick up this emoupt of gaa during their exposure t o  air. 

-8 not pick up this much gas. 
rods will be opened and the &de imidia te ly  placed into the gas collection 
apparatus. 

The study of gas evolvbion from U% and Pu% 

A sanple was taken fram a rod which had b e m e !  
' cold swage reduced by 40 percent t o  a density of 10.0 g/cc, sectioned f o r  ' 

The 

Reviaus 

To check the source of the gas, slraged 
t e s t s  have ShaJn that fused oxide of this tspe in the ullswsgcd condition 

Compaction by hot raU.lng is being investigated as a method of obtaining 
high deasity U k P u %  for oxide fuel core material. 
304 stnin7ess stegl can with a 3/&inch evacuation tube was f U e d  with 
U% arid heated to lo00 C. 
microns vacuum and then welded shut. 
and sealing the evacuation tuhe was not completely successful becsuse the 
can enlarged slightly on reheating after the evacuation &be was welded 
closed. The powdcr-filled, stninless csn WBB heated to 900 C and rolled 
a t  -a speed of 100 inches per mixlute. 
i n  one pass: The roUed can WBB cut open and t&e coxupact was >=ken up 
f o r  examination. A portion of the m a t e r i a l  appeared t o  be completely 
sintared%hile the reminder se-d t o  be only par t ia l ly  sintered and 
samwhat lamr in density. mzrther experiments are planned. 

A 5 x 5 x +inch, 

The evacuation tube was pinched shut at 35 
The method employed f o r  flattening 

A 50 percent reduction was taken 

The incrupental loading of -1 rods reqyires a loading device that w i l l  
reproducibly deliver nmnf, accurate amounts of oxide materlal. The 
particles t o  be loaded will consist of both fine sized particles (-325 m) 
and mixed papticle sizes (-20 m). 
requested t o  forward information on automatic loading  devices which 
w-d have suitable @cation t o  this process. 
received describing devices that appear applicable. One device operates 
on the principle of delivering a unit of constant weight; the other 
operates on the constaut volumc principle. 

Vendors have been contacted and 

Two replies have keen 

A shotgun powder loader has been tested, using both mixed and uniformly 
sized oxide feed material, t o  examine the load reproducibility of the 
device; several t e s t s  were run, using various kiight increrpents. 
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Reproducible results of f 3 - 4 w/o were c'ctdned. 
loader would be necessary t o  make it suitable f o r  production use, 

Modification af the 

Two elements have been destructively senpled, prior t o  swaging, fo r  
longitudinal plutonium anslysis. 
by the high percentage of fines nethod; the other w a s  incremtnuy 
loaded by hand. 
mine i f  there w a s  any segregation of the -02. 
over a large area of U@, manually mixed, and then blended for  two hams 
in a twin shell blender. 
Analytical results have not been received on any of the above samplesa 

To verify a report of possible incomplete calcination of plutonium 
oxalate t o  plutonium oxide, several samples =,re heated up t o  906 C fo r  
one hour. 
this method. 
blending or  loading step, fo r  a l l  future elements, Incomplete calcina- 
t ion not only affects  the total-plutonium content value, but would con- 
t r ibute  t o  gas evolution and pressure buildup within the fuel  rod during 
reactor operation.. 

One of the elenien3s w a s  bot t le  loaded 

A blend was mde of Fu02 f ines  and U02 fines t o  -deter- 
The PuO2 w a s  azrinkled 

Sanphs were taken of the blend f o r  analyses. 

Weight losses of approximately three percent were found by 
Calcination of the Pu% will be necessary, prior t o  any 

The possibi l i ty  of outgassing a loaded rod pr ior  t o  welding i n  order t o  
reduce the pressure t h a t  w o u l d  be caused by e n t r a m d  and adsorbed gases 
during reactor operation was Investigated. It w a s  f e l t  tha t  outgassing 
of the rod would be difficult due t o  the extremly large mean free path 
presented t o  the atom except in the inmediate region of the outgassing 
surface. 
length tube. 
done at room temperature, recording the different ia l  vacuum gage readings 
at both ends of the tube. 
each tlme reducing.the tube length by half. 
observed un t i l  the tube length (originally 62.5 inches) had been reduced 
to  1 5  Inches. A t  this point after 3.5 hours outgassing, the g8ge at the 
tube bottom read 600 microns versus one micron at the manifold. 
inches i n  length, after 18 hours outgassing, readings were 40 microns 
versus two microns. 

A thermocouple vacuum gage w a s  inserted at one end of a full 
Outgassing vas The tube w a s  then loaded with fused U02. 

The experiment w a s  repeated several times, 
Negligible outgassing w a s  

A t  7 . 5  

Gannna autoradiographs were taken of U+-Pu% cagsules, i n  which the f i l a  
w a s  wrapped completely around the capsule. Exposure t i m e ,  using a slow 
f ine grained fi lm f o r  maximrlm resolution, w a s  65 hours. 
autoradiographs, the intentionally defected areas were easi ly  detected. 
As previously reported, the defect distribution i n  certain capsules did 
not appear uniform across the dianeter. The capsules which were loaded 
from a large "batch" mixture, also showed v m n g  film densit ies along the 
length of the autoradiographs indicating probable nonunifcrm dls3ribution a 

Previous information has shown nonuniformity of Fu02 i n  large batch 
blending operations. 
loaded t o  give bet ter  dis t r ibut iocal  control, are planned. 

As with previous 

Additional capb;ules, which w i l l  be incrementd-ly 
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The use of the gama g;rtoradlograph techniqye as a nondestructive t e s t  for 
Pu% distribution appears prOmising; since it appears t o  be able t o  detect 
ve r i aces  in concentration belaw t h a t  currently obtainable with electronic 
nondestructive testing devlces. 

Five-inch s e p n t s  were cut from seven U02-Pu0 rods t o  provide irradi- 

surfaces and counterbored ~ ~ a a s  of four of the cagsules were decontemi- 
mad.- DecontmudnatLon of the counterbore was especislly difficult  due 
t o  s a m  of the cod& -rial being ground irrto the cladding. The weld 
zones on these four capsules became cont"minnted during the welding step. 
Machhhg of the weld zone followed by rewelding, or removal of the end 
cape and -additional counterboring w i l l  be attempted. 

A 
88 a prototype rod for a seven-rod U O p P u e  cluster. 
rod8 are 
&de. The seven-rod cluster Kill be Urriformly enriched, and loaded 
incremantslly. 

ation pieces. After counterboring both ends o f the csgsules, the outer 

rod with swagahle end caps d contalnlng fused UQ was fsbricated 
Additional dummy 

phgared t o  obtain more data prior  t o  loading the mixed 

Additional design chenges on Zircalag-2 aregable end caps were ccmrpleted. 
A 8 U & t  change in the  weld Joint WSB mede t o  decrease the sensit ivity t o  
weldLng conditione such a&! angle of electrode and heat input. Trial end 
caps with b e e r  wall thlchess were fabricated in  order t o  flnd maximum 
w a l l  thlclmese and still U t a h  fu l l  penetration. . Evaluation of these 
end caps haa not been caupleted. 
tubing we* corrosion tes ted  in superheated steam at 400 C 6nd 1000 psi  
for  48 hours. m0 w h i t e  comosion product was observed. 

Tba vibratory compactor ha6 been set up t o  load eight-foot rods. 
of these have been loaded with fused U% to study the density variables; 
techniques sre also being developed t o  min-lmize the contamination problem 
at the crpen end of the tube. Rods have been packed t o  an average density 
of 89 percent of theoretical. There is usually a s l ight  decrease ( less  
than one percent) in density at the top and bottom. 
found t o  date has been a r a t io  of 65 percent coarse, 25 percent meaum 
end 10 percent fine. The use of an eight-pound follower rod increased 
the average W i t y  by about four percent and flattened aut the density 
variation msrlredly. 
u t i l i zes  a t e f l o n  end fbrture which also acts as a guide for the follower 
rod. 
weld area during loading. 

Two sections of swaged end caps and 

A number 

The best mixture 

The best technique f o r  loading the tubes t o  date 

Various s t r i p  coats are being investigated t o  Further protect the 

Fabrication ha8 star ted on fuel  specimens f o r  two experiments t o  be con- 
ducted by Reactor Lattice Physics Operation. 
ature Coefficient Ekperiprsnt, will require for ty  fuel element rods of 
one-half inch diemcter Pu-A1 core, zircaloy-clad and 20 inches long. 
Twenty elements use law exposure plutonium and tbe other twenty high 
exposure plutonium (approximately 16 percent P U * ~ . ) .  P l a n s  ca~ .~ .  f o r  
operation at 600 C. 

One, the Pu-A1 Fuel Temper- 

In order t o  check aut safe operation at this 
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temperature, twelve two-inch capsules have been fabricated for  detemina- 
t ion  of diffdsion as a funr,+Yion of ~ime a t  6.m C. A SeCoEd expr i ze r t ,  
the Pu2& Effective -Resoname b t e g r a l  Experimnt, requires zhe fsbrica- 
t ion of 22 rod-tyEe elements, using aluminurn-Flutonim cores c m e d  ic 
35 m i l  w a l l  0.680 inch I D  Zircdoy tubing sppcximately 51 inches lex- 
Eleven rods contsin high exposure plutoniup and 11 ccntain l o w  eqosare  
plutonium. 
hold t o  the specification f o r  Zircaloy which s ta tes :  
shall not vary from rod t o  rod more than one-tenth of one percent." 

Preliminary investigation indicates it w i l l  be possible t3 
"The Zircaloy zass 

Fuel Evaluation. 
rupture experiment has been operating sat isfactor i ly  i n  the EX% 3 x 3 
loop since M e y  5 .  m e t  and out le t  coolant temperature thermocouples 
indicate the power generation of the element is  about 1 5  percent lower 
than the predicted value and the surface heat flux at the polnt of m g -  
ture i s  about U 6 , m  Btu/hr-ft2. The element k d l l  continue operat,ioc 
un t l l  May 28 t o  build up f iss ion products at which time it w i l l  be 
ruptured. Coolant flow rate, pH, and temperature w i l l  be maintained 
at PRTR conditions and the element W i l l  continue operation for  as long 
88 three days after rupture. If the coolant activity is  not excessive 
at the end of this period, s parer cycle w i l l  5e reqyested t o  3 e t e d n e  
the effects  of water logging on +,his type of element. 

The Zircaloy-clad sluminurn-plutonium seven-rod cliister 

A 42-inch long Zircaloy-clad aluminum-plutonium injection cast  c luster  
has been shipped t o  the GllR fo r  i r radiat ion in the 3 x 3 loop. 
i r radiat ion test  proposal, h-69434, has been putlished and the elem?ct 
w i l l  generate a maxlmun of 1 5  W/ft  with an associated maximm heat, flux 
of 345,000 Btu/hr-ft2. It w i l l  be irradiated wder  PRTR coolant t e q e r -  
ature and flow conditions. 

The 

The two capsules (GEH-14-27, 28) with Al-2.1 w/o Pu - 2.0 w/o N i  alloy 
cores fabricated b inject ion casting have been irradiated t o  an e q o -  
sure of 2.80 x nvt. They were discharged 011 M a y  22, 1961. The 
specimns operated wlth a specific parer geoeration of about 25 kw/ft. 

Reactivity Easurements are being made on the Phoenix capsules i n  the 
Advance Reactivity Measurement Faci l i ty  (ARMF) at the M!IRo I r r d i a t i c n  
of the capsules is swdtixig approval of the revised Form 22* 13 was 
originally planned t o  attach boron impresated polyethylene taFe t o  the 
outside of the poison standards f o r  calibrating the ARMF. T h i s  tech- 
nique is  often used; however, it is  not as satisfactory as fravir4 the 
boron uniformly dispersed throughout the specimen. ALuminm-plctoniuzn- 
boron alloys are now being made i n  an e f fo r t  t o  uniformly disperse the 
poison material: i n  each sample. 
Some of the alloys have been cast and extruded and are now Selng 
chemically analyzed. 
nique for  these samples. 

Work has conrmenced on a 42-inch long U02-FuOr, Zircaloy-clad seven-r3i 
cluster f o r  i r radiat ion tesfing i n  the GllR 3 x 3 loop, It 7511 )3e as 

Four different boron al loys a r e  cee3ed. 

It i s  necessary t o  develap a new analytical tech- 



prototypical of the currently proposed PIER fabrication process as pos- 
sible. 
loading t o  a &om enriclmmnt of 0.46 w/o Pu02. 
swaged using swegable end caps. 

m e d  depleted UO, Ku1 be enriched with -02 fines by incremental 
The rods w i l l  be c d d  

Another gaamtrically similar Irradiation t e s t  is being planned. 
roda r o r  this element vill be incFementally loaded with Pub; however, 
the enricbxmnt VLll be varied along the rods t o  balance the longitudinal 
flux variation over the  &-inch fuel le h. The enrichment VFIl vsry 
frcm 1.75 w/o at thia top, t o  0.G w ”$” o Pu a t  the center, and 1.23 w/o 
Fu at t b  bottom. mth this type of loading, tba rods should generate 
about 15  it over air ent i re  length. 
lrrterast because tb enriching technique under developnmnt could be 
adapted t o  a W - s c a l e  fabrication effofi .  
with tbis type of element should greatly reduce the v e r t i c a l  peakjamrage 
flux rat10 and hence increase efficiency. 

!EE 

a his type o f  enrichnmnt is of 

A Aril-size reactor loading 

Bod length maaauremepts hare been made on fourteen of the rods from the 
imadlated aludnum-plutonium nineteen-rod cluster. 
fabricated by swage-rrlzing O.03O-inch Zircaloy tubing onto the aluminum- 
plutonium cores. The results of 
the I c M h  mamreumti B F ~  given in tbe following table: 

This elemcnt w a s  

It VELO l r rdiated in 2000 p s i  coolant. 

Rod No. 

4 
5 
33 
55 
69 
70 
80 
84 
88 
89 
90 
92 
94 
99 

fangth 
mer Irradiation 

(IRCbaS) 

35.441 
35 430 
35.385 
35.418 
35 -398 
35-3n 
35.422 
35.376 
35.348 
35 -474 
35 369 
35.416 
35 -427 
35.350 

Ungth 
Before Irradiation 

(Inches) 

35.325 
35.375 
35 375 
35.260- 
35 439 
35.4u 
35 458 
35.446 
35.424 
35.469 
35 
35 0463 
35 *488 
35 9429 

L 
l a c h e s )  

a.u6 
-i) 055 
*.a0 
+OS@ 
-0 ., 041 
-0 040 
-0.031 
-0.070 
-0.076 
M.005 
-0. on 
-0.047 
-0.061 
-0.079 

It is estimated that this eleprcnt waa subjected t o  about 15 thermal 
c-s during its irradiation in the ETR. 
four enCt 55 ,  the mtgeursmants indicate a general shortening of the rods 
of about v16 inch. 
mal cycling tests when using 0.030-inch thick Zircaloy and high %est 
pressures. 
and will be recheckeh, 

With the exception of rods 

W a r  results were obtained from ex-reactor ther- 

The nressurements on rods four  and 55 are probably in error 
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High Eberqy Imp act Forming of UO9. High temperature annealing (1300- 
1700 C )  of U02 compacted t o  high density by high energy impact forming 
may result i n  a density decrease of one t o  two percent, dependSrq upon 
the previous history of the materid. PreUmhary evidence indicates 
that it may be due t o  release of residual stresses in the high energy 
impacted material. 
particles t o  undergo a sl ight  relaxation, resulting i n  a s m a l l  decrease 
i n  density of the bulk material. 
density of 98s T.D. w a s  reduced i n  hydrogen at 800 C for  12 hours t o  an 
O/U r a t io  of less than 2.01. The density w a s  practically unchanged at 
@.3$ T.D. P a r t  of U 0 2  was then heated i n  hydrogen 12 hours a t  1300 C, 
and another part  12 hoFs  at 1500 C. The density of the sample heated 
at 1300 C decreased t o  96.6 T.D., and that of the sample heated a t  l 5 C O  
C decreased t o  96.4$ T.D. 

In  a previous experiment, sintered U02 w a s  crushed t o  -200 and t o  -325 
mesh end c q a c t e d  by high energy impact t o  97.9 and 8.1s T.D., respec- 
t ively.  A t  the same time, U 0 2  powder from pressurized water oxidation of' 
uranium m e t a l ,  having an O/U r a t io  of 2.19, w a s  compacted t o  97.6s T.D. 
Samples of the three materials were heated i n  hydrogen 12. hours at 1700 C. 
The density of the sample from -200 mesh sintered U% decreased t o  96.4$ 
T.D., and that of the sample compacted from -325 m s h  U 0 2  decreased to  
95.6$ T.D. The "water oxidized" U% remained essentially unchanged a t  
97.4$ T.D. 

Presumably, high temperatures permit the defomed U% 

Compacted, micramized U+ having a bulk 

Electron micrographs of polished and etched surface of the sanrples com- 
pacted from'-200 mesh sintered U02 revealed a marked difference ic the 
structure of the UO2 before and after sintering. 
material resulted in many shallow rounded depressions, w i t h  no evidence 
of preferential etching related t o  crystal  structure. 
etched surface cen be expected i n  non-crystalline or amorphous ma%erials. 
Etching of the compacted, sintered sample resulted i n  etch p i t s  character- 
i s t i c  of highly oriented crystals. 

Etching of the compacted 

This type of 

Exanhations of PKTR Swaged U02 Fael Elements. 
Q rue1 e lemnts  exarmnea I n  the I ow-out basin a f t e r  irradiation t.0 
1 5  MW reactor heat output were not vis ibly changed from the i r  p r e - i r r a a t i o n  
appearance. 
the PKllR fuel  element examination c e l l  revealed only a slight surface 
color variation along the length of the element, possibly due t o  film 
deposition. 
i n  place. 

Three FKTR Mark I swaged 

Subsetpent examinations of one element through the windows of 

All fixtures and w i r e  wraps appeared t igh t ,  uncorroded, and 
Non-autoclaved wire-end spot welds remained clean and bright. 

PKllR Thermocaupled Swaged U 0 2  me1  Element. A 19-rod PRTR Mark I swaged 
U 0 2  fuel element including six rods containing'themcuuples swaged in to  
axial positions indicated fue l  t eqe ra tu res  during PKTR parer runs t o  1 5  
(nominal) megawatts heat output. 

-excess of coolant temperature w a s  recorded a t  1: MW, at a cladding sur- 
face heat flux of approximately 50,000 Btu/hr-ft2. 

A maximum f i e 1  t e q e r s t u r e  173 c i n  

Preliminary evidence 



of improvlns bulk U the- conductivity was obtained during reactor 

of the Azel rod thennocouples is easi ly  and accurately c o m l a t e d  with 
transient behavior of the reactor as recorded in the control roam. 

operation at constan (% power levels of 10 and 15 MW. Transient ressonse 

Tubular Rad Elemant Irradiation - El%. 
nested tubular (PKpR Mark 11-C). fuel element (GHI-12-22) i n  the GZTR 
facility was terminated. 

aure had been a c d a t e d .  
fission products I n t o  the loap occurred during st-p of the reactor 
dter a shutdown. 
reactor mrtion of the l o q  was blocked by maintenance crews, pemitt ing 
the e l a n t  t o  sevelely overheat and probably contributing materially t o  
failure. 

Irradiation of a prototypic 

Ths thee- foot  long assembly operated Kith a 

The test was discontlnued after release of 
surface heat flux of 350,000 Btu/hr-ft2. About 450 MWD/T expo- 

zkring the shutdown, water circulation through the in- 

Tubular Rml ITfiadlcrtian - HAF+O. A tubular, vibrationally ccrmpacted UO 
teat elenrsnt (HAPO-6) FacentAy discharged after accunnalatilon of 150 MWDT 
in XER-1 loop waa vi- examined in the KE bssin. 
essential ly the sanm q p a r a u c e  it had before irradiation. The% was no 
evidence of swelling, warp, or other dimaneional changes. A smaU number 
of "hendling marks" were visible. The element --be returned t o  Radio- 
m t U u r g y  Operation for exmination. 

The elements had 

Fabrication Develaparnt. 
rods were successfully hot swaged at 850, 1000, 1100, and 1200 C. These 
ftml rode were fed through the coatinuous induction heating co i l  and the 
swage at a rate of tvo feet per minute. 
oxide scale formation were observed. 
been determined. 

Inconel-X end HaeteUoy-F clad fused UO, fuel 

No cladding niptures or excessive 
The densities obtained have not yet  

Au attempt was mada t o  hot swage fused 
1s zirconium) at 1~-1600 C. 
t o  lb0 C i n  the &stfag in&ctlon coil .  
the maximum teqerature attained wa8 UOO C. 
ing co i l  I s  capable of mom eff ic ient  heating and vill be used in future 
experiments . 

clad In Fansteel 80 (columbium - 
A t  om-half foot per minute, 

This material, however, could not be heated 

A sectional induction heat- 

Recent resdts indicate t h a t  hydrogen is - not absorbed significantly by 
Zlrcaloy cladding during induction heating and hot swaging. 
contradict results obtained from analyses of turnings from resistance 
beated Zircaloy cladding. The previous results msy have resulted from 
the mcbinhg operation u e d  t o  prepare the turnings.  
ments are in grogmss. 

These results 

Additional experi- 

A u t o c l a a  at  400 C and lo00 ps i  for 69 hours had no ef fec t  on the 0.009- 
inch thick, AISI-406 steel cladding of a four-foot long, 0.564-inch O.D. 
fuel rod being prepared f o r  Ugh temperature irradlation studies. The U@ 
fuel was bivfationslly campacted t o  88-8s T.D., and successAiLly sealed 
by Magnetic-Force welding. The welded closures withstood applied acceler- 
ations greater than 80 g, both before and during loading and campac+Yion. 
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Spacing Members fo r  Nested Tubular Fuel Elements. 
t o  four Zircaloy-2 tubes, 3.068-inches O.D. x 0.60-inch wall .  x 89&iziches 
long, for  use i n  fabrication of nested tubular fuel  elements by vibrational 
compactign. 

After machining, the tubes were sand blasted t o  remove any Zr% from +,he 
weld. The weld joints  w e r e  nondestructively tested by an ultrasonic 
method. Test standards were made from an extruded, ribbed tube by electro- 
machining crevices at the base of the ribs, 0.002-inch wide, &inch long, 
and 0.010-inch, 0.020-inch, O.O3O-inch, and 0.075-inch deep. The tube was 
submrged in water and each r ib  scanned by the transducer. Flaws on un- 
bonded lengths approximately 0.005-inch long could be detected, and weld 
widths, at any point, could be determined by ccrmparison with the standard. 

Hydridinp; of Zircaloy. ,Dist inct  differences in the extent of hydride for- 
mation in cold swaged and hot swaged Zfrcaloy cladding have been observed 
i n  metallographic studies of samples of each type heated at 400 C f o r  200 
hours. 
material. 
(transforpled beta s tmcture) .  Examination of samples of each type heated 
at 600 C fo r  200 hours showed that the hot swaged, transformed beta phase 
material had recrystallized and that the number and size of the hydride 
platelets were essentially the s a m  i n  both the cold swaged and hot swaged 
materials. 
s tmcture  markedly inh ib i t s  the growth of hydride i n  Zircaloy. 
be significant both in fabrication studies and in-reactor fuel performance. 
Irradiation tests are in preparation. 

Spacer r ibs  were welded 

Hydride platelets  were large and numerous i n  the cold swaged 
Hydride was not detected, however, in the hot swaged Zircaloy 

In other words, it appears that  the transformed beta phase 
This may 

Corrosion and Materials Studies - 
Process Tube Monitoring. 
e x w e d  vlsuaUy and the I . D .  and insulating gas gap were measured. 

Four Zircaloy-2 pressure tubes i n  PRTR were 

Prior t o  this examination the tubes had been subjected t o  operating con- 
ditions up t o  ll00 ps i  and 450 F for  a period of about two weeks. 
of th;? L.D. measurements showed that there has been no significant chauge 
in the process tube diemeters since they yere instal led i n  the PKTR. Com- 
parative diameter measurements made on three occasions fall within a range 
of 4 mils or  less. Hence, Internal diemeter changes, if-any, are l e s s  
than 4 mils or  less-than about O.l$ strah.  
jected t o  12,000 ps i  at 550 F woUd exhibit approximately O.l$ t o  Go@ 
s t ra in  after 100 hours. 
tubes at internal pressures e@valent t o  12,000 ps i  hoop stress and at 
450 F, 550 F and 650 F exhibited no measurable s t ra in  i n  48 hour t e s t s .  
Hence, the process tubes in PIfCR are performing in a manner consistent 
with pre-irradiation tests. 

Analysis 

Tensile creep specimens sub- 

Short-term pressure creep t e s t s  on annealed PRlIlR 

Comparing insulating gas gap rneasurements reveals an apparent decrease i n  
the minimum gap fo r  3 of the 4 tubes measured and no change i n  the fcurth 
tube. 
perature of the reactor w a s  about 50 F higher during the previous masure- 
ments. 

The reason for  the change is not known; however, the nordnal tem- 

In  no case does the minimum gap exceed design limits. 
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Ult rdhe-Grdned  Sheath Tubes. A the-pronged program t o  develop sheath 
tubed Kith an ultrafine grain size, l e s s  than 5 microns, by three differ- 
ent fabricating techniques is progressing rapidly. 
technical persbnnel o f  three different fabricators a program was devised 
t o  evaluate the effectiveness of: 
ins end law temperature salt bath annealing; (2) hot extrusion a t  low 
temperatures, Roch-lte tube reducing and low teqerature vacuum anneal- *; and (3)'hot extrusion at low temperature followed by drawing with 
law temperature lnte lrmedigta  a i r  and v- anneals. Itscnty-flve base 
tubes were double warm extruded by Bridgeport Braes Riverside plant, sent 
t o  HAP0 for exmination and salt bath annealing and fomarded t o  Reactive 
Metals, fnc., for tube reducing. mbe r e d u c m  is scheduled for comple- 
tion in early June. flondmtructive testing of the twenty-five extrusions 
showed them t o  be of good quality. 
scale inclusions near the ends. .Other than this the tubes were free from 
fluorescent penetrant indications m both surfaces except fo r  the normal 
end defects which occur near the teil end in this typ3 of extrusion. 

In cooperation with 

(1) - extrusion, Rockrite tube r e k c -  

One of the base tubes had two SIUU 

A law teaqaerrrtuh hot extrusion, U7O F, made at BAPO exhibited a re- 

tube was tube reduced by W o l v e r i n e  into .680" I.D. x .035" w a l l  sheath 
tubes with low temperature U50-3200 F a t e m e d i a t e  and final vacuum 
anneals. The 
finish and dimensional tolerances were very good. 

Cryetallimd microetructura with a grdn ai= of 10 micron~. This base 

The finished tube grain size was less than 5 microns. 

A warm extruded bsse tube (lO50-UOO F) made at UP0 exhibited a highly 
cold worked structum. 
1200 F and then drarn t o  sheath tube size By Hamey Aluminum. 
mediate air and y8cuum annealing % f i l l  be employed with maximan annealing 
temperahrres of 1250 F. 

Tbis base tube WFU be salt bath annealed at 
Inter- 

Zircaloy-4 mtCl math Tubes. 
Zircaloy-2 sheath tubes-has fa l len bebind scbdrile again as a result o f  
the recurrence of ht4mssed particles on the inside surface of the Wb- 
b g .  
plant but only 10-15s of t h s e  tubes w $ U  pass the fluorescent genetrant 
test. 
t o  SO$ of the tubing received due t o  s m a l l  implrtssed particles of Zirca- 
loy on #e inner surface. Wse particles are sl ight ly  oblong and measure 
up t o  30 mils in length tines ~pproxlmately 1/2 their length in width. 
SmaU cracks at the edges of the particle penetrate the tube w a l l  up t o  
3-4 mils.  Thr par t ic les  are attached on one end o r  one side t o  the 
parent m e t a l  of the tube w a l l a  Wcro-haFdaSss measurements show the 
psr t ic les  t o  be 2d3 times as hard as the parent metal of the tube. Pos- 
sible originating c w e s  are smaLl projections left on the base tube due 
t o  incomplete removal of extrusion cladding, gouges which turn up a' 
s m a l l  mound of =tal  and a m  introduced prior t o  the f inal  tube reducing 
oper,ation, and saw chips which are not cl3erred from the tube prior t o  
tube reducing. Photomicrographs of t y p i c a l  defects were incorporated 
with a l e t t e r  sent t o  the vendor in early February 1961. 
now a t  final inspection at the vendor's plant have been fabricated since 
this information WBB forwarded. 

The production of .495" I .D. low nickel 

Approximately 600 tubes em at fiaish inspection at the vendor's 

In Jeauary 1961 the vendor WSB inf'ormsd that HAP0 was redecting ap 

All 600 tubes 
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Effect of Metal Thickness on Corrosion and Metal Growth. 
ious thicknesses of X-8001 alurhinum Buoy autoclaved f o r  1, 4, 16 snd 36 
hours i n  360 C water have been compared t o  thermally cycled samples at  
equivalent exposures. 
more weight gain than the cycled samples. 
samples w a s  lower by about a factor of two. 
samples undoubtedly has a them ratcheting effect  due t o  the differ- 
ences in thennsl expansion of the m e t a l  and the oxide layer. The compar- 
ative results for  the different sample thicknesses w a s  the same, however, 
i n  both tes t s .  

Samples of VU- 

The uncycled samples showed gpproximately lC$ 
The growth of  the uncycled 

The thermal cycling of the 

The 0.002" s e e  corrodes the most. 
corrosion increases with increasing thickness. After approximately 16 
hours, however, the thicker samples are corroding at  a lmr rate than 
the O.OO5" sample. 
sample thickness. 
growth in either tes t ;  

From 0.005" t o  0.0621~ the i n i t i a l  

The growth of the samples decreases with increasing 
The 0.040'' and 0.062" samples showed no measurable 

Fretting Corrosion. 
by the material of construction. 

The depth of attack by f re t t ing  corrosion is  affected 
If a Zr-2 contacted a Zr-2 tube, both 

rib and tube were fretted. 
w a s  not damaged, but a groove w a s  worn in to  the tube. 
gold-covered-ribs were tested i n  contact with Zr-2 tubes i n  the CEp-2 
f re t t ing  assembly. 
UOH), and 30 a s .  . Natural loop vibration and an imposed vibration of 
3 cps were studied. 
f re t t ing  (((0.1 mil). 
Zr-2 had occurred, however. 
bu t  did not appear serious. 

If a steel r ib  contacted a 2-2 tube, the r i b  
I n  the l a t e s t  tests, 

Test conditions w e r e :  316 C, pH 10.0 (adjusted with 

Examination made after 786 hours revealed nelgigible 
Slight removal of the black oxide covering the 

Deformation of the gold clad had occurred 

The f re t t ing  tes t  using a PKTR Are1 elemnt  and PER process tube i s  
presently undergoing a long-term tes t  t o  determine i f  f re t t ing  p i t  depth 
wil l  be increased by increasing exposure t i m e .  
t o  realign the fue l  element and process tube t o  the s8me contact points 
during previous disc-ges so that fretting a lways  occurs i n  a new loca- 
t ion  a f t e r  each inspection. 

It has been impossible 

2. PIUTONNM CERAMICS RESEARCH 

Plutonium Dioxide - Uranium Dioxide 

The bulk of the e f fo r t  during the past month has been concentrated on 
high temperature phase equi l ibr ia  and melting studies i n  the system 
U@-PuO2. 
the phase diagram exhibits a maximum melting temperature of 2825 C at  
U@-- 10 w/o PuQ as contrasted t o  2730 C fo r  pure U02. 
t igat ion of the Pu02 r ich  end shows a smooth curve for  the liquidus, 
decreasing continuously w i t h  composition t o  2280 C for pure Pu02. 
Oxidation of Pu02 samples melted i n  he l ium,  which may essentially be 

As reported previously, the liquidus on the U02 r ich  end of 

Detailed inves- 
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considered ae quenched fram the solidus, cqrsistently indicates an oxygen 
t o  p l u t o d i  r s t i o  of 1.62, and probably is the phase previously identi- 
f ied  as cubic %O3. 
fo-a on the order of Pu 

Scherrer photopapha show the melted material t o  be single-phase. 

This f iad ing  together with prevlous data U o w s  several. speculations t o  
be mads on thb curygen-plutonium system and a revision of the esr ly  LASL 
phiuse diegrgn I s  being formulated. From the data available, it would 

(Rr01.62) has at least two allotropic nmdifica- 
tiope being BCC rare earth) at roam temperature and FCC 
war that cubic 

(fluorite) at -high temperatures. 
been determined-as 2350 C, slightly above that of Pu02, and i t s  calculated 
denalty is13.85 g/cc compared t o  11.46 g/cc for  Pu02. The tramformation 
tamparature mey be 650 C where the the- expausion hysteresis in oxygen 
deflclent Fu% ha@ previously been noted. 
will be checked aut as soon aa higa temperature diffraction and differ- 
e n t i a l  thermal analyses eqpipmrrt are available aad with aanedhg experi- 
m n t s  - 

The composition 1.62, k i v e r ,  corresponds t o  a 
The quenched structure is cubic face 

centered ( C a F 2 )  and has a 4 a t t ice  parameter of about 5.41 P. Debye- 

The melting point of t h i s  phase has 

The allotropic transformation 

Anather point o f  interest 
has mquerrtly been seen during heat treatments of PuO in hydrogen. 
ing recent dlscuisslons with Dr. I,. E. Russellof Ear&., he exhibited a 
photomicrograph at the composition PuOl.g2 which w88 pear l i t i c  in nature 
and apprent ly  the result of a eutectoid reaction at this composition. 
a- of rn. previous quenching experixmnts have indicated oxygen deff- 
cient Pu% t o  be cubic at temperatures as low BB UOO C y  and it is 
therefore speculated that the eutectoid occurs at 650 C according ta :  

this system is tbe cmrposition EuOl.82, which 
Dur- 

giving a n - e a b l r l u m  tvo-phase stzucture at room temperature. The cam- 
position P u O 1 . 9  a s e s  ?ran previous ,sintering data and is probably the 
lower l imi t  o f  a sol id  solution phase at -02. 

hblted structures of U O p P u ~  carpositions have also been investigated. 
In nrl ted samples of U% - 10, 40, 75, and 90 Puop, no indications of 
"cubic Pu@ '' have been noted. 
have genera;ly been higher than those theoretically anticipated. For 

l a t ion  function was 
Of U% - 25 €902 if It is U8-d that -02 IS l o s t  during melting. 
the other hand, the increased l a t t i c e  parameter may simply be fhe result  
of a loss of oxygen with no effect  on the Pu/U atom ra t io .  
sample of U O ~  - 10 P U O ~  gave a l a t t i c e  Faremeter of 5.463 2 0,005 )7. as 
obtained by averaging the high angle l ines  and is  good agreement with 
the  premelted value. Additional experiments on U02-Pu02 melted stxuc- 
tuns wlll be performed next month. 

Latcice parameters of the m l t e d  s e e s  

w e ,  in U% - 40 constant determined d a  rn extrapo- 
 his corresponds to a coqosi t ion 

On 

A melted 
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Pu02.-&02 System 

Experiments were performed t o  determine the sintered densities of Pu02- 
Zr% pellets with compositions i n  the Zr% r ich  region. 
ing 85, 95, and 98 w/o Zr02 were compacted under nine tons per sQuare 
inch t o  56 f. 3 percent of theoretical  density. .They were then sintered 
i n  dry helium a t  1550 C for I 2  h r s .  The sintered densities as deter- 
kined by water immersion at 23 C were respectively 86, 88, and 90 per- 
cent of theoretical. 
s interabi l i ty  increases with zrO2 concentration. 

Pel le ts  contain- 

In the region -studied it may be concluded t h a t  

Plutonium Silicides 

Effort has been ooncentrated on obtaining a single-phase product of known 
composition with which t o  work. 
positions of the s i l i c ides  thus far produced has not been made, certain 
chsracterlst ics have been determined. Products obtained by arc-meltiqg 
alpha-plutonium and s i l icon m e t a l  have no corrosion resistance t o  boil- 
ing w a t e r ;  they begin t o  disintegrate into a fine powder inmediately 
upon immersion. 
prior  t o  exposure t o  oxygen. 
this lu s t e r  t o  a gold end blue color. 

Although confirmation of the exact com- 

The are-melted buttons have a silvery m t a l l i c  l u s t e r  
Surface oxidation at. room temperature turns 

An attempt w a s  made t o  produce Pu2Si3 by arc-melting alpha-plutonium and 
sil icon. The product exhibited a l l  the characterist ics described above. 
Its density determined at 27 C by immersion i n  tetrabromoethane w a s  
9.18 d-3, agreeing with the published calculated density for Pu$i3. 
Although not solved, the X-ray diffraction pattern i s  not i n  agreement 
with the single hexagonal phase found by R u n n U s  and Baucher. 
i c a l  analysis of the compound will be ND. presently as an s i d  t o  i t s  
identification. 

A chem- 

Surface Area Measurement 

The BID apparatus w a s  leak checked using a h e l i u m  leak detector. 
en t i re  system 
milllmters of  mrcury. 
and procedural. development purposes. 
Bureau of Staudards as wel l  as U% spechens w i l l  be n m  prior  t o  Pu02 
and other plutonium bearing materials. 
sorptmeter (continuous flow method) were made using the N.B.S.  cement 
specimen. 
encouraging results. 
ing period and a t teq ts  made t o  correct the instntmental deficiencies. 

The 
now be evacuated t o  vacua ranging from 10-5 t o  10-6 

Initial determinations will be forca l ibra t ion  
Cement obtdned from the National 

Several tests of the commercial 

Instabilities i n  the electronic components have denied 
Further tests w i l l  be run during the next report- 

Thermal Conductivitx 

Redesign of the conductivity device inser t  was completed. In the  new 
insert ,  the Kovar-glass vacuum seals me replaced by p ~ s s u r e  sealing 
glands, the 0.013-inch bare chromel-dunel thermocouples are replaced 



by 0.dCo-inch stdales8 s t ee l  sheathed, chromel-alumel thermocouples, and 
the grease seal I s  replaced by a campression sealing vacuum f i t t i ng .  The 
size of the head bas been reduced t o  U o w  easier seating. The molyb- 
denurn wiading on the maio heater has been replaced by Nick- t o  provide 
greater electr ical  resistaace. 

. t o  the raplacwmnt of the molybdenum winding by Nichrcrme, and t o  
tbs reteined usage o f  copper leads t o  the main heater, the  goal  tempra- 
'ture o f  lboo C l n  the sample area- be somm&urt reduced, perhaps t o  
800 - 900 C. This i s  samewhst dependent on the heat tmnafer character- 
i s t i c - o f  the Qaluple m8terla.L. 

While the new Insert WSB be- dram up, the rest of the device was cam- 
pletely dlsessembled in order t o  rep& two water tube joints  which 
l e a d .  A new roughbg p u g  was installed t o  rep.Lacc the original which 
was not luge enoug2r t o  evacuate the system t o  below 100 microns of 
mbrcury. The vacuum system KM functions efffclently. 

Most parts ordemd for the l a s e r t  were received; the worksheet drarwings 
and -shed materials were sent t o  the shop for fabrication. 

-1 Evaluation 

An extensive and unusual structure was observed for the first tim? on 
polished and etched columnar grains of U% produced during irradiation 
of: - (1) both swaged and irlbrationaUy compacted f h e d  U%; 
t i o n a l l y  campacted electrodeposited-; and (3) sintered U% pellets.  
In samc greina this substructure sypeared as psral le l  lines w h i l e  in 
others it agpeared aa Wongated hexagons". 
these sub-graLn boundsrles i s  Au'ther .evidence of f iss ion product 
relocation which contlnue8 t o  be revealed by concurrent studies of 
autoradiographs o f  cut and ground transverse faces of Irradiated U02 
-1 rods. 

Irradiation of a purposely defected U02 fuel elemant (-2) continues 
&ter l2 weeks in a Hcrrrford production reactor. 
into the coolant I s  barcly detectable. 

(2) vibra- 

Collection of voida along 

Fission product release 

The first significant irradiation of hot swaged U02 was terminated after 

cluster (GEH-4-60) e c d a t e d  a t o t a l  exposure of CY 620 W / T .  
twC cycles the Gm-4 f e i l i t y  O f  tk MIIR.  Thc 12" 1- f m - m d  

A UO2-ThO2 mixture is being irradiated i n  the MCR GEE-4 f a c i l i t y  as part  
of a study of the effect  of additives on in-reactor behavior of U02. 
element, GEa-4-61 
600,000 BTU/hr-&. It I s  expected t h a t  a portion of the core will be 
molten d u r h  irradiation. 
compacting a 90 w/o U02 (enriched t o  1.38 w/o $35 i n  U) -10 w/o Tho2 
mixhrre to. 8% T.D. l a  1.12" O.D. s tainless s t ee l  cladding with 0.030" 
w a l l  thickness. 

The 
i s  operating with a msximum surface heat flux of 

The element was fabricated by Pibrationally 
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DO2 Melting Point 

Observations of increasing rmelting point with irradiation exposure 
provide a basis for describing some hypothetical phase relationships 
i n  the uranium-oxygen system. 
with U@ at elevated temperatures. 

Various dissociation-reactions OCCUT 
Amow- these are: 

!Be net effect of these reactions is to reduce the O/U ratio in U02, 
which is initially stoichiometric or super-stoichiometric. 
ibility of the last reaction has not been denumstrated thermodynamically, 
but much evidence predicting the existence of a U0;F-X solid solution at 
temperatures above 1600 C exists. 
clusions are observed in UQ which has been heated to near the melting 
point. Also, a broadening of the phase boundaries to include a stable 
U Q - X  solid solution would be expected at high temperature. 
ence of substoichiomjxic lJ% and the various reactions fielding lower 
O/U ratios indicate a basic anomally in a M e q t s  to define the melting 
point of U%. 
has ever been melted. Mre probably, what has been called the nuelting 
point of U% is actually the tenrperature at which a stable UQ-x mlts. 
The uranium-oxygen phase diagram reveals a high solubility f o r  oxygen in 
U% but very limited solubility f o r  uranium. Such a condition, plus 
the fact that a dissociation occurs, is often indicative of the exist- 
ence of 8 broad displaced maximum in the liquidus. lh the case of U% 
the displacement would be to a U@+x composition which, under normal 
heating conditions, dissociates t o  U0Z-x before the melting point is 
reached. 

The feas- 

Specifically, metallic uranium in- 

The exist- 

Specifically, it is questionable whether or not U ~ . O O  

MDst long lived fission fragumts are m e t a l  atoms having valences less 
than 4. These low valence cations could stabilize a higher O/U ra5io 
by forming an oxygen deficient defect lattice similar to that which 
occurs in the systems U*-La203, U%-Y203, and ZrQ-CaO. If' such stabili- 
zation occurs, it would lead to a higher equilibrium O/U ratio at the 
mlting point of irmdiated U@. 
of U@ should increase w i t h  O/U ratio and thus the introduction of fission 
frae;ments which stabilize higher O/U ratios should result in an increased 
melting point. 
melting point to decrease with increasing impurity content of a system. 
The sum of the ?zwo opposing influences yields a maxirmlm in the plot of 
-melting point versus irradiation expcsure. 

As described above, the IPelticg point 

Opposing this increase is the normal tendency of 5he 

UNCLASSIFIED 
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Electron Mcroscopy Studies 

Bvsluatian of =flection electron microscopy fechniques continued 
simultaneously with U@ single crystal  -ti-. 
shaped follllllllllllllllllllllllllllnioLls which were observed in reflec+,ion -ea of heated 
and mu-heated fracture surfaces, along with firmly adherent surface 
"dekris" were canfirmcd by transmission r e p i i c s  and optical microscopy. 
Bb formatioss are ab& 30 a c r a n s  in d i a z P h t e r  and less tkan one micron 
high with surface "ribs" manating fen-wise fran a single point. 
relatioor t o  the underlying fracture suzface is apparent. 

Peculiar fan- 

No 

I n i t i a l  mbaaurexmnts were nrdc of thermal conductivity of the third 
irradiated U@ spcinrarr, 0.06$ burnup. Behador up t o  300 C appears 
similar t o  prevlous samples ha- less irradiation. 
s-zed below: 

!ke data are 

mrm~l Conductiety, watts/cm OC 
mtial Minimum After Recovery * -- 

!The oS/UK Newletter for A p r U  lm, was compiled and edi+,ed, aud is now 
re* for distribution. 
letter the longest t o  date (85 pages). 

C o n t r i b u t i o n s  fram nineteen s i t e s  have made t h i s  

4. 

Irradiatian of capsules nos. 7 and 8, each containing three split, hollow, 
uranium cylinders is cat-  at aoPsstaot temperatures o f  525 C acd 
575 C, raapsctively. 
irrsdiation. Uranium ipecimns identical t o  those irradiated in capsulz 
NO- 6 ham been given an ex-reactor thermal treatment identical t o  +ht 
of the insd ia t ed  spec-. These specimens are now being avnndned f o r  
density, micmstzuctural, and phpical  changes. Two additional sets of 
specinrenn are undergoing annealing trea-ts in s vacuum heat treating 
f'urnace in order t o  simulate +h in-reactor the,- histories of capsules 
Nos. 4 and 5 -  Uranium spec- identical t o  those in capsule No 7 aul 
in capsule No. 8 art being prepared f o r  similar treatment. 

Capsule No. 9 is cumently being assembled for 

The ambient temperature irradiation of two ImmarLitored, NU-filled 
capsules GEH-14-281 and 282 was completed after 48-7 days t o t a l  irradiatiar: 
time. l2xLs exposure amounted t o  about 0.3 a/o burnup in the enriched 



p o r t i m c f  the specimens. 
fo r  the study cf f i ss ioo  prcxiuct diffssioc.  

Each capsule coctains a U-U diffusion colrple 

Post-Irradiation Examination 

Radiometallurgical exambation of the ssecimehs from irradiated capsules 
Nos. 4, 5 ,  Densities have been determined gn 
but one of the spheres by the bauyancy techniqlx. The sphers ro t  measured 
was irradiated at about 800 C and kad s p l i t  open badly on ope side. 
I n i t i a l  estimates of the swelling indicate volume changes of seven to Line 
percent f o r  specimens irradiated t o  0.3 a/o burmp a t  vclume average 
temperatures of 615 c and from six t o  eight percent fo r  specimens irradiated 
t o  0.3 a/o mug at volume average femperatures of 575 C. Spec*= 
irradiated t o  o d y  0.05 a/o burnup a t  about 550 C showed volume changes 
from1.5 percent. Cracking was observed i n  the higher bumup specimeas 
that appeared more severe as the samples w e r e  repeti t ively etchea fcz 
density determination. 

6 has continued. 

Additional examlnatian of the s p l i t  hollow cylinders irradiated to about 
0.03 at tewratures of around 300 C revealed that cocsicle, -ably l e s s  
%umping" and warping had occurred w i t h  the specilnenn irradiated in the 
aa-ertruded condition than with the specimen that had been beta queocked. 
!Chis is  attr ibuted t o  the large grain size  that existed ir +,L e beta 
quenched specimen. Apparently, a t  least with specimens of th i s  geometry, 
grain s ize  effects  a m  more serious than are  preferzed orien5atiorr effects.  
X- ray  diffraction studies pr ior  t o  irradiation had indicated that the as- 
extruded specimens showed defioite preferred orientaticn. 

A precharacferized, unrestrained speciaen of uranium, GEX-14-36, irradiated 
a t  less than 150 C at the MCR has been processed for micrcstructural and 
density change. After ar estimated burnup cf 0.26 a/o, the specimen had 
assumed a very = W e d  extezzal. geometry due t o  dimensimal. h s t a b i l i t y  
effects.  
lineage structure, but as y e t  no evidence of f iss ion gas pores. 
density after irradiation was 18.61 g/cc compared with an. o r i g k a l  decsity 

The microstructure shows considerable swirled twimicg and 
Fizal 

of 19.01 g/cc. 

Pore Size and Distribution 

Infoz'mation on the frequency a d  size  of pores observed Fr, irradiated 
uranium specimens subdected t o  post-irradiation anoealicg treatmats kas 
been tabulated f o r  programbg oc I B M  cards. 
distributhon characterist ics w i l l  be kestel ami analyzed. 

V a r i o u s  functiozal slid 

Ccxnparison of In-Reactor and Br-Reac+,or Swelliq 

me swelling in uranium associated w i t h  the high femperature irradiatior. 
of clad rods i n  themcoupled, NaK-filled capsulss has been compared with 
the swelling associated with the l o q  
uranium tha t  had been irradiated in a 
water loop. The swelling observed in 

5ime pist-ir=atiiatior azxedirg tf 
high p ,~ssure ,  high Clemperaf.ue 
tke two  eqerinreats exhibits surprisix 
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corraqondance with regard t o  tenperakze dependeccs. 
frsmmork of t t e  uncsmainties that e x i s t  in +;he eqkeer ing  mess-- 
ments that were made, the data fro?p ei+Aer e q e w t  is indis2inguish- 
able fram 
irradiation spaesliag provides a simple a& c o n m e n t  m-aod cf 
estimating the in-reactor swelling +&t c a l d  be e e c t e d  with -mat 
fuel elenmnta under a variety of temperature 

W i t h i n  the 

of the other - +;his canpariaan suggtsts that p O B t -  

pressure condi t iow.  

Fiseim product m b i l i t z  

mssion product gas mobility is being studied by two techoiques. 
first, uranium specimbps are being wmimd that have h i  inert  gaa 
introduced in to  the surPBce by "glow discharge" or ion bomb-t. 
the second, U-U diffusion- couples are being studied +At have had m 
appreciable amount of fissioning o c c u z z  in me-half of the couple, 
3ut mm, or very l i t t le,  in the other. 
bear irradiated snd cufierrtly await shipsrnt t o  RsdiosEtaUargy. Tbe 
specinrns are 1/2" t h i c k  x 1/2" diaamter disks cut irsm au extrusiaz that 
has a core of depleted uranium and a she l l  of thz-se percent er-iched 
uranium. 
enriched interface as a function of poa",-irradiati3sr annealing w i l l  be 
studied by qusntitatlve =tallography. 

chamber us- Tci: gas 
as an etchant showed a small  burst, about 0.2 x 3 1 3 atom per secad ,  
uranium disks prspahd in a cathodic vacuun et 

when the speclnrl.rn wtre melted. 
approximately 0.07 x 1013 atam per second, vas observed a t  about &OC C. 
No differencs was obsenrrd between a ppecimsn etched in +&e normal faahior 
and one etched under adverse c a t i o n s  sa that redeposition occu~rred. 
agh purity uranium haa been rolled for forming inta  cylFoaers for use as 
the spec- in the "glgw" system. The hollow eyliGdrical specimen will 
rest on a uranium disk. 

the waIls of the new tubular s p e c d n  providing a larger concentratian 
of gas in the saqles. 

h the 

IC 

The U-t' diffusion couples have 

The change in pore size d i s k b u t i o n  across the depleted- 

ET evolutioaz data f m m  two 

A very smell. peak in the evolution rate, 

Uranium that  had pmviously collected G I ~  the 
of the sgstem (trapping gas in the process) vill not collect ac 

Swell- experimnts of Zircalay-2 clad urapium rods (0.570" diameter 
x 4" long) w i t h  selected urapf~m teqeratures, c l s d d l ~ g  thicknesses3 an1 
eqosure 
capsules. 
ing two rods have been apened and the rods photographed a& lpeasured i o r  
dimasiarral changes. 
increases are tabulated below: 

being conducted e m p l a  Nag-filled temperature mcsritozed 

!Be Irradiation histories and +&e apprent  volume 

Four such capsules, GEE 14-96, 97 101, ard 103, each contsiz- 



A- 43 BW-69822 

Cap. Clad Vol . Brposure Sveli' 
No. !Chick. Avq. T a/c B D-5 

I.&-96 0.02M 4 0  0,OT 1,C I d  
0.030 O " 7  1c 

14-97 O . 0 2 O M  560 0.43 5 09 I h  
0.030 6.7 15 

14-101 0.020 250 0.30 0.46 1.5 
0.020 0.5C 1.7 

14-103 0.020 300 0.21 1.0 4.8 
0.020 G - 9  k . 3  

*"R" is defioed as the percent v o l m  change divided by 
the present burnup. 

+Wnd cap failure. 

Romthe dimensional measurements, there is essentially no difference 
between rods with 0.020" and 0.030" cladding. 
agrees wel l  vi th  previous data o3taired with simil,ar expermnta.  

The o3served svelling 

Qe of the end caps cracked apd s p l i t  q e n  at  the weld in the 0.020" 
clad rods that were in capsules 14-96 and 14-97. 
in these capsules and a 3 l  of the rods (0.020'' clad) i r i  $he other kwc 
capsules w e r e  in tact .  
a theneocouple that was sealed through the cap. Failure occurred a t  
this cap in both hstances.  
swelling contributed significantly t o  the acd cap failures.  

Radiametallurgy Laboratory 

basurements and density detemkat ions were completed on capsules 4, 5, 
and 6 during the month. 
ienced i n  runnmg ' the same specimeI; a t  different times. 
attributed t o  the poor physical conditian of some of the specimens 
revealed by subsequent metallographic examination which shmc9 tGaz 
extensive cracking of the uranium had occurred. 
in the met& w e r e  f i l l e d  with an oxide o r  other reacticlz prcducts (R4513)1 

The 0.030" c l a d  l-ods 

The rods that fa i led were suspended 5y means of 

It i s  not yet, fully uderssood whether 

A wide variation in densify results was e q e r -  
This was 

The cracks acd ni33 
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B-EPeactor mcp bWsur!!!!!!ts 

The modiiied creep capsule, designated as Capsule 11-2 which was &=gel 
in 4rU, is now operating a t  cocdiderably higher texuperatures 

tures in the range oi 350 to 460 C. 
result of a lower than expected thernul b a ~ ~ p o l L t  within the capsule. 
has been round that the capsule dcea nut r e a m  t o  helium pressure in- 
creases in the smm amnner as *& g,+ofype capsule and the cther second 
generation capsule, 11-4. AII increase i~ pressure results in a temperature 
increase ruther than a reducticn. 
3esigned t o  take advantage of high coIlveczioz? heat t ransrer  but 3cne iLT%r- 
f e m e  with the normel t ramport  procssses svldently exists ir the l a tess  
capsule. 
or  the capsule could be msintained within the lindts of 250 t o  3% C. 
The loss of heat transport in +%he capsule is attributed t o  the contamins- 
t i an  of the helium gas atmosphere from the outgassing of capsule compo~en~s. 
A mass specframe+,er analysis of the gas inside did not ,reveal any si&fi- 
cant contamkation. 
mass spedronrter aa the &as from the capsule rrmet flow through nmny feet  
of water ccoled line h8fore.the sample can be +,aken. To prevenz the E- 
OcctVhILce of the e r r s t l c  toermsl behajior, the nexZ capsule is be- oct- 
gassed in the laboratory pr ior  t o  charging. Cansidersbie quan3ities of 
gas have b e n  extracted tram the cspsuls in tke laboratory a t  pressures 3f 
one t o  200 micron8 a t  tempersturea between 22 snd 250 C. 

tkose 
reported last Iwnth. Tha gam8 nux 8loxls is producing S p e C i m E Z  t=Z!ra- 

These higher tengezsturee art =De 
It 

Tke second gezersticn capsules were 

If this intcxt'erence wae e l m t e d ,  the operatkg +,smperaz=e 

Condensable vapors would not be detected v i t h  tks 

The amoupt of g a i m  generated heat and the temperatux! distribution Fr; 
Capsule 11-2 Kill not a l l o w  a creep %est t o  be ccducted a t  3emperatures 
lower than about 495 C. 
8ooO ps i  w i l l  begin in June. 

A test near this teqeraL,urr at a stress 09 

Capsule d Ihst-t Developmen t 

A series of s i x ,  th i rd  gsnerertlan capsules art EW being iabricatea* 
Scheduled caslpletian date for the first t i i t  af the capsules is fhe 
middle of June. A fFnsl analysis of the& behador cf the lates5 cr%p 
capsule operating in the reactor pmnqlted a design change. 
Fing of metal in the heater suppoP- sect iu  - i  be cs-rorsd wikk the s- 
ceramic support material 88 the rtsz  of +h Fearer. 
w e  is t o  increase the synmtry  of er?.riznzmx~% a t  t t e  e& cf ths 
spec-. 

Ar exposed 

The purpcse cf ths 

Iaboratory c a l i b r s t l u  has besn e m l e t a d  c1=? a prqosed, high-tezperature, 
radiation-resistant, lizlear variable diffazential  tracsformer. 
aod resoluticn of the transducer were maslared as a fucctiorz of t e q e r s m .  
The transducer would not be suitable f o r  Fc-reactor zt?asuzzmen$s as The 
influecce of tenperature was m a c e r  that ths resoiut im requi-md f x  tte 
in-=actor creep mamrements. Stability af tke t w d u c e r  9s a i'mcL,ics 
of tFme also contributed t o  a law merit figure fcr -ke trausdxcar. 

The l k e a r i t y  
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EGCR B u r n i n g  Rig Btp eriments 

EGCR combustion hazards testing was continued with exper-nts which 
simulated reactor conditions for several credible accidents as rearly 
as possible. 
power input t o  a radiant heating e l e E n t  in  the center of the fuel 
channel. The t e s t s  and observations were as follows: 

&actor after heat decay functions w e r e  programmd as 

Test 1 - Initial Conditions: 
M e r a t o r  Temperature - 10% F 
Outer Surface Fuel Sleeve Temperature - 1170 F 
Inlet  Air Temperature - 435 F 
Air Flaw - 395 lbS/hr 

Observati.&s : Assembly cooled; slowest rate  observed 
was 4 F/min. 

Test 2 - Initial Conditions: 
Moderator Temperature - 1095 F 
Outer Surface Fuel Sleeve Temperature - 1170 F 
met Air Temperature - 770 F 
Air  low - 186 ~ b s / h r .  

Observations : Assembly cooled; slowest rate observed 
was 1.5 F/min. 

Test 3 - I n i t i a l  Conditians: 
Moderator Temperature - 1240 F 
Outer Surface me1 Sleeve Temperature - 1300 F 
met Air Temperature - 788 F 
Air Flaw (Center) - 287 lbs/hr 

~tmervatiois: W e r a t o r  temperatures at  midplane and 
above rose fo r  the first five minutes t o  
about 1325 F, remained constant for about 
20 minutes and then began t o  fa l l .  The 
SIC coated fuel sleeves apparently did 
not fail since cooling was noted almost 
immediately after a i r  was introduced. 

These observations indicate that w i t h  SIC coated fuel sleeves the EGCR 
will not ignite in case of an accident which introduces air into the 
reactor. The extrapolation of these results t o  the more complicated 
reactor situation must be verified by coquter  calculations. 

In- Reac t o r  C r e e p  

Swqles fromthe five 150 p i  compression t e s t  boats have been examined. 
The transverse saurples irradiated under constant load a t  about 600 C 
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show sigcif icant lg  less inltial growth than the unloaded samples af te r  
exposures Ths length changes of the 
~ n l o ~ d r d  samples were: CSF, TSGBF, +O.028$; =-IS, 4.232%; 
nc-8 (m), +0.039$' and TSX, 4.066s. me loaded samples have under- 
gone essentially no initial growth. 

Studies on chemical Additives t o  Graphite 

Additional. evidence of the influence of iron oxide additives on the 
dimnnigpal behavior of graphite8 under irradiation has been noted. 

one withopt the additive have been compared. after 4241 MD/AT cold t e s t  
hale exposure. Transverse growth of the graphite with additive was 43$ 
greater than that without the additive. 
growtb lends enc-t t o  the use of addltives in reducing contraction 
of graphite a t  higher temperatures. 

In the p-d. direction, the additive graphite grew 4 . 3 3 3 4  while tke 
graphite without additive contracted 0.182$. 
temperature w e 1  contraction is unexpected and, as yet ,  unexplained. 

frcna 1410 t o  1720 W/A!F. 

Tvo Tuae coke grsphitas, one with one percent iran oxide additive and 

U s  higher low-t-ture 

Reversal of the normal low- 

Gee loop canstructiau is 83s complete versus 954 scheduled predicted t o  
June 1, 196l. 
of the in-reactor section and blamrs are inftiated. 
Section iIastaUatigpl work by J. A. Jones is 75s complete versus 
scheduled for the saam date. 
in pzmgress and is scheduled t o  be c o q l e t e  by June 9. 

The interim gas blower for operation a t  reduced conditions has been 
received from Bristol-Siddeley and installed in B Cell. 

During the mnth an order was placed w i t h  Pacific Car and Fcmdry for 
apprcocimately $25,000 for s t ee l  shielding for the gas loop. Detailed 
design dmxlngs for the steel shielding were completed by Struthers-Wells, 
but this contract has not been closed out, since s t ruc tu ra l  c a l c u l a t i m  
have not been finished. 

Canstructian w i l l  be limited t o  92$ un t i l  installatim 
The ex-reactor 

Fabrication of the in-reactor section is 

The three Graheun Heat Exchan@zrs, which were replac-ts of the original 
undersized units, have been received and are being installed. The NaK 
heater mdif icat ion has been completed by Struthers-Wells and the unit 
has been shipped, but not yet  received on site. 

component Test- 

The pressure tube, which was used in the t e s t  assembly in the 314 Building, 
was removed from the mockup and the nozzle and outlet end removed and re- 
conditioned. 
Kith the nozzle and outlet  a s s e y .  This assembly is for use with the gas 
loop in B C e U .  

A new pressure tube has been cut t o  size and wiU be assembled 

Cosrpletion of this section is scheduled for June 1. 
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7 .  GRAWITE IRRADIATImDAMAGE STUDIES 

Irradiation Effects on Lamp black-Based Graphite. 

Samples of lampblack-based graphite originally heat treated to 3000 C, 
which had displayed high contraction rates upon irradiation, were again 
heat treated to 3oOO C to determine if the radiation-induced contraction 
could be annealed in this material. 
ssmples with three exposure levels revealed that 10-20$ of the 'radiation- 
induced contraction was eliminated. Possible crystallite changes are 
being checked. 

Post-annealing measurements on 

Post-irradiation measurements of the coefficient of thermal expansion 
revealed little change in this property in this material. Thermal con- 
ductivity between 700 and 2000 C also shared no significant change upon 
irradiation. 

8. 

National Carbon Campany R&D Contract 

Ninety-six additional ssmples of six grades of graphite were received. 
All were mede with the same needle coke. 
tion rstios of 0.8, 2.4, and 6.2 based on the ratio of transverse to 
parallel coefficients of the& expansion. The other three grades were 
made with a particle size variation which included all flour, O.O3O" and 
0.060'' ~~ particle size. These samples will be used to investigate 
the effect of degree of anisotropy and coke p&icle size on high tempera- 
ture, radiation-induced contraction in graphite. 

Three grades display orienta- 

ADVANCE mALuA!r1oBo STUD= 

Supercritical Pressure Water Reactor Study 

An interim repork, m-69246, describing the Supercritical Pressure Power 
&actor 88 presently conceived, was prepared for commnt. 

Power Cycle - Cycle Efficiency. 
calculated for the SPPR power plant cycle. 
presently available informstion and is subject to some adjustment as 
primary feedwater preheating and turbine cycles become finalized. 
the 41.6 is believed to be indicative of the final value attainable. 
power requirements presently established are: 

A net efficiency of 41.a has been 
efficiency is based on 

However, 
The 

Net electrical output 300 rmJ 

Generator losses and auxiliary power requirements 
excluding =in feed pump 

Equivalent power generation for feed pump turbine 9.8 m~ 

Total plant generation 324.8 mw 

15 rmJ 
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&actor the- wtput including heaC, t o  mcderstor 7 s  

Gross plant efficiency 44.5$ 

Net plant efficiency 41.a 

Muderator Loss. m c t e d  heat generated in or tr8risfemed t o  the moderatar 
ha8 been calculated t o  be about 41 M of w h i c h  19 MI results from heat lcss 
from the iual elamnta. 
is tnrrecoversble due t o  Inefficiency in the heat exchange process. 

p-8. 
the coolant and moderator - integral Ku1 nat have t h i s  lcss, of course. 

ApproxirpiEItely 13.5 MU of the to ta l  laodcrator heat 
p i s  

108s lpay be c m  to the boiler efficiency in canventional. f, -ssil fuel 
BoiUng water reactors and pressurized water reactors in which 

l?ral Z3.e-t Design. 
ths three-zane coolant pass system. 
of 550 F, outlet tempcfatura of 805 F) the pressure drop is about 75 psi.  
For the second stage ( inlet  temperature 805 F, outlet  temperature log@) 
the pressure drop is about 580 psi. 
after it gives up heat in a reheat to subcrit ical  turbine steam, from 850 F 
t o  lG0 F. 

w e  pressure drops of this nrprmitude (1500-2000 psi) might be feasible, 
it lindts the f l d b i l i t y  which I s  desirable in pressure tube desi-, 
since the pressure mmbers are designed on allowable stresses at amic i -  
p8ted tube w a l l  teqmratures. Hence, lower pressure drops permits higher 
tube w a l l  temperatures, resulting in greater permissible teqera ture  un- 
balance across the reactor, thus simplifglng reactor control problems. 

To achieve lover pressure drops, two proposals an? being conside-. 
f i rs t  proposal increases the inside dlmmter of the pressure meniber from 
3/16 inch to 7/32 or 1/4 inch. 
w a U  thidmesses (than 
because of the increased temperature drop through the wall, resulting in 
Increased fuel cycle costs. 
preheater heat exchanger t o  raise the inlet tenperatwe t o  the reactor 
while lowering the inlet temperature t o  the last stage. In addition, *e 
f i r s t  two s w s  are combined so that the coolant outlet temperature will 
be 1050 F. Fl tx lb i l i ty  in temperature control through& the reactor c a s  
be obtained by proper bypassing of the prehea3 heat exchanger. 

Pressure drop calculation8 m essentially complefe cn . 
For the f i rs t  stage ( inlet  $emperatwe 

third stage reheats the fluid, 

Third stsga pressure drop is about 1000 psi .  

The 

!I!Us results in thicker press- member 
be ass- by si+e diazmter considerations) 

The second proposal requires an additional 

However, a heat exchanger of this size for  supercritical service may ccst 
froan one-half t o  one ndll lon dollars. The effect  of the two proposals cc  
power generating costs is being investigated. 

Reactor physics. 
neutron-multiplying properties of sl ight ly  enriched (U-235 U% cells cf 
the current SPPR design gecmretry. 
shielding effects has been of par t i cu la r  concern. This effect,  s t r c q l y  
dependent cn geometry, has been investigated e x p e r a n t a l l y  only in mcre 
finely ddvided s l ight ly  enriched UOpH20 l a t t i ce s .  

A continuing effort  is being made t o  establish tbe 

The treatmmt of resonance self- 

Calculatiors are be- 



made t o  determine the consistency w i t h  which currently formulate8 ae l f -  
shielding factors lead t o  experimental agreement. 
problem will allow final solutions of several par t ia l ly  ccmpleted l a t t i ce  
physics calculations: 

Resolution of this 

For various U-235 enrichrpents (l$ t o  54) a p lo t  of ce l l  
ko0 versus H20/U@. 

A plot of hff versus H20/U* for  u n i f o m  reactor loading 
of the ce l l s  in item (1). 

Three-energy group plot  of flux and power distribution in 
certain ce l l s  of i t e m  (1). 

Three-energy group p lo t  of flux and power distribution in  
certain reactors in  item (2) and f o r  reactors loaded nm- 
uniformly t o  achieve whole reactor and zone flattening. 

An evaluation of c m t r o l  strength fo r  rods of varying blackzless 
and geometry i n  certain of the above reactors. 

Plant I a Y c n l t  
reductiOnof 
t o  less than 

. Further evaluation of space requirements m y  result  in a 
the c o n t a m n t  vessel diameter framthe initial 220 feet  
180 fee t  based on the space required fo r  the turbine genera- 

to rs  and for the removal of the generator rotors .  Infoxmation fromthe 
turbine vendor indicates that the space requirement could be reduced from 
that i n i t i s l l y  conteaxplated. 
instaUatian was the governing factor and not the pressure buildup upon 
release of p r i m  coolant. 
the cmtainnrent shell upon release of primary coolant are being made 
based on current piping layouts. 
of the cubic power of the disnreter. 
diameter can result in significant decreases in vessel cost. 
therefore, considerable incentive in working tarard further diameter 
reduct ion. 

In the larger diameter hemisphere the turbine 

Revised estimstes of the pressure buildup in  

Cost of containment vessel is a functian 
Thus, snrall reductions in  vessel 

There is ,  

Conceptual Design - Fuel Element Fabrication Plant 

The finsl draft of Part I1 has been completed and transmitted for  approval. 
Part 111, "Design Study of Plants fo r  Plutonium-Enriched F'uel," of the 
Fuel Element Fabrication Economics Study was completed in rough draft form 
and issued f o r  comment. 

%timates of plant cost fo r  the nine uranium fuel  cases and the nine plu- 
tonium fuel cases are scheduled t o  be complete by June 5 .  

A draft of a report "Group Testing i n  lOO$ Inspection" was prepared and 
circulated f o r  camments. It w i l l  be put in f ina l  form and submitted t o  
Technical Publications for  issuance as a "blue cover" report by June 5. 
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mutian or m m t e  as Irrhibitcr 

Testing is in progress on x-8001 sluminurn U o y ,  ~ r - 2 ,  and sexisiclized 
304 stal~~lnlss steel at  300 C in water adjusted t o  a pH of 4.5 with m04. 
Rdinchwy data indicate penetratims of 0.07 t o  0.10 ndl an ~-800l 
after 3 5  hours. R.lnatration masuremznti an 304 SS sfter 613 hours 
show valuss of 0.029 t o  0.032 m i l .  
the v a r l o u  all- are sinrllaz t o  E3PQ+ data. However, f a i r l y  thick crud 

The film is a dull Jet black and is present on the 25 fps  coupons as a 
uniform film, but on the 40 f p s  coupons it occurs as a unifcrm film 
studded Kith platelets  -ed perpendicular t o  the f low direction. 
!5ese platelets  are 5-10 mils in diameter. 
t o  determfns the composition of the platelets .  

Irr general, the corrosion data of 

rum6 ham been obtained (1-2 mils)  primarily an the aluminum coupons. 

&amination is being made 

D. 

Radiation tianage in -ow matals, including alundnum, copper, iron molyb- 
denum, nickel, t i tanium, zircaplum, and type 347 stainLess steel, is being 
studied by a number or techniques. a e c t r i c a l  resistance, x-ray diffraction, 
and mache+aical propefiiee ms-nts are the primary methods being used. 
The variation o r  pruperties wlth imadiatian and the k ine t ics  of property 
recovery upon annealing isre being analyzed t o  arrive a t  a damage model. 
tests on irradiated "A" nickel showed a pronounced strah-aging effect  of a 
c q l e x  nature. A sptcimhn with an exposure of 4 x l$8 nvt showed a sharp 
yleld point upon initial testing, and upon unloading and innnediate reloadicg, 
another y i ~  point and a abort region of -'s s t r a i n  occurred. After 
ssing for  one hour a t  200 C, the flow stress was raised by slm~st 8000 psi  
and anather Seld p a  oc-. 
could be developed in tmirradiated "A" nickel by straining and then aging for 
one hour a t  200 C. =her tests have been c d u c t e d  on ated "A" 
nickel under Parim cosditione ln order t o  establish the nature of the aging 
effect.  Spec- were tested a t  -77 C and 22 C and aged at 22 C, 100 C, aad 
200 C for A specimen tested at  room tempersture and 
aged at  200 C required a combinstian of 2$ s t ra in  and 3p agizlg time of 10 
mutes for production of a yield point; a specimen tested a t  -70 C and aged 
at 200 c required 2$ strain and ~ n l y  one minute aging t-. hother specimen 
teated a t  room temperature and aged a t  100 c required 6$ strain and 200 minutes 
a g h g  tima t o  produce a yield point. In. a l l  cases, after developmnt of the 
yield point, tfre region of IUer's s t r a i p  increased with successive straining 
and aging treatmcnts. Also, as ea& spec- reached the yield pointy +he 
flow curve became mBTkcdly serrated, sad the q l i t u d e  of the serrasims increased 
w i t h  successive treatmtnts. -el tests on high-purity (Carbonyl) nickei 
fa i led t o  produce yield points, increases i n  f l o w  stress, o r  serrated flow 
curves. 
nickel specinmns were significantly lower than for comespanding "A" nickel 
specimens. It appeara that after a c r i t i c a l  amount of strain, "A" nickel ages 
while it is being plast ical ly  deformed. Defects are probably gene=9ced ky 
moving dislocations wh lch  accelerate the diffusion of solute atoms fc slow 

Tensile 

It waa also found that a field pol& 

periods of time. 

It xa8 nated that the work-hardening coefficients of the high-purity 
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moving dislocations or dislocation sources, resulting in serrations in the 
flow curve. 
yield point observed upon immediate retesting of irradiated "A" nickel is 
also probably due to the generation of vacsncies by moving dislocations, 
which migrate to and lock dislocation scurces; in this case, large strains 
are not required because of the greater concentration of extended defects 
which w i l l  intersct with moving dislocations to form vacaccies. 

The effect is enhanced by aging at slevated temperatures. The 

The analysis of x-ray diffraction effects in single crystals is being continued. 
Essentially strain-free surfaces have been produced on aluminum s a l e  crystals 
of 99.9954 purity. X-ray extinc+,ion and the observed temperature factor change 
as the crystal surface approaches the strain-free state. As the last of the 
cold worked material is removed, the apparent Debye tempersture of aluminum 
drops from 370-390 K to 355-360 K. Extinction also becomes mors  pronounced, 
affecting the xmdium-intensity diffraction Inaxinrum, as well as the strong 
reflections. 
cancluded that the crystal sample is free of strains and imperfections intro- 
duced by the grinding of faces. 
secondary but appears to be a combination of the two. No theory predicting 
the interaction of extinction effects has been developed. If it is assumed 
that the two effects merate independently, then doming approximately four 
microns in size aligbd within one minute of angle are indicated. 

Since further etching and electropolishing have no effect, it is 

The extinction is neither primary nor 

E. CUSTOMER WOFX 

Radioxmtallurgy Service 

Three wafers were removed from each of two W o r d  tbe-railed bumper elelneIlfs 
which exhibited severe cladding corrosion during irradiatih as part of PT-IP- 
2624. 
process tube so the side of the element which did not ccntain a rail was rest- 
ing on the ribs. 
most of the corrosion occurred on the top side of the elements opposite the 
ribs and that the rails on the extreme top had been nearly removed by corrosion. 
Non-uniform uranium growth was observed along the length of the element and 
ellipticity up to 0.020 inch was measured (RM-423). 

The three rails were goo apart and the elemects were oriented in the 

IkaminatioD and xmasurement of the six wafers revealed the+, 

Two bumper elements had failed in new process tubes in D Reactor. 
bumpers were badly corroded which reduced the clearance between the tube w a l l  
and the elements. 
on the X-8001 alloy cladding was found (RM-ba). 

Some of the 

Evidence of both corrosion pitting and intergmular attack 

Three self-support Hanford production e1emer;ts which were irradis+ed as prrt 
of ET-IP-272-A were transferred to the Radiometallurgy Laboratory. Examinaticn 
was requested to characterize the cladding corrosion and determine irradiation- 

photography of the three pieces were completed. hst of the corrosion occurred 
in the central one-third of the element between the self-supports (RM-425). 

w induced dimensional changes in the fuel, Visual examinatia; and as-received 



The banding layer an two elemcnts discharged on the rear elevator of H Reactor 
was exaalned, but no significant change in the bonding structure was noted 
(RM.424). 

%suits and l n t e rp re t a t i a s  of  these examinations wi l l*be  reported in more 
datril in cannectian uith the developmant programa served. 

glectron Mcroecopy Service 

C&inued progress haa been made on the development of a technique fo r  exaaba- 
tian and identificatiaol of oxides formed during autoclaving of zirconium alloys. 
Zircaloy-2 autoclaved in 360 C, deiauized water f o r  7072 hours I s  being used in 
the study. An oxide suzface of the corrosion coupon was glued t o  a b a b l i t e  
mbtallographic moupt and hand-polished until a very thin layer of zirconium 
-tal nmeipcd abovlc the oxide layer. 
Syntran vibratory palis- and vas Sll& t o  continue unt i l  oxide was 
completely exposed an one edge of the coupon. 
portiop of the oxide, however, 
angle, with reepect t o  the oxide laycr, an elangated cross-section can be 
-wed. Small  islands of =tal in the oxide and oxide In the metal Fernabed 
a t  the r e g i a  of oxide--tal interface. It was noted that rcgians lmmedietely 
mnwzWng axids islands were more reflective than the rest of the m e t a l  when 
viewed through the optical microscope. 
of thinnest =tal, a thin inter iacial  layer possessing SOPI) chemical or  
stnrctursl  variation is suggested. 

The final thinning was accomplished by 

Metal s t i l l  covered the greater - 

Since the speciman was polished a t  a very s m a l l  

If we assume such regions t o  be areas 

A fifteen-second '3" etch exposed an O.Ol7" wide s t r i p  of prevlausly unexposed 
oxide between the polished oxide surface sed the receded =tal bum-. This 
region was replicated for  examination in the electron microscape. 
msgnificatfon the unpolished oxide beneath the zirconium m e t a l  which had been 
rupoved by '3" etching appcamd as ruws of furrats. 
%re made up of thin, f lat  plates, stacked on end, side by side, having the 
long axis perpendicular to the furmws. 
a i d e  island showed a One-micron-VLde ring sunrsunding the oxide. The ring 
could be seen because It was attacked differently by the '3" etch. 
m y  be che s8mc type of highly reflecting material which was seen in  the o p t i c a l  
microscope. 
polished axi& and that there was an over-all smooth appearance of the area 
would indicate l i t t l e  or pa etching attack on the oxide itself. 
fication optical micrograph has confirmed the presence of unpolished oxide 
fufiaTs. 

At 5000 

These furrows, in turn, 

An electron micrograph of an unpolished 

This r i n g  

!Che fact  that some polishing scratches s t i l l  remained on the 

A 750X magni- 

A specimen identical  t o  the one mentioned above has been polished until one 
oxide island is visible in the central portion of the m e t a l .  
progress t o  focw a finely-collimated x-ray beem on the island and, by use of 
back reflection techniques, identify c r y s t a l  structure and preferred orienta- 
tion. 

X-ray work is in 

Metallography Service 

A document, "bktallographic Study of the Annealing Behavior 
Eutectic Alloy," (s-69401), has been written and is now LII 
approved by the l ibrary f o r  publication as a fonnal report .  

2 IZtl,,, - " r - r ;  

of Aluminlim- S i l i c  on 
process of being 
This work by 
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R. H. Todd has been accepted fo r  thesis  credit  by the University of Idaho. 

Other work during the month w i l l  be reported in  connection with the respective 
research and developmnt programs served. 

Samples Processed During the h n t h :  

Total Samples 
Replicas 

508 
37 

Photographs : 

Micrographs 
mcmgraphs 
Electron Micrographs 230 

1016 

548 
238 

Negatives Printed 1824 
Prints 7075 

MPR charging hchine 

Mechanical work on the machine is estimated t o  be 80$ complete; hydraulic 
piping work is estimated t o  be 70$ complete. 
has been done. 

No significant e lec t r ica l  work 

Fabrication and assembly of the transfer arms, idler rol lers ,  console support, 
and drive ro l le rs  were completed during the month. 
rol lers ,  and console support have been instal led on the machine. 
of the plug conveyor asseniblies was star ted and is estimated t o  be 2 6  complete. 
Fabrication of the magazine positioning cylinder assembly is complete. 
s ta l la t ion  of t h i s  assembly has not ye t  started.  

The transfer arms, id le r  
Fabrication 

In- 

Some tes t ing work has been done on the cross t ravel  drive and the v e r t i c a l  
l i f t  drive. The transfer arms have been operated. 

Wager ,  Reactor and b e l s  Research 
and Developwnt 

Fw Albaugh:kb 



PHYSICS AMD INSTRUMENt' RESEARCH AID SEVELOpMEmT OPERATICN 

Exponential Measurements for  lopR 

In order t o  place all results applicable t o  N-Reactor on a camDon basis, the 
graphite density (1.695 gm/c.d) of the mockup exponential p i le  w a s  taken as a 
standard. The measurements in the condensed l a t t i c e  have been corrected t o  
preserve the mamber of graphite a tam.  of the condensed 

instead of 

62 x 1 0 - ~ c m - ~  iastead of 48 x 10- cm- 

The material buckl 

W i t h  dry fuel the buckling is now 
l a t t i c e  w t h  0,946 percent enriched fuel  (wet) is 249 x 10- F 
239 x 10' 2 CIU-~ as previously rep T5 ed 

Lattice Parameters for Iarge Diameter Fuel 

The program for  calculating l a t t i c e  parameters frun data collected in PCllR 
experiments and calculating the probable error associated with the parameters 
is running on the IB?&-irOgO. 
written, describing the order of information on each card snd the order of the 
cards. 

A discussion of the input for the program has been 

Analysis of data frun lutetium f o i l s  irradiated in  a 1 
contalning concentric-tube fuel  (2.5 x 2.0, ~ 6 6  x 1.12 T has given the spectral 
indices l i s t ed  in Table I. 
fran a six-group spectrum calculation. 

inch paphi te  l a t t i c e  

Corrections for epithermel activation were made 

TABLE I 

Fuel Center 
me1 me 
Graphite 
C e l l  Blge 

TTR Measurements for IVF'R 

Preliminary drawings have been 
that would allow simulation of 
minor changes the system could 
of 500°C and water temperature 

2.01 339 2 020 368 
1.99 334 2.14 358 
1.95 329 2.05 344 
1.92 324 1.99 334 

cunpleted f o r  a controlled temperature system 
NPR conditions in the TTR thexmal column. With 
be use$ in the PCTR core, Graphite temperature 
t o  280 C can be attained. Detailed flux plo ts  

through the l a t t i c e  can be made under varylng temperature conditions. 
fied for PCTR use the flux spectra and distributibn w o u l d  be improved Over TlTR 
conditions. 

If m o d i -  

The cost estimate is $l20,000. Although a review of the design 
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indicates that th i s  can be reduced t o  $1009000, no further work is planned until 
f ba ing  is assured. 

D i g i t a l  Cauputer Progzrpn for React= Analysis 

Dcvelopwnt of HPTJ, the d t i - g r c u p  e u t r o n  d i o n  theory code, I s  continu- 
ing. 
language progmn, has been written arpd is 90 percent debugged. 

A generalized lxrp&t-rekdhg routlne9 w h i c h  may be used with any FoLRp(AIp 

Debugging af Hpa has recexxtly been hampered by a lack of ccxputer mmnory space. 
programs on the IBM-?WO. 

Of these, a l l  but two are used by the present version of BFIf, which include8 the 
-8 in logic, but not the Fnput changes, mentioned last month, Several bugs 
hsve been discwered w h i c h  w a t l d  require five or six additional memo~y locations 
if they were corrected. 
mentioned last moxrth w a d  require cozzeiderably more memory if the present in- 
put s- w e r e  s lq ly .extended t o  the new b p u t  data format. 

are 32,Ui memory locations a;Vail&le t o  

Incmoratian of the required changes in inplt format, 

~n 0- t o  s m t a n e a u a l y  decrease t i e  core storage Sequiraoents and introduce 
the desired 72 column input format, a generalized input-readhg subroutine has 
been written. ’pho FAP progrmmain# system was used t o  code thia routine w h i c h ,  
re lat ive t o  the pres& IFN setup, wes about lo00 fewer memory locations a d  
should be aboat twenty percent faster. Di addition, f i t a r e  changes in HFN w i l l  
not re- chmges in the input program, w h i c h  w i l l  work w l t h  any FWEUIV monitor 
progrmn. 
written for the purpose. HFTl is simultaneously 
being modified t o  use the new Input routine. 

This input subrautina is presently being debugged using a t e s t  program 
Debugging is 90 percent cauplete. 

Ccmgutational Progpmming Serrrice 

AU id- document, ~~11-68806, “VTBCL, A 709 program for Reduction of =onen- 
tial Pile Data,” w e a  issued. This is intended aa a manual for the users of +,he 
code, as w c l l  as a record of the i d a t i o n  and procedure used by the code. 
Hw docUmentS ~ L I  CBFIT2 slld -AT ~ S C  in ~ ~ ~ t i o n o  

PFoduCticm use of -A!C bes revealed a defect which prevents the code frcm 
handl- certain input data cornbinatiana. 

A t  the request of Cri t ical  Mas8 Physics, a cross section library on binary carda 
was prepwed in the format requ i red  for AIM-6. TUS was done by atering an 
AtCmics Internatianal program written for this purpose. 
t o  read and pr in t  the l ibrary contents for verification has been written and 
d e ~ e d .  

The code haa been corrected. 

An auxiliary program 

An investigation of the fast source corrections in CBFIT-2 confinned that the code 
w a s  correctly waluating the fonuulas. 

Green’s Function Treatment of m o n e n t l a l  Plles 

The three-dimensional Green:s Atnction for the diffusion equation has been derived 
for the baundary condition of zero flux on the s i x  faces of a rectangular Ferallele- 
piped. Ey use of this Green’s Arnctionthe flux dis t r ib t t lon  f o r  a slcwlng down 
source in a moderating p i le  has been obtained. Corremicms t o  a simple q s n e n -  
tial distr1bl;tion arising fran the f i n i t e  base cf the pile, the f in i t e  height cf 
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the pile,  harmcnics, and different neutron ages appear naturally i n  the theory. 
An attempt t c  canpare these corrections with the ones i n  current use is 3 e b g  
made. 
the treatment of an q o n e n t i a l  p i le  w i t h  horizontal f i e 1  rods placed in the 
moderator has been undertaken within such a framework. The general solution 
involves error fanctions and is relatively ccmplicated, although it c o d d  be 
easily evahsated w i t h  a cmputer. 
mate expression is being considered. 

Sfice small  source theory and a Green's function approach are ccmpatible, 

The possibil i ty of finding a slmpler apprcxf- 

Instrumentation 

C i r c u i t r y  modifications and satisfactory calibration, line voltage variation and 
temperature variation t e s t s  were canpleted on the prototype transistorized 
Logarithmic and Linear (multi-range) Scinti l lat ion Area o r  Buildfng Monitors. 
One unit w a s  calibrated for 0-10 m/hr decaded t o  0-10 r/hr linear range with 
corresponding log scale caverageo 
decaded t o  0-5 r/hr linear and similar caverage for the log scale, Less than 
f 59 reading errors, on any range, were produced by line voltage variations fran 
105 AC t o  130 VAC. 
R a a g  calibration, and the log scale is accurate t o  f 20$ from greater than 
20 mr/hr t o  full scale. 
on the "saf'e" side. 
Initial temperature t e s t s  showed reading errors of l ess  than f 54 fran 75 F t o  
135'F fo r  temperature t e s t s  of the canplete system including probe. 

Experimental circuitry developnent continued on the Fast and Slar Scanning Type 
Fuel Failure Monitor. 
t o  replace the original solid s ta te  devices with a definite gain in both re l iab i l i ty  
and econCQUr considering the large number of such circui ts  t o  be employed. A LOO- 
cycle converter c i rcui t  w88 ccmpleted f o r  use w i t h  a 400-cycle magnetic amplifier 
used as the fast scan dc amplifier. 
t o  be satisfactory a f te r  three months of continuous operation. 

The second unit w a s  calibrated for 0-5 m/hr 

AU linear range reading accuracies are w i t h i n  f 5$ f o r  

A l l  log scale re- errors below 20 m/hr are positive 
Long-term drift and temperature t e s t s  just commencedd 

Feil safe c i rcui ts  using ferrous-reed relays were developed 

The wheel and s l i p  ring operation continues 

A conference w a s  held with CE&UO, IPD, and Kaiser Ebgineers personnel concerning 
the tur re t  portions of the NPR Fuel Failure Monitor. 
the apparent l o w  bidder on this portion of the system. 
assistance were rendered t o  cE&UO concerning the electronics pcrtion of the Slaw 
Scan Gamna Ebergy Analysis part of the same system, 

The conference concerned 
Technical advice and 

A l ight-t ight ccntainment enclosure w a s  cmpleted and the two lucf te  light. pipes 
were nearly cclmpleted for use in investigations of uranium contamlnaticn sn the 
surfaces cf mpR fuel elements by alpha particle detection. 

A prototype experimental high temperature (300OC) ceramic tube pulse cathode 
follower was completed and sat isfactor i ly  tested at temperatme 
1000 feet  of cable, The c i r c u i t  can be u s e m  for use with proportional c a n t e r s  
and other detectors u e d  i n  certain reactor and other high temperature locationse 

for  driving 

A proposal was made t o  Operational Physics, IPD, concerning a cmparatively 
inexpensive method of checking the IqPR graphite core by use of simple "purity" 
measurements rather than by the tradit ional diffusion length measurement methcds 
w h i c h  are expensive, time-consumin& and require a large amount of instruments- 

. t ion,  
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Developmntal support w a s  rendered t o  IPD and ’JEW0 concerning in-core monitar- 
ing for existing reactors and actual instal la t ion of t e s t  units a t  lO5-m. 

Bids for special octant monitor neutroll chaxubers were reviewed for IPD and 
specific recamnendatione were made. 
ing developnental scoplng for a conflxmation rupture monitor (CGI-904) 

&3vtce1 urn Sven to,’ a d  bvestlgatieols UndeXaken w i t h ,  Lnstrument Develop- 
ment, m, ConceFZljsB camnercial slllcore flux monitors. Two ccannercial Anton 
units were teseed satisfactorily. 
mental data, and’the information obtained w i l l  provide a basis for predicting 
the m t u d e  of the gmma8=id~~ed ccmponent of the si& ircnn future in-core 

Measurapents of the infrared signal emitted fran a Jet of XXY?C carbon dioxide 
&ae w e r e  made in capnaction w i t h  possible detection of costly reactor gas leaks, 
H e l l u m  le& in HAP0 reactom, especially in the rear faces, =e difficult t o ’  
find by s t m  leek detecting methods due t o  the size of the area t o  be 
covered and gcperal background level of g8s. Leab in the range o f  1 t o  35 
cubic feet per hour are of interest .  
as it cams olxt of the reactor shortly m e r  shutdown. 
use an imega-fonuing infrared radiaueter t o  detect points at w h i c h  hot gases 
are leaking f r a n  the reactor. 
the cool outer atmosphere, general backgraand due t o  leaks w u u l d  be smalle 
Carbon dim has a high inf’rared emissivity, and it ia.permissible t o  fill 
the reactor with it soon after shutdawn; 
red radianeter shuwed thst a j e t  of 100 c carbon dioxide issuing at one cubic 
foot per hour fran a l/8-inch-dhmeter tube gave a signal  about twice as great 
as the general iairared background in the laboratory. 
focused on a point ane-half inch fran the end of the tube. 
of vi& closer t o  the tube increased the signal,  and no appreciable signal 
could be seen a t  appracimatelg 12 inches frm the tube. 
tory resul ts  were encouraging, the irrfrsred background at the rear face of a 
reactor due t o  hot obJects w a d  probably be higher than in the laboratory. 
It is ewpected that further evaluation of this leak detecting method under 
actual rear face conditions w i l l  be made by Process and Reactor DevelopnelrtJ 
IPD, w i t h  the assistance of Phyaicsl I%ssurements, Hu). 

In addition, advice was rendered cmcern- 

The measurements performed gave valid experi- 

nm &tor fission 

The temperature of the gas is about 100°C 
It may be pcssible t o  

Since the gases cool qpick3y upon contact w i t h  

BcperheIrts us- a canmercial Infra- 

The radianeter was 
Wring the f i e ld  

Although the labora- 

Systems Studit6 

A study is being conducted for the RpR bsl& group t o  determine the effects on 
the reactor system of produclxq power srrovell 88 p l U ~ O n h n  with the ER. 
equatians describing the -tarn have been supplied by the NPR des- group. 
The canputer model has been des- arrd w i r e d  oa the GmA canputer. 
model will probably be ueeable in the IPR plant sirmalation. 
t e r l s t i c s  till be studied in detail t o  determine vhat simplifisqtiozs can be 
made in the model. I 

‘Ee 

.T!2is 
.The m c  c W a e -  

Sirmelation studies of the FpR have meloped  a mtd far an aaaloq transpart 
delay, tk period of w h i c h  may be w i e d  durizq tke ainwlatica pro=es-s. 
specific caae t o  be etudied for the.RPR is the trampart af cooling water fran 
the reactor t o  the heat exchanger and fran the heat exchR_?aer back to the 
reactor. 

B e  

The pmposed system f o r  developkg the +,ransport delay w i l l  ccnvert 
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w i l l  be used (8 Xaary 5its Fer wordl, 
intervals and stored in the memory i n  a c i rcda t iny  mamer. 
begin r e d i n g  cut stared information as it reterns t o  the addresses prevmxly  
f i l l e d  with the binary ccmerted sigmLo 
each address w i l l  Se converted Sack to azalcq form fcr w e  i n  the analcg xxn-  
ptiter simulation. 
by the tstal desired time delay sc tbt 256 semples (one c i r cda t i cn  of the 
memory addresses) are taken in one transport delay period. At the present time 
the necessary d ig i ta l  and logic modcles along with the magnetic core memcry and 
power supply have been ordered and should be delivered soon. 
for two units is 'being purchasedo (Two transpcrt.s are needed, one f C r  the loop 
from the reactor t o  the heat exchanger and one for  return loop from heat exchanger 
t o  reactor.) 
cant work is yet t o  be done on a fast analoq-to-digital converter. 
are being designed t o  operate at c@A.umn speed so that a larger memory may be 
added at a l a t e r  time if  it beccmes apparent that faster  snmplinq rates are 
desirable 

me analcg signal. w f i l  be sanipled a t  
T3.c system w i l l  

B e  3iaaI'y hformatien read Lmt sf 

The rate  of sampling the analog signal w i l l  t e  C m t r G l l s d  

eqpipment 

The necessary core drive circui ts  have been developed but signifi- 
The circulita 

As a result  af the d i f f icu l t ies  e n c a t e r e d  hl previaus attempts t o  u e  the  
existing multipoint temperature recorder fo r  reactor control testa a t  1C0-D 
reactor, it w a s  decided t o  suspend W h e r  t e s t s  =til a fjetter meas-iring ayitem 
was available. During the month, Instxunent Development Operatim, IPDs ccmpleted 
fabrication of a high sensit ivity temperature measuring system suitable for  these 
t e s t s ,  
scale r w e  of 10 degrees centigrade. 
system has a printinq interval of two seconds. 
this system for further SutQnatic control tes t s .  

The system can accept twelve RTD iopcts and I s  quite stable ?E a fh3.l. 

Arrangements were made t c  u ~ e  
The d t i g o i r t  reccrder used with +-he 

A t e s t ,  using mxxual control by procedures simulating autQnatlc contrcl on cnly 
the four corner sections, w a s  conducted at 100-D just before the last shctaowno 
Permission t o  decrease power level by changing temperat-iue ccntroi setpoints w a s  
obtained. Five step function setpoint changes were made starting with tempera- 
ture  changes correap,onding t o  approximately five megawatts and hcreasinq t a  25 
megawatts. 
largest power'level change (25 
These t e s t s  wwL be used as the basis for reqcesting permissicn t c  raise -,rwer 
level " a ~ t t t i c ~ y "  on the next in-rsaetcr tes t  

undershoot of approximately five megawatts w a s  ckserved on the 
bu% the oscil lation dnmped cut in one cycle. 

The s t a t i s t i ca l  (noiae) techniqrze f c r  measuring reactcr freqpency respcme, which 
has been used in the past primarily fo r  the meastirement of prc@ neutrm llfs- 
time, is expected t o  be useful in cmtro l  studies planned fcr NpR and the K 
reactors. Methcds of extending the l o w  freqxency capabilities 9f +,he techniqce 
are being fmestiqated, 

Work w a a  ini t ia ted cn the NPR ccnffner pressure b ~ i . l . 5 ~ ~  pro?Aem. 
simulates pressure t ramients  in four areas a r o i d  the reac+,gr: 
rocm, the rear face room, the pipe gallery, and the heat exchanger cells. The 
transients are cs~sed by the intrcdGctim 9f hi@-prasscre steam h t c  the bcila- 
ing. It is desired t o  determine whether the  steam will ca'se Scrilding Fresswe 
t o  exceed %Le 5 p i g  ilesign pressure.' f ie  m&cg circuit   ha^ been FreFWed and 
is apparently wcrking properly, 

The prcblem 
the frcnt face 

Results shcdd ?e r e d y  hy early W e .  

+ ' .  ,: 

I . .  
The spezffications for the merimesltal contr3l digi ta l  cmpiter are wit.h AM= 
Puchaaing and axe t o  Be sent this week t.0 Frcspertive bidders fo r  tke i r  ccm- 
ment s 
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Init ial  -is of the new reactor speed-of-control sirmrlation, &bit% space 
and time dependent neutron flu in 19 side-to-side regions, has been carpleted 
a r ~ d  the r e d t e  iomamiei t o  IPD. 
reQuested in the near Arture. 

It is 

Plutonium c r i t i c a l  m e  Facility 

Work contimaed on the prepation of the 

expected tast additional nas w i u  be 

Laboratory for the c r i t i ca l i t y  experi- 
ments with plutonium solutions. 
.tanka and the tsnlclr were recalibrated. 
on the fast addition pump for the c r i t i c a l  assemblies and on the main transfer 
pnqp in the m l x i n &  hood; thia  effected a considerable reduction in the leakage 
at the p m  glads of these grrmgs. 
ayetan so that the expe-tsl c e l l  air and the c r i t i ca l  
caa be eempled fran the mixing roan by means of the main sir sempling system. 

lieu high level probes were installed in the 
Plexi3le drive c o u p l ~  were installed 

Piping was installed in the air sampling 
assembly hood air 

Tests were run with n i t r i c  acid solutions in the process system t o  detelmiae 
the amnrPt of l iquid holdup In the lizles and tanks of the Placility. 
also run t o  determine the &wee of mixing, and the time r e w e d  t o  mlx solu- 
tions u d e r  different i n i t i a l  coaditiona in the mixing tank. Uzder the condi- 
tions of the tes ta ,  the time required far canplete 
30 minutes. 

Tests were 

ranged f'run about 5 t o  

On the evening of M B ~  25 a power outage occurred in the 200-Ewt Area. 
conseqpnce, the air canpressor in the Facil i ty stopped run&g; w h e n  the 
air pressure became sufficiently law, the deluge sprinkler system in the reactar 
roan was autuuatically set off .  In all, a t o t a l  of 750 gal3.m of water w a s  
sprayed i n t o  the reactor roan. 
ments in the reactor roan. 
the 26th, and the equipnent dried out a placed in operation within several 
days. Steps are being takk t o  prevent the occurrence of this kind of incident 
in the ftature; the campressor for the air s u ,  w i l l  be eqplpped with a self 
starter, and plana are t o  install a separate air  storage tank for  the sprinkler 
system. 

Aa a 

Sane minor water damage occurred t o  the instru- 
The reactor roan was cleaned up on the morning of 

The processing of selected fuel in the R e d a x  Plant was begun la order t o  0ktai.n 
plutonium with a lwer than average Pu-240 content for the i n i t i a l  series of 
c r i t i c a l  maes experiments; the isotopic analyses w h i c h  b e  been run on the 
material during processing irrdicate that the plutcmium as received w i l l  have 
a Pu-240 content of about 4.5 percent. 

During the month 39.6 Kg of Ra metal were received from the D a r  Chemlcal Can- 
pany and stored in the 308 wlilding. 
content of 2.5 percent, w h i c h  is probably the lowest Pu-240 content platsni';m 
currently available in any large Qusntity. 
c r i t i c a l  experiments w i t h  solutions and in experiments with Pu%-polystyrene 
canpacts. 
ments w i l l  be conducted w i t h  plutonium containing different percentages of 

The pbatonium i a  reported t o  have a ~u-2hO 

The plutonium will be used in both 

In  order t o  determine the effect of Pu-240 on cr i t ica l i ty ,  experi- 

Pu-240 

.Several additional c r i t i c a l  assembly vessels were ordered fo r  the c r i t i c a l  mas6 
The vessels ordered were for an U-lnch., end a 13.5-inch dieneter experiments. 

sphere 
x 
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In Situ Neutron ~ t i p l i c a t i o n  Measurements with Plutonium Metal 

In s i tu  neutron lmiltiplication measurements with plutonium metal were ccntiEed 
in the 234-5 Building, w i t h  the measurements being made during week ends. Per- 
sonnel of CPD perfcrmed the experiments w i t h  i n s tmen ta t ion  fran C r i t i c a l  m s  
Physicso Senior personnel fran Crit ical  Mass Physics ~ravided  techoical seper- 
vision during the conduct of the experiments. 

The gurpose of the experiments is t o  obtain c r i t i ca l  mass estimates for Pu 
metal under the operating conditions encountered i n  the Plant. 
be used t o  establish mass limits for nuclear safety, 

The data w i l l  

On April 29 and 30, the in s i t u  multiplication measurements started ear l ier  were 
extended t o  include the airlock between hoods 2D and 20A and the Auaace i n  hcod 
20. nJo positions in the airlock were used for the tes t s ,  one next t o  the 
door of hood 20 and the .other w i t h i n  the rather massive flange connecting the 
airlock t o  hood 20. 
used in th i s  experiment. The extrapolated c r i t i c a l  mass was determined t o  be 
11.2 Kg in each case. 

For stacking in the crucible w i t h i n  the furnace, the pieces were centered i n  a 
tantalum crucible and held in place by aluminum spacers. 
lng coils t o  canplete the in s i t u  mockup. The c r i t i ca l  mass w a s  determined t o  
be 9.90 f -3 Kg in the crucible located w i t h i n  the f'urnace co i l s .  
experiment is be- planned t o  more accurately mock up the melting geanetry with 
discs of 3.35-inch diameter 

The same 2.75-inch discs used in the first experiment were 

Water w a s  in the ccol- 

A f'urther 

On May 13, an experiment w a s  performed in hood 20B on the stacking of rough cast- 
ings. 
per pallet  in hood 22 SR was  no addition& hazard. 
t o  1403 Kg (in six pieces), and the extrapolated c r i t i c a l  mass w a s  roughly 
determined t o  be in excess of 60 Kg. The experiment w a s  not carried close 
enough t o  c r i t i ca l  t o  make an accurate detemlmtion of the c r i t i ca l  massJ 
huwever, 60 Kg represents the mi- predicted by the three counters. 
from the results of these measurements, the mass l i m i t  f o r  hood 22 SR w a s  
increased by a factor of three. 

The purpose w a s  t o  establish that stacking 88 many as three such pieces 
The experiment w a s  csrried 

Thus9 

On May 28, the experiments with the 2.75-inch diameter discs of a phase metal 
were canpleted, TWO multiplication measurements were made. 
plutonium was positioned in a 3/32-inch thick tantalm crucible which w a s ?  in 
addition, par t ia l ly  reflected by an aluminum holder. A trtal of 8.2 Kg cf P;. 
were used in- the  assembly. 
Kg of Pu. 
mass of a pair  of hands held on top of the assembly, 

In one case the 

The c r i t i c a l  mass vas estimated t o  be about 13.9 
Data were also obtalned for estimating the effect  on the c r i t i ca l  

In the second case the plutonium metal was unreflected and positioned on a 
light metal support so as t o  minimize neutrcn reflection from the hood floor. 
From the multiplication data, the c r i t i c a l  mass w a s  estimated t o  be appraxi- 
mately 16 Kg of Pu for the 2.75-inch diameter Sare cylinder of a phase metal 
(Pu density of 19.4 gm/cc). 



B-43 

D u r a  a visit by E. D. Clayton t o  the Bperimental Reactor Establishment a t  
DauPreey, Scotland, on May 18 and 19, saue prelimin€cy results were obtained for 
the i n i t i a l  c r i t i ca l  mass cxpcriments w i t h  Pu@-polythene. The data of interest  

&cperimcnts in the new 

A split-half ramte assembly machine w a s  used in the canduct of the c r i t i ca l  
exparimenta . 
The plutdum-polythene campacts were positioned in half-inch tuck polythene 
bacea, with each bac c o z x t w  about half of the material. 
of plutonium in the b a e s  was 2.83 d c c .  'Ibe H/Pu atcmic r a t i o  w a s  seven. 
face of each box making contact w a s  covered with 0.007 Inch of tinned iron. 
Thus; with the boxes b-t together, the two halves would have been separated 
by a 0.014-inch thick 1- of tinned iron. The assemblies were completely 
reflected with a leyv of golythem a t  leas t  six inches thick. 

The average density 
The 

C o r e  Dimemion8 of 
Rectangular PSFalleleplped 

Reflected Cri t ical   ass 
(dPu of 7, Pu-240 - 3.24 Percent) 

7" x 7" x (6.6" nrminnl) e15.7 Q t o t a l  PU 

6" x 6" x (9.5" n-) &16.7 Q tatal pu 

The temperature rise due t o  a heat- was used in one of the assemblies t o  obtain 
a rough estimate of the tetuperature coefficient of reactivity. During a tempera- 
ture increase o r  ug t o  +69c ,  the reactivity coefficient w a s  indicated t o  be 
n/ - 2 x lO04/.C. 

The abme r e e t s  tll'c o f  paFticulrrr interest  t o  c r i t i c a l  Mass Physics, since 
the first experiments which are plauned far W o r d  with Pu%-polystyrene mix- 
tures rill have a naninaL H/P~ ratia of. 15. 

A6 prCViaus4 repozeted the British still  plan t o  terminate the experimental 
program of plutonium c r i t i c a l  mass experiments a t  Daunreay in December of this 
Ye=. 

Ambient temperature was 24 f l ° C .  

Measurement of lbp in the pcllR for Dilute Pu(I0m)~ solution 

The experiment t o  measure the limiting concentration, i.e., the concentraticn 
for which & = 1, for a 
No contnmination 

solution w a s  begun once more in the PCTR. 

The problem of containment of the Pu solution w a s  solved by welding a cap mer 
the spout of the tanks and then welding the tanks into the i r  jackets. 

E. D. Clayton, Cri t ical i ty  Discussions in Britain During FeS- 14-17? 
1%1, HW-68708. 
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No p r e l b b a z y  results are currently available, but the reactivity measurements 
with tanks containing twice and three times as much stainless s tee l  as the normal 
core tanks Indicate the stainless s tee l  t o  .have an appreciable effect on the 
measured value of -& which w i l l  have t o  be corrected for in the analysis of 
the data. 

Data Correlation - Developnent of Nuclear Codes for Cri t ical i ty  Calculations 

Monte Carlo C o d e  - HISS2 

The 
neutrona in inf ini te  h ~ e n e a u e  systems, has been caupleted. 
t ion .carried out with the code w a s  a determination of the age (7) of fission 
neutrons in water. 
IEN-7C90, a t o t a l  of ~O,OOO neutron lifetimes, 169,855, coUision events, were 
sampled. 
resomace (1.44 ev). The age value cenputed by HISMC refers t o  the slowing- 
dam density rat e thas the f lux.  

collisions w i t h  hew nuceli can be neglected and the hydrogen cross section 
taken t o  be constant w i t h  energy. 
flux age is given by, 

code, a Monte Carlo code t o  study the slowing down and diff'usion of 
The first calcula- 

For this calculation, which required 25 minutes on the 

Each neutron w a s  followed t o  i ts  first collision event above indium 

A simple correction t o  obtain the age flux 

The correction from the slowing-down age t o  

has been derived 427 , as- that in the vicini ty  of the final neutron energy 

~ f ( 1 . 4 4 )  = ~~(1.44) +*- 1 = T (1.44) + 0.43 cm2. 
Q 

s tr 

The results of the calculation are: 

Neutron Slowing-Down Density Age (72) = 28.7 -2 

Neutron  lux Age (If)  = 29.1 cm2 

Second Manent (Slowlng-Dam Density) (7) J 0 .1724xd  cm2 

Fourth Mamest (Slowing-Down Density) (9) = 0.7493~105 m2 

Mean Slowing-Down Time = 0.747 p sec, 

The value of the forego 

number generator used i n  th i s  calculation w o u l d  not give consistent results 
with different start numbers, a simple matter of calculating a few randan numbers 

calculated age i s  sanewhat larger than the recently 
reported measured value(3 '"3 of 27.86 f 0.10 cm20 It was observed that the random 

( 2 )  H. Goldstein, P. F. Zweifel, and D. G D  Foster, Jr., The Slowing Down of 
Neutrons in W o g e n  Media - Status of Theory and meriment ,  proc, of 
the International C o d .  on the Peaceful Uses of Atcrnic Energy, 1958, 
P/2375 0 

(3) R. C. Doerner, R. J. Armani, W. E. Zagotta, and F. H. Martens, Age of FissiQn 
mergy Neutrons t o  Indium Resonance in Water, Nuclear Science and Eagineer- 
iw: 9 , 221-240 ( 1961 ) e 
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before starting the ~ s l c u l a t i o n ( ~ ) ,  whereas the randan number generator used 
with the RBU code would give consistent results. 
therefore, presently being undertaken with the RBU generator which w i l l  a lso 
make use of more recent cross section data for oxygen. 

A new calculation is, 

Crit ical i ty  Hazards Specifications 

lOucleaF Safety in gL0 

1) order t o  accaannodste a spec id  series of density tes t s ,  a temporary 
increase in the maes llmit of the balance hood, R 231-2 Building, 
waa approved-for the Plutonium Metallurgy Operati2& The hood is 
normally limited t o  4.5 Kg of plutonium m e t a l ;  under the waiver, the hood 

and a spacing of at least 18 inches is required between units. 

Calculations were made for the Reactor Rglneering Development Operation 
t o  canpare the nuclcsr s a f e t y  parameters of 

the speclfic answers w h i c h  were given are as follows: 

contain 7.0 a. a both cases, the unit mass is limited t o  2.8 Kg 

2) 
el elements made with U-235 

enriched IQ and plutonium enriched Uo;?.(?, 8fu The questions submitted and 

a. What is the maximum PU% addition w h i c h  can be made t o  natural uranium 
&de (sum of Pu-239 and Pu-241) disregarding Pu-240 and Pu-242, w h i c h  
would permit the same nuclesr safety cri terion as would be used for 1.s U-235 U@ fuel elements? 

- Answer: 0.47 w/o Pu in U@ (0.72s U-235)-Pu(&. 

b. What is the maximum Pu% addition w h i c h  can be made t o  U Q  depleted 
in U-235 t o  0.2$ and s t i l l  use the same cr i ter ion for handling? 

The evaluation w a s  made by ccmxpsring material bucklings. 
a l a t t i c e  of 2.2-inch diameter rods in light water w a s  used. 
curves fo r  the U@ and U@-Puo;! fuels have similar shapes and the msximzrm 
values occur at e s sen th l ly  the same water-to-fuel volume ratios. 

In each fuel case, 
The buckling 

The q g e n  

(4 )  R. D. Cahoon, Private commlnication. 

Letter, H e  Eo Hanthorn t o  E. D. Clayton, Cri t ical  Mass Considerations - 
nel Cycle EconcPnics Process Study, AprU 7, 1961. 

(8) Letter, E. D. Clayton t o  H. E. Hanthorn, Results of Calculations - Fuel 
Cycle Economics Process Study, May 25, 1961. 
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sidered as all Pu-239, rather than a mixture of Pu-239 and Pu-241. 

3) Camnents were submitted t o  the Programming Operation concerning the safe 
storage of PRTR 2 2 w 
Cycle pilot  plant(g,16g o Preliminary planning of fuel element storage 

w e  
culations w i l l  be made f o r  the actual arrangements t o  be used. 

Pu-A1 allay Mark I fuel elements i n  the Fuels Re- 

U. be based on the safe l a t t i c e  spacings designated i n  PRTR stor- 
When FRPP design begins, however, detailed nuclear safety cal- 

Nuclear Safety in CE&UO 

A meeting w a s  held with personnel of Purchasing and Stores Operation t o  discuss 
the nucle afety of storing f i s s i l e  material shipments in the 1.1.66 warehouse 
-ding* bT It w a s  pointed out that the nuclear hazard from any one, or even 
a few, f i s s i l e  material shipments together, w a s  quite small because the safety 
margin required of the shipper w a s  large. Hmever, the margin of safety is  
significantly reduced by such factors as water flooding, changing container 
geometry, or stacking several Shipments together. 
the 1166 warehouse area, it w a s  suggested that shipments containing more than 
60 g of plutonium or  100 g of U-235, particularly fuel element shipments, be 
spaced a t  l eas t  three feet apsrt. 

To fbrther assure safety in 

Evaluations for Nuclear Materials Operation 

Two f i s s i l e  material shi 
Materials Opera t ion . (~ , f f7  Th e f i r s t  was f o r  a shipment of 30 barrels of 
uranium turnings, ranging i n  enrichment from 0.72s t o  3.0639 U-235. 
material comprised l e s s  than 2% of a c r i t i ca l  m86s and w a s  shipped by AM: 
escorted gondola car. 
U-235 enriched I&e fuel elements in the sane railway car with 40 barrels 
(2,200 gal)  of D20. 

nts were reviewed and approved for the Nuclear 

This 

The second w a s  for  a shipnent of f ive boxes of 0.95$ 

Msss mectrane tn  

Isotopic analyses were provided for Crit ical  Mass Physics on five samples of 
plutonium for  possible use as fuels i n  c r i t i ca l i t y  studies. Studies were con- 
tinued on the accuracy of analyses performed on the mass spectrameter for t h i s  

*- N 

Note, KO J. Schneider t o  H. C. Riches, Fuel Element Storage Spacing i n  

Letter, C. L. Brown t o  K. J. 
Storage Spacing in  FRpp, ~ a y  

Letter, C. L. Brown t o  R. G. 

Letter, C .  L. Ermn t o  E. D. 

- PRTR, my 26, 1960. 

Schneider t o  H. C.  Riches, Fuel Element 
2, 1961, 
Clark and W. E. Cmley, Nuclear Safety - 
Clayton, Nuclear Safety i n  the 1166 Ware- 

hause Building, m y  25, 1961. 
Letter, P. F. G a s t  t o  F. J. Zelley, Nuclear Safety Approval of U r a n i u m  
Turnings shipment, m y  2, 1961. 
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program. Two additional electron multipliers 
that these multipliers also gave a non-linear 
currents in the range of values of about 10-9 

were tested, and it w a s  determined 
response f o r  the multiplier mtput 
amps necessary f o r  analyses. The 

nonllnearities are about one percent f o r  current ra t ios  of about one hundred t o  
one. 

A set of baffles w a s  instslled in the spectraaneter tube which is designed t o  
lower the background caused by rhenium ions frcm the ionizing filament. The 
value of the baffles has not been determined as yet because of the multiplier 
studies in progress. 

mEupRa CROSS SETION PROGRAM 

Slow Matron Cross Sections 

A camnercially obtained sennanium single crystal  w a s  studied t o  detennine i ts  
value as a neutron manochrcmator for crystal  spectranetry. 
studies indicated that the crystal  sossessed a very smaU mosaic stmcture, 
less than one mirrute of arc. The crystal  ingot w a s  then cut with a diamond 
saw into several thin slabs. Measurements made on one of the slabs showed that 
the crystal  perfection was not nuticeably perturbed and confirmed the idea %hat 
strang extiaction effects were present. 
a manochranator i'f the mosaic stnrcture can be widened while preserving reflec- 
t ion  efficiency. 

Neutron diffraction 

This crystal  is of potential value as 

Fast Neutron Cross Sections 

The new pulse shape discrimhator c i rcui t  for counting fast neutrons in the 
presence of gaanna rays with a sc in t i l l a tor  detector w a s  tested. 
threshold of the circui t  is about 0.7 M s  neutron energy. The discriminator 
w a s  tested in the accelerator building under conditions equivalent t o  normal 
use a d  no operational problems were encountered. 
of a five-inch diemeter l iquid sc in t i l l a tor  ce l l  t o  be used with a 58AVP 
photamultiplier as a fast neutron detector using pulse shape discrimination. 
Further work on the time-of-flight .system w a s  hnmpered by additional break- 
dams of the multichannel analyzer. 

The apparent 

The design has been started 

Slow Neutron Scattering Cross Sections 

The meaaurenents of different ia l  inelast ic  scattering of neutrons of initial 
energy of 0.2 ev froan roan temperature water have been cunpleted. 

A sample holder which allows a metal scattering sample t o  be cooled t o  liquid 
nitrogen temperature has been installed on the spectraaeter. 
in progress of the scattering of neutrons of different incident energies frcm 
a vanad.ium sample at l iqu id  nitrogen temperature. The purpose of these measure- 
ments is t o  determine the relative efficiency as a function of neutron energy of 
the analyzing spectrometer. This efficiency must be known i n  order t o  interpret 
the inelastic scattering data on water previously obtained. 

A computer program t o  do least  squares f i t t i n g  of data t o  qaussian f'unctions has 
been written using the Hanford version ( G U S )  of a Los Alamos program. 
been debugged and is now in production. The study of the behavgor of the quasi- 
e las t ic  scattering of neutrons frcm water VU be subjected t o  more quantitative 

Measurements are 

It has 

error analysis using the leas t  squares f i t t ing  t o  the data. 

l 2 : ~ : ! 4 !  - .  
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Instrument at ion 

A prototype pulse generator w a s  developed t o  aid in developuent and use of 
time-of-flight instrumentation. 
c i r c u i t  by a mercury relay. 
t o  approximate a constant impedance. 
.order of 2 x seconds, as measured on a 1 x second r i s e  time oscillo- 
scope. 

A charged l i ne  is discharged into the external 
The relay capsule is mounted i n  a coaxial chamber 

The pulse r i s e  time seems t o  be of the 

The pulse length is determined by the length of the charging l ine.  

REACTaR DEVELOPMXXI! - 04 PROGRAM 

P L m m  RECYCLE PROGRAM 

Program manning 

A preliminary draft of a document describing the basis for  scheduling of the 
physics portion of the PRP w a s  prepared. Detailed schedules have not as yet 
been se t  forth. 

PRTR Critical  Tests 

Analysis of void coefficients using the SWAP code appears now t o  give good agree- 
ment with experimental results for spatial  distribution of coolant voids, and 
excellent agreement f o r  t o t a l  coolant l o s s .  
code were carried aut t o  provide the basis f o r  further.calculations. 

Cell calculations using the IDIOT 

3d.l Source Theory Aaalysis of PRTR Plutonium Loadings 

A small swrce theory analysis has begun of the PRTR subcritical t e s t s  using 
only plutonium fuel. 
sane discrepancies between.the t e s t  results and calculations using hanogeniza- 
t ion  procedures. 
permitted in the thermal group oaly. 
is inadequately known a t  this time, calculations are being made for a range of 
plausible values. The f i n i t e  heterogeneous l a t t i c e  code HET is being used i n  
t h i s  analysis. As HE2 is a relatively untried code, t h i s  work is a l s o  serving 
t o  debug the code; some inadequacies have been discovered and corrected. The 
results MW being obtained give relative fuel element absorptions somewhat dif-  
ferent than originally expected. These results are being rechecked and studied 
before being accepted. 

This analysis is being made i n  an attempt t o  understand 

A two-group model is being wed, with fuel absorption being 
As the small source parameter f o r  the fuel 

PRTR Startup EXperiments 

Two sets  of lutetium fo i l s  were irradiated during Crit ical  Test 15. 
set  w a s  irradiated when the moderator had i t s  maximum boron content of about 
0.019 gmslliter and the second set  when there was no boron in the moderator. 
The fuel loading and shim configuration were the sane during both irradiations. 
The LU-176 m and Lu-177 ac t iv i t ies  a t  the end of each irradiation were obtained 
by applying dead time and decay corrections t o  the f o i l  count rates using a 
modified version of LULU. 
irradiations were not so easily determined. This part of the analysis was cmp- 
l icated by the fact  that  each irradiation consisted of three period measurements 
rather than a constant power level and, i n  addition, a scram occurred during one 
of the irradiations. 

The f i r s t  

The buildup and decay of these nuclides during the 

A spectral index must be obtained next for each se t .  During 
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Crit ical  Test 21, lutetium fo i l s  were also irradiated at a constant power level 
with no boron. 
tions between the spectral index which is deduced f ran these  f o i l s  and the index 
which is obtained fran the foils irradiated during the period measurements. 
This canparison w i l l  indicate w h e t h e r  or  not useful spectral data can be obtained 
if circumstances do not permit constant power level i r rad ia t ionso  

!IBus, a ccmpsrlson can be made under equivalent reactor condi- 

Conclusions w h i c h  have been drawn fran a p r e l h h a r y  analysis of the data frau 
Crit ical  Test 21 are: 

The spectral lnderx in the moderator is constant as a function of 
position in a cel l ;  and 

The value of r e  varies fran 0.06 in the moderator t o  0.13 in the 

center rod of a 19-rod cluster of Uo;! rods and between 0.07 and 0.10 
for the Pu-A1 cluster. The r is the usual Westcott meamre of the 
proportion of epithennal neutrons in the reador ,  T I s  the neutron 
temperature and To = '293'Ke 

TO 

R c n q h  draf'ts of summaries of the experiments and the results have been prepared 
for the Series III tes t s .  
experiments heme been ' caqtiled for aU. three series. 

In addition, the resul ts  of the shim calibration 

Seven samples of plutonium fran the original f'uel load- of the PRTR were iso- 
topically anslyzed f o r  use in interpreting isotopic changes durlng PRTR opera- 
tion. 

The c r i t i c a l  Facil i ty of the PRP 

The fuel  element reqairemerrts for experiments which are being planned fo r  the 
Plutonium Recycle Program Crit ical  Facil i ty have been reviewed. 
taken t o  assure that the fuel w h i c h  is available now will st i l l  be available when 
the fac iUty  is in operation. Sane additional U@ fuel elements will be r e w e d  
and requests for their fabrication have been initiated. 

A canment issue of the "Safeguards Analysis", HW-69168 RD, has been reviewed. 
Cmnents have been forwarded t o  the authors. 

Steps have been 

The status of the uranium fuse w h i c h  is t o  Inject boron poison in the f ac i l i t y  
in case of an accident has been determined. It w a s  learned that consideration 
now is being given t o  replacing the fuse by an electronic system. Careful con- 
sideration w i l l  have t o  be given t o  such a system t o  make sure that it does not 
inject  the poison inadvertently. 

Low Exposure Plutonium Lattices 

The experiments using 1.8 w/o ~2-u in 19-rod clusters, i n  a 6h inch  graphite 
l a t t i ce ,  were canpleted on May 9. 
wed. 

About f ive shift-weeks of PCTR time were re- 
No Pu contanination problems were encountered. 

TBe f o i l  activation data have been processed, using APDAC-1, and the results 
are being examined. A pre1lmimz-y look a t  the f iss ion product ac t iv i t ies  of 
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pu-u f o i l s  relative t o  the fission product act ivi t ies  of T335-U f o i l s  indi- 
cate significant amounts of self-shielding of the Pu f iss ion events within 
the cluster. 

Neutron Spectrum Studies 

The parameters which Westcatt lists (CRRP-960) for  the absorption cross section 
of pu2% have been modified. The modified parameters when used i n  a function 
w h i c h  is a sum of single-level Breit-Wigner equstions w i l l  generate d u e s  of 
the cross section which f i t  the measured data (TlVCC(US)-58). 

Work is in progress on determining the change in (1 + a)49 which occurs upon 
poisoning a plutonium fueled l a t t i c e  i n  a PCTR experiment. t ion rates 
and fission rates have been calculated with ACE for  Lu, Cu, and Au in 
Maxwellian and Burwitz f lux spectra. 
similar results for  Mrurwellian and Hurwitz absorption spectra. A polyncxnial f i t  
has been made t o  the best available data for cqg up t o  1 ev. ACE input has been 
prepared for  dete-ng the spectrum averaged values of a, weighted with the 
fission cross section. 
ACE are completed. 
w i l l  then be made fran experimental foil act ivi ty  data. 

ACE input has been prepared t o  obtain 

This input can be used as soon as two new subroutines for  
A determination of the l a t t i c e  spectrum and cross sections 

Neutron Ret he& i zat  i on 

The absorption rod experiments have been delayed and are expected t o  start 
W e  5, 1961. 
w i l l  be obtained of the thermal act ivi ty  of europium. The use of europium 
w i l l  yield an additional measurement of the variation of the thermal neutron 
spectrum. The activation cross section of ~u falls more rapidly than l /v  i n  
the 0.01 t o  0.1 ev r e  ion. 

increase i n  sensitivity. 

In  addition t o  the work described i n  March and April, a traverse 

In  view of t h i s  energy dependence, Eu could be 
used in place of Lu 179 in the Lu spectral index detector. One could expect an 

Europim oxide resin f o i l s  and pins have been fabricated, irradiated and counted. 
The different ia l  y-ray spectrum of Fad53 has been canpared with Lu1t6 and Am241. 
The prcminent y-rays of Eu1p snd Ed9 are d 3 5  kev and d120 kev. For long 
irr 
Ed*and the 13-year isuneric s ta te  of Eulr. 

ations me should take account of the long-lived (16-yew) activity of 

Plutonium Fuel TemDerature Coefficient 

Design of the heating apparatus and insulated ce l l  for this experiment is 
nearly ccxuplete. 

Effect of Neutron Rethermlization on the Fuel Temperature Coefficient of Reactivity 

The study of methods for measuring the effect of rethermalization i n  a heated 
aluminum rod by means of reactivity measurements has been concluded. 
of interpreting such an experiment were considered: 1) As a change i n  thermal 
lifetime i n  the PCTR; 2 )  as a change in temperature of neutrons within the rod 
resulting i n  a change i n  rod absorptions; and 3 )  as a measure of the rethermali- 
zation cross section. None of the three methods were satisfactory, however. 
The first suffered from lack of sensit ivity and diff icul ty  i n  interpretation of 

Three ways 

6 
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the results in tenns of spectral changes within the aluninun rod alone; the 
second w a s  ccmplicated by changes that occur in the spat ia l  average of the flux 
mer  the rod as the rod is heated; and the third did nct include spectral harden- 
ing. 

&40 mfective Resonance Integral 

Work on the fabrication of the rods for  the 
-iment w i l l  proceed at Elutonium Fuels Develapment Operation as soon as 
the isotopic analysis on the HX a d  Ix plutonium is mailable. 

A s- of this study is currently being written. 

effective resonance integral 

The NPR ce l l  calculations without Monte Carlo resonance routines appeared satis- 
factory, alth- the ammxrt of self-shielding of the main U-238 reson'asces is 
s t i l l  inailaqllgte. 
tried, and resul ts  were in good agreement with tialues expected frm experiments 
and other calculations. 
resonance infamation w e r e  corrected, and an improvement w a s  made which reduces 
restrictions on memory space in the post-Monte Carlo. 
is nuw apparently satisfactory. 
RBU has been ccmpleted. 
PRPi core calculations. 
le ted early in the month. 

Several test runs with the resonance routines in use were 

Sam errors in  the post-Monte Carlo treatment of 

The thermalization routine 
The prellmlnary draft of the final report on 

Work is w e l l  advanced on the preparation of input f o r  
Mnal debugging of the Library Bit routine w a s  canp- 

C-6 

Bcansistencies in the C-6 program have been discovered and corrected. 
consistencies appeared when the resul ts  of cases having equivalent input were 
canpared. 
AIPD. 

- 
The in- 

The errors w h i c h  were detected were in the code as received frm 
C-6 now gives satisfactory agrement on the three C-5 t e s t  cases. 

Advanced Pressurized Water Reactor Study 

APWR runs using revised crosa sections in the MlilT.EAGER code showed an effect 
w h i c h  has been observed previously for other reactors, namely, "runaway" spec- 
tzum hardening as plutonium concentration is increased. 
probability of a-238 decreases more rapidly, in this situation, than the other 
reactivity paranetem can increase. 
require diluti6n of the fuel with an inert material in order t o  continue opera- 
t ion with recycled plutonium f'uel, since by reducing the U-238 content of the 
fuel loadlng the spectrum can be msintained in the thennal (high-reactivity) 
state 

The resonance escape 

The practical  consequences of this phenomenon 

A correlation between the Westcott cross sections used in MELEAGER and the 
heavy-gas-model cross sections cunputed by Horaritz and Tretiakoff (EANDC/E/lk) 
is under way, I n  this canparison the neutron temperature required for matching 
of the Westcott and gas-model cross sections is being cauputed as a flmc$ion of 
moderator t m e r a t u r e  and r-.factor for each isotqe.  For the AAJR at 316 C 
moderator temperature the neutron temperature of 45OoC which has been used i n  
the A€WR study was in excellent agreement for both U-23 5 and Pu-239 e For &her 
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isotopes, higher r-factors, and other moderator temperatures agreement is not 
as satisfactory. 

The PUCK code has been updated t o  conform t o  the current MEZEAGER cross sec- 
tions, and an option t o  permit Pu-242 t o  be present in non-equilibrium mounts 
w a s  provided. 

Cmparisons with other s p e c t m  models are planned. 

Supercritical Pressure Parer Reactor 

Further considerations of l a t t i c e  physics development problems were made, and 
a summary of these w a s  prepared for inclusion in the SPPR report. 

Instrumentation and Systems Studies 

Further t e s t s  on the experimental "last ditch" safety f'use system f o r  PRPCF 
w i l l  be held up unt i l  the uranium material arrives for  experimental fabrication 
of several actual units. 

Discussions were held with personnel fran the Pbysical Metallurgy Operation 
concerning electronic circuitry for a stored energy calorimeter t o  be used 
for m e t a l s  testing. A system design for the desired instrumentation may be 
started i n  July. 

Modifications were recommended for the PRTR Fuel Failure Monitor. The detailed 
suggested modifications include reorienting the scanning rate  control, changing 
the alarm reset circuit ,  extensive cable termination changes, changing the 
recorder level and reference t o  reduce d r i f t  which is  823 appreciable problem, 
and install ing circui ts  and indicators t o  show the actual position of input 
and output channel sort ing switches at a l l  times. 
materially accelerate the checkout and test procedures by proper identifica- 
t ion which is now impossible. 

The BF detectors wed in the 
the s t h  pile.  
same stsndard pile.  
ver t ical  traverse data. 
between detectors has not changed greatly. 

The last change w i l l  

Cr i t ical  Tests are being recalibrated i n  
These detectors were calibrated before the t e s t s  i n  the 
The changes in calibration w i l l  be used t o  correct the 

Preliminasy analysis indicates the relative sensit ivity 

The radiation resistant "0" rings were installed on the PRTR process tube 
inside diameter measuring probe and the variable different ia l  transformer 
shaf'ts subJected t o  a leak t e s t .  
w a s  corrected by replacing the shaft with another, l esssazred .  The data 
from one pair  of transducers were made unreliable when an irregularity in the 
joint between the tube extension and a process tube caught and bent a trans- 
ducer shaft. 

The first operational inspection of the PRTR process tube assemblies was.per- 
formed May 21, 1961, Four tubes were inspected during the operation and early 
indications are that  the performance of the Gas Annulus Gauge w a s  satisfactory. 
The instruction manual f o r  the Gas Annulus Gauge has been completed and issued 
as EW-69264. 
ing manual and contains a functional description of all modifications and addi- 
t ions t o  the original equipment, in addition t o  a discussion of recommended 

A leak found around one of the four shafts 

The damaged part i s  t o  be replaced. 

This manual is intended t o  supplement the Magnatest FW-400 operat- 
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a l i v n t  and operating procedures. 

-her tes t ing of the nm ultrasonic transducers, purchased for measurinq the 
w a l l  thickness of the PRTR process tubes, indicates that acoustic coupling 
problems, previausly encountered, are almost nonexistent with transducers 
haxrlag active surface areas of approximate4 1.0 x 0.5 inches. However, 
Stnrctural M8terials Operation advises that -her consideration of the 
problem has resulted in a decision t o  reduce the active area of the transducers 
t o  a nmchm of 0.0625 inch2, thus reducing the tube w a l l  under inspection t o  
apprtxhurtely the same area. A nma'll inspection area is considered essential. 
for correlating the inside diameter and w a l l  t h i c h s s  data t o  produce informa- 
t ion  f o r  determining the magnitude of metallurgical "creep" the Zircaloy-2 
process tubes may exhibit. 

The recording of PRTR neutron flux obtalned last month has been analyzed in 
89 attempt t o  detezmixle the pRp( pruupt neutron lifetime. 
large extraneaus s l g E a l w a s  present in the recorded signal, tending t o  obscure 
the desired Information. It is expected that at leas t  part of the extraneous 
s i g n a l  resulted frau moderator level oscillations observed during the t e s t .  
However, further testing w i l l  be requlred t o  isolate this source of trouble. 
The new ion chamber fabricated for this t e s t  is efficient enough t o  define the 
comer  frequency (break) due t o  neutron lifetime. 
measurement w i l l  be obtained w h e n  closer control of moderator level can be 
maintained. 
The calculated value is 7.3.  
Atl that the accuracy of the experimental value is bet ter  than f 20s. 
t e s t s  are plaxmed after ccmpletion of the power tes t s .  

The alternate method of obtaining the "noise" signal, frau the output of a 
proportianal counter-couxt ra te  meter canbination, fielded results which are 
encouraging. a?e low frequency end of the frequency response curve nearly 
matched that of the m e  obtained with the ion chamber. 
frequency ( l o w e r  amplitude) portion of the m e  w a s  masked by the "detection 
noise" signal generated w i t h i n  the counter. 
the avallable e@- w a s  not capable o f  handling high counting rates. 
does appear that the method can be used, however, if a high speed counting 
system is obtained. 
mately 7.5 million counts per minute. 

The PRTR Gas Balance System Simulation is in progress. 
ing conditions, the enclosed gas system may become oscillatory. 
sure oscil lation w i l l  in turn cause an oscil lation in the moderator level 
and consequently, a pmer level oscillation. 
attempt t o  determine the necessary system changes t o  eliminate the possibil i ty 
of oscillation. The preliminary work has been ccerrpleted and the problem is 
ready t o  go on the analog computer as soon as suf'ficient time is available. 

. 

It w a s  found that a 

It is expected that a better 

The value of p/# indicated by the t e s t  w a s  estimated t o  be 6.5. 
Due t o  the extraneous noise signal, it is doubt- 

Further 

However, the high 

This effect w a s  expected since 
It 

The maximrrm count rate used during the t e s t  w a s  appraxi- 

Under certain operat- 
The gas pres- 

This study was initiated in an 

NEUTRON 3ZUX MONITORS 

Prel.fminarv imrestigations show the graphite moderator temperature is nearly 
constant f o r  a given l a t t i c e  c e l l  and tends t o  follow, with an approximate 
one-hour delay, the neutron flux in a unique manner over a localized In-core 
region. The correlation holds for a particular coolant gas canposition, and 

1 ? [ 2 r ; y )  
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since such compositions are recorded f o r  HAP0 reactors, particular flux-versus- 
temperature curves can be selected for  use. This selected pattern, combined 
with fission cross sections f o r  Pu 239-241 which are monotonically increasing 
w i t h  neutron temperature, can show that the macroscopic f iss ion cross section 
f o r  various neutron temperatures can be made constant over large flux-time 
intervals by detector material choice. In addition, the pattern shows that 
the epithermal neutron r a t io  tends t o  be constant in the graphite. 
going relationships have led t o  an idea f o r  a nonlinear, easily calibrated, 
in-core flux monitor. . 

The fore- 

The proposed monitor w o u l d  have inrmediate response t o  neutron density changes 
and a slow transient response, delayed about one hour, t o  gradual effective 
neutron temperature shifts of the graphite due t o  neutron density and gamma 
level changes. 
a unique flux level,  

It is thought that a neutron detector measuring neutron f lux may be preferable 
t o  one measuring only neutron density. 
measure of local parer than would neutron density, since the reactor f'uel does 
not have a l /v  cross section dependence in generalo 

It appears that control rod effects on the flux-versus-temperature correla- 
tions can be considered as neutron point "sinks". I n  this case, the rods 
affect neutron density t o  cause flux and graphite temperature changes, 
is believed that the equilibrium graphite temperature attained due t o  rod 
repositioning w i l l  l i e  on the same flux-versus-graphite temperature p l o t  
valid before rod movement 

The Westcott thennal neutron cross sections f o r  Pu 239-240-241 monot o n i c a ~ y  
increase with neutron temperature and increase i n  a nearly l inear fashion 
frm 20@C t o  7OO'C.  
Pu isotope canposition for a constant sensit ivity detector i n  a neutron spec- 
trum w i t h  constant epithermal neutron r a t i o  Over a range of effective neutron 
temperatures f o r  sane time interval. 
neutron temperature and the epithermal neutron ratio.  
isotope canposition w a s  ea r l ie r  determined t o  show a nearly constant neutron 
sensit ivity f o r  neutron temperatures fran 4 2 9 ~  t o  625°C. 

The capos i te  equilibrium response should then correspond t o  

The local flux w o u l d  seem a better 

It 

The foregoing effects permit selection of a suitable 

The time internal depends on the verage 8 A particular $3 -Pu 

The appraximate p r o p o r t i o a i t y  of ~$39-240-241 neutron cross sections has 
permitted a mathematical search for  an optimum detector based on the least  
sensit ivity variation, the highest possible sensitivity, and longest l i fe -  
time. 
search. 

The established formulation is being programmed f o r  use i n  a canputer 

NONDESTRUCTIVE TESTING RESEARCH 

Electromagnetic Testing 

Analysis of data obtained using the broadband eddy current testing equipment 
in t e s t s  of a mockup unbonded fie1 element has sham a need for more definitive 
data, Mathematical analysis of the data by Operations Research and Synthesis 
Operation has revealed no pattern on which the design of individual parameter 
readout transforming circui ts  may be based, This is believed t o  be a result  of 
lack of inherent resolving potential i n  the data due t o  experimental conditions 
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rather than a basic limitation in the general method of apprcach. 

%SI data f o r  this w e  of analysis are being obtained using an apprarcimate 
equivalent e lectr ical  c i rcui t  representing a laminated metal structure which 
can be adjusted over a wide range of variables. The circui t  includes five 
inductively coupled secondary coils w i t h  provision f o r  individual resistance 
loading t o  simulate different metal layer e lectr ical  conductivities. 

Problems concerned w i t h  m l t i p l e  parameter readout hsve much in caamon with 
those encountered in the control of multi-variable systems. 
w h i c h  Imrlti-variable control theory can be applied t o  the d t i p l e  parameter 
readout problan is being explored. 

The extent t o  

A further review of the l i te ra ture  of signal analysis w a s  made and a working 
bibliograpby in this field is being expambd. 

The two delay lines for  use in the s e m n t a l  time reversal device t o  be used 
in analyzing the broadband eddy current signals were received, but the maxu- 
facturer had inadvertently cmitted the 100 taps on each f i l t e r .  The f i l t e r s  
were returned t o  the factory for tapping. 

An inductive (eddy a m e n t )  themaneter w a s  fabricated for  use in the heat 
transfer tests t o  make the prototype available for further developnent use. 
It is desired t o  make modifications in the prototype t o  improve s tab i l i ty  
of the W e c t  current readout, and t o  increase the accuracy of the autc8natic 
probe temperature control feature. 

A high amperage wed current source using a type 6587 hydrogen thyratron 
tube was assembled f o r  use in the laboratory in broadband eddy current t e s t s  
and generation of ultrasound. 
amperes peak and one microsecond duration have been obtained using this  m-. 
rent source. 
increase in sensi t ivi ty  over that obtained with previous t e s t  arrangements. 

Pulsed eddy current driver currents of 150 

The new pulser and other improvements WU result  i n  a 100-fold 

Heat Transfer Testing 

Heat tramfer t e s t s  on Zircaloy-clad uranium fuel elements, containing 1/8-, 
1/40, 3/80, and 1/2-inch-diameter manufactured heat transfer defects in the 
fuel core-to-jacket bonds, showed that present heat transfer testing eqpip- 
ment is capable of detecting defects down t o  1/8 inch in diameter. Natura 
heat transfer defects have also been detected in the bonds near the ends of 
several Zircaloy-clad flael elements. However, no heat transfer defect could 
be detected in the region of a large ultrasonic defect in the bond of one of 
these fuel  elements. 
but not bonded. 
both Zircaloy and aluminum clad fuel elements shared no general correlation 
between weld strength and heat transfer characteristics. 

Heat transfer t e s t  standazds were fabricated by removing 1/8-9 1/4-, 3/8-> and 
1/2-inch-dituneter sections of jacket fran a Zircaloy-clad uranium Fuel element. 
The uranium under the c i r c u l a r  holes thus produced in the jacket w a s  relieved 
0.005 inch, a mica disk placed in the re l ie f ,  and the circular sections of 
jacket electron-beem-welded back into place. Subsequent t e s t s  indicate that  

This indicates the jacket and core were in close contact, 
Tests on the w e l d s  of "suitcase handle" type self supports on 

I y ) 3 C ' 7  
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heat transfer through the welds is as good as through the original jacket a HOW- 
ever, the welds w i l l  be destructively examined when a standard can be spared for  
t h i s  purpose. Heat transfer t e s t s  using a radiometer and plasma arc heat source 
on the Zircaloy-clad standards indicate that 1/8-inch-diameter defects can be 
detected in the bcnds of zirconium-clad fuel elements, whereas 3/8-inch- 
diameter defects are the smdlest  reliably detected in aluminum-clad uranium 
fuel elements thus far. N a t u r a l  bond defects near the ends of several zirca- 
loy fuel elements occurred due t o  brazing. Heat transfer t e s t s  clearly indi- 
cated discontinuities due t o  these defects. Further t e s t s  of Zircaloy-clad 
fuel elements indicated, just as in aluminum-clad uranium pieces, that  ultra- 
sonic bond discontinuties do not always indicate a heat transfer defect. No 
heat transfer defects could be found in a Zircaloy-clad uranium fuel element 
which w a s  shown t o  have a large ultrasonic bond defect. 
w o u l d  be almost as effective in preventing heat flaw a t  the lar t e s t  tempera- 
ture as the mica in the standards, the core must have been in contact with the 
jacket over the ultrasonic defect e 

Since a lack of contact 

Welds of "suitcase handle" type self supports on both aluminum- and Zircaloy- 
clad fuel elements were heat transfer tested. Self supports on the aluminum- 
clad elements were then destructively tested in an Instron tensile tes ter  t o  
determine weld strengths. Although many of the welds showing poorest heat 
transfer characteristics were ring welds, there w a s  no general correlation 
of heat transfer t o  strength. 
sugports on the Zircaloy-clad element, but welds supposed t o  be defective on 
the basis of preparation shared no general trends i n  heat transfer qualities. 

It was not possible t o  destructively t e s t  self-  

Zirconium Hydride Detection 

The feasibi l i ty  of applyFng the H a l l  Effect t o  the measurement of hydrogen 
concentration in Zircaloy-2 samples is being investigated. 
measurements were made on four samples having hydrogen concentrations from 
0 t o  lo00 ppm. 
the sample holders and in the method of attaching the H a U  leads t o  the 
sample. 
been developed and found t o  reduce stray s1gne;Ls t o  an acceptable level. 
oscil lating detector has been fabricated t o  t e s t  the feasibi l i ty  of using 
nuclear magnetic resonance f o r  hydrogen detectionJ 

Hall voltage 

The measurements indicated that improvements were needed i n  

Co-axial sample holders aad spot welded electr ical  connections have 
An 

Initial sample holders f o r  the H a l l  voltage measurements consisted cf Micarta 
blocks. 
pressed into the sample under pressure. The point contacts were found t o  be 
unreliable and spot welded contacts were t r i ed  and sham t o  work satisfactorily.  
The heat developed during the welding is  sufficiently localized and of short 
duration that it does not significantly a l t e r  the concentration or  distribution 
of the hydrogen in the  sample. 

Electrical contact t o  the sample was made with carbon s tee l  probes 

The major portion of the spurious signal is due t o  the semple current inducing 
a voltage into the H a l l  voltage loop. 
when there is relative motion between the high current carrying leads and the 
H a l l  leads. 
the amplitude of vibration of the current carrying leads by r igid sample holder 
construction and by reducing the area enclosed by the loops themselves. 

This voltage is f i e ld  dependent only 

Two methods of reducing these spurious voltages are t o  minimize 
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The HaU leads were fimly taped t o  the sample and the ccrmplete sample then en- 
closed in copper. 
and as an effective electrostatic shield. 
H a l l  l e& are offered sane degree of r ig id i ty  by the tape. 

The cupper serves as the return path for the sample current 
The Thus both loops a r e  minimized, 

This method of holding the sample w a s  uti l ized t o  m e w e  the H a l l  voltage cf 
a cmmercial quality copper sample. The H a U  coefficient agreed t o  within 20 
percent with published values for  high purity copper. 

'phe 
using this technique far holding the sample. 
noise r a t io  was bet ter  than ten  w i t h  a magnetic f i e ld  of 1.5 kilogauss. 

voltage of a Zircaloy sample of unknown hydrogen content w a s  measured 
The H a l l  voltage-to-spurious 

Current leads have been welded on eight standard ZiFcaloy-2 samples and they 
are being prepared for H a l l  voltage measurements, 

PBYSICAL RESEARCH - 05 PROGRAM 

Mechanism of Graphite Demage 

Measurements were begun of the change in resistance of mEIR graphite irradiated 
with 2 Mev electrons at liquid nitrogen temperatures. 
measurable resul ts  were obtained. 
be removed ( t o  within 0.2s) by annealing the  graphite a t  about l p ° C .  

Reproduc1bJ.e and accurately 
It was f d  that the radiation damage could 

It w a s  found that thermocouples were unsuitable as temperature monitors f o r  
the graphite at l iquid nitrogen temperatures. Sane thermistors were obtained 
that prwed adequate for this purpose. 

It w a s  observed that liqpid nitrogen irradiated in the Van de Graaff beam tuned 
blue. It was concluded that the blue substance w a s  ozone produced by irradiation 
of dissolved cncygen present in the l iquid 

BIOLOGY AND MIDICTmE - 06 PROGRAM 

Aaospheric Physics 

Two addi t ional  diffusion experiments were 
ing the month, brinsing the totals of the 

nitrogen. 

successfully canpleted a t  Hanford dur- 
year t o  eleven successes in f i f teen 

trials. 
gradients in the lower levels of the atmosphere, ut i l iz ing a source near ground 
level with dosage measurements on both the horizontal and veletical sampling 
grids t o  a distance of 3200 meters. 
version existed above the 200-foot level  on the meteorological tower, providing 
our f irst  measurements of dispersion conditions under a low-level "capping 
inversion" a t  Hanford. 

Both experiments were conducted during unstable ver t ical  temperature 

During one experiment, a temperature in- 

A second series.crf comparative turbulence measurements between the sonic 
anemmeter developed a t  the University of Washington and the w i n d  cmponent 
meter developed at Hanford w a s  canpleted. 
square ver t ical  velocity fluctuations aver a three-mimate period showed that the 

Comparison of calculations of mean 
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Y 
wind cmponent meter gave about four times the value computed frm the sonic 
anemmeter record, This difference is believed t o  a r i se  from the combined 
effects of instrument response t i m e  and space average, the cam onent. ma+--  

providing the fas te r  response and smaUer space avera- 
turbulence t o  much higher wave numberc 

‘easui= the 

I n  A i r  Forcc-supported programs, diffusion experiments at Cape Canaveral, 
Florida, were started on ~ s y  1 5  as scheduled., Pan American Airway’s field 
aperating forces were W y  trained by General Electric personnel during the 
previous veek and scheduling procedures established with Range Supervisory 
Operations for  the Atlantic Missile R a n g e ,  By month end, eleven experiments 
had been canpleted, u t i l i z ing  a source near ground level  with dosage measure- 
ments made on a horizontal sampling grid t o  a distance of 1.5 miles. Opera- 
t ions were curtailed for  four days when a high pressure area off southern 
Florida caused adverse w i n d s  over the test area. Samples collected during the 
f irst  eight experiments were received on-site and assayed for tracer loadings, 
Moderate loadings of dust and engine exhaust were noted on some samples. 

Preparations for startup of diff’usion experiments at Vandenberg A i r  Force 
Base, California, progressed sa t i s fac tor i ly  with shipment of all items t o  be 
Rrrnished by Atmospheric Physics Operation canpleted. 

Dosimetry 

The chair i n  which subjects sit while being counted a t . t he  whole body counter 
w a s  removed fraa the ce l l .  
in i ts  place. 
can be substituted for  our present method of counting. 
the P-32 measurements w a s  mounted so that it c m  be placed Over the subjectus  
chest while the scanning count is taking place, The data obtained from this 
counter w i l l  serve t o  establish normal. backgrounds for  use i n  P-32 counting. 
It w a s  observed that considerable variation in t h i s  background occurs from one 
subject t o  another. 
these variations with measured body burdens of other radioisotopes. 

A shadow shield counter made of lead bricks w a s  prepared. 
about five tons. 
taken i n  the shield. 
data that w i l l  permit evaluation of its usefulness, 

A scanning counter placed beneath a bed was put up 
The purpose is t o  acquire data t o  see if  this method cf scanning 

The counter used i n  

When sufficient data are  obtained w e  w i l l  try t o  correlate 

The t o t a l  weight is 
A moving bed w a s  prepared so that scanning counts could be 

This counter w i l l  be used on human subjects t o  accumulate 

Studies of P-32 in human subjects continued. 
body w a s  st i l l  observed. It now appears, however, that errors result ing from 
ignoring this redistribution w i l l  be smaller than the errors due t o  variation 
in background between individuals. 

Redistribution of the P-32 i n  the 

In three recent cases of inhalation of zn-65 it w a s  observed tha t  the i n i t i a l  
elimination of the zn-65 w a s  more rapid than when the isotope w a s  ingested, 
One subject l o s t  68$ of h i s  initial burden during the first two days and after 
one week had on ly  15% of his i n i t i a l  burden. 
high elimination although he s t i l l  had 4C$ a f t e r  two weeks., 
l o s t  83s of his  ini t ia l  burden within f ive days 

Radiation Protection Operation was assisted i n  the identification and measure- 
ment of radioisotopes i n  four employees involved i n  a contamination incident 

Another subject showed an initial 
Another subject had 
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and in prep=- b t a  f o r  their report on results obtained with the whole bw 
c0U;llter during 1960. 
++np a 0 

The positive ion Van de G r a a f f  operated satisr-torily d u r a  the month. 

Studies w e r e  begun of a Li 6 1 neutron sgectraaeter. performance a t  room ten- 
pcrature w a s  satisfactory thaugh not good enough for spectrametry. Prepara- 
t ions f o r  cooling w i t h  li@d nitrogen are in progress. 

wing examinstion of the four enrployees 811 isotope emit- 
@v gamma ray w a s  observed. Its half-life w a s  l ess  than twelve 

hours. IF- LLVC adentified, 

PreIjarations were made t o  use the lsrge moderator fabricated last month for 
measumnents of n a t r o n  emission frap plutonium s q l e s .  
mcnt Operation is dmeluping the use of the moderator for neutron activation 
studies. A water cooled thick beryllium target was prepared for this purpose. 

As psFt of the program t o  raise the V a n  de G r a a f f  operating voltage f o r  use 
during studies of alpha-neutron reactions the accelerator tank w a s  fi l led with 
a mixture of SF6 and 
machine operated at 2.5 MV for abaut one-hslf hour w i t h  no sparking. 

Radiological Develop- 

This improved the insulation sufficiently that the 

While waiting f o r  the Sb-124 neutron source t o  be activated studies were made 
t o  s t i l l  f'urther improve the sensi t ivi ty  of the g a m a  ray calorimeter. 
sensi t ivi ty  is already sufficient f o r  the sb-124 measuresuents. 
were aimed at fiture use. It w a s  found that about another order of magnitude 
increase and sensi t ivi ty  can be achieved if small drifts in the resistors of 
the Wheatstone bridge can be eliminated. 

The 
The imprwements 

Final prototype fabrication is nearing canpletion on the experimental scirrtilla- 
t ion airborne plutonium monitor using coincident counting techniques. 
cuitry, except for final readout, is transistorized. The readout circuit  w a s  
canpleted in developent and uses a magnetic amplifier t o  drive a 20-0-20 micro- 
amp meter. 
versus time of detector exposure. 
extreme temperature inversions t o  determine the radon-thoron rejection abi l i ty .  
The canplete control chassis is fabricated snd tested. 
be done concern the phototube control chassis. 

A l l  c i r -  

More data are r e w e d  t o  establish the minimam detection levels 
The final tests must be conducted during 

Final fabrication t o  

The contacting fiber plus ionization chamber approach t o  the pocket-size 
alarming dosimeter problem w a s  temporsrlly shelved. 
and the circui t  performed correctly for  short-term use) the leakage problems 
proved to be extremely diff icul t  t o  correct t o  pemi t  long-tern use without 
error 

Although the idea w a s s n u n d  

The autanatic recharge approach idea f o r  an ionization chamber for use i n  the 
pocket alaxming dosimeters continues t o  show excellent promise, 
in benchboard form, the chanber produces an output pulse, independent of 
supply voltage changes of k 5 8 ,  for each 10 t o  I2 m r  of dose received. 
cause of the stated independence, a charged Wlar (very law leakage) capacitor 
can be used as the rechsrge voltsge supply. A special miniature amplifier w a s  
developed t o  azu@iq the chamber-produced pulse t o  drive a miniature register,  

As adjusted 

Be- 

I L W Y i b  
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The system operated sat isfactor i ly  in benchboard form fo r  the month: and fabri- 
cation w a s  started on a miniature prototype. As an added point, the chamber- 
produced pulse can, and w i l l  l a te r ,  be used t o  pulse a miniature transmitter t o  
send accumulated dose information t o  a central station. 
excellent pranise. 

T h i s  system shows 

All transistorized circuitry, assembled i n  prototype form, has been satisfac- 
t o r i l y  tested for the pocket alarming dosimeter using a photocell light-readout 
frau a m o d i f i e d  (illuminated f iber)  self-reading pencil dosimeter. For cmple- 
t ion  of the prototype, the photocell must be more ruggedly mounted on a new 
pencil dosimeter 

,Investigations were canpleted concerning an ion generator used f o r  small animal 
experiments a t  the Biology Operation. 
centrations available snd of the proper methods for  ut i l iz ing the equipment i n  
the experiments 

Measurements were made of the ion con- 

Investigations concerning airborne tritium detection, using scint i l la t ion methods 
and a difference current fran two phototubes, indicated that noise level consid- 
erations and lack of available sensit ivity a t  the airborne tritium levels of 
interest  w u u l d  prevent proper operation. Other approaches are being considered. 

Continued progress w a s  made on the Automatic Film Badge Densitmeter System 
and all necessary fabricated circui ts  have been received and installed f o r  a 
complete system t e s t .  
minor trouble-locating canpleted before the final system tests can commence, 

Only a few cables remain t o  be fabricated and some 

A preamplifier w a s  developed and is being tested for use in the communications 
portion of the pocket-dosimeter-to-central-station radio l i nk  for the integrated 
monitoring program. 

Continued progress w a s  made i n  the experimental fabrication of developmental 
surface barrier s i l icon solid-state detectors. 
w a s  attempted; however, it prwed much less  satisfactory than the previously 
established technique. Two neutron-sensitive units were obtained f o r  further 
studies. 

A new technique of fabrication 

Reproducibility of thermoluminescent dosimeters has nearly been attained. 
problem remains of obtaining constant coupling between the dosimeter metal holder 
and the work co i l  of the induction heater. 
the dosimeter into the work coil .  A t  present? the actual dosimeter uses two 
0.020-inch-thick9 0.25-inch-diameter iron or Kwar discs separated by 0,080 
inch of Herhet.  
l e t e  unit is Pyrex glass encapsulated in a helium atmosphere. A peaking; factor 
of 5:1 is  obtained at 70 Kev f o r  the exposed side of the unit; whereas, the 
unexposed side shows a canplementary (inverse) peaking effect ,  Dual phototubes 
and electronic circuitry readout methods w i l l  be used in an attempt t o  average 
the two effects t o  produce gamma energy independence t o  k lC$ down t o  less  than 
20 Kev for  2rr seametry, 

The 

This hinges upon the placement of 

The phosphor (CBF2:Mn) is coated on the discs and the c a p -  

The experimental beta-gamma sc in t i l l a t icn  transistorized Checkout Station Moni- 
t o r  is appraximately 75s canpleted i n  prototype form. 
beta-gama hand and shoe counting, a cabled probe aural clothing counter, a 
general area monitor, and a background suppression scheme all into one monitor. 

This unit incorporates 
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Assembly w a s  just started on the new inexpensive probes for the expermental 
sc in t i l l a t ion  transistorized combination Alpha-Beta-Gamma Hand and Shce cam- 
te r .  mew probes were designed t o  reduce the over-sll instrument cost by 
nearly $1000 while actually impruving the detection sensit ivity and probe 
response uniformity 

Isotopic AIlalys is 

The mass spectKIlreter far this program provided isotopic aDalySes of program 
sanrples during the month. 
in the month which w a s  traced t o  a non-linear response of the electron multi- 
plier. 
reduced the nopliaearity of response t o  about 0.5 percent for  a current r a t i o  
of one hundred t o  one. 
s t m  sample be apalyzed f o r  each unknown sam-ple analysis in order t o  es t i -  
mate the bias of the sample arralysis. 

An instrumental malf'unction w a s  discovered early 

A near aptinrum mode of operation of the Ilailtiplier w a s  found w h i c h  

This systematic nonlinearity has required that one 

Lutetium cadmium rat ios  w e r e  measured in the thermal column of the TITR t o  
obtain data far epithennal corrections t o  the neutron temperatures that have been 
measured previously inside fuel elements. 

One unscheduled Crpi shutdam occurred, w h i c h  w a s  caused by instrument failure.  

The pcTR operated throughout the month mostly on a t w o - s h i f t  basis. 
uled shutdowns occurred, OIZC aa a result  of incorrect instrument bypassing and 
the other caused by electronic failure. Fipsl adjustment of the front face 
rails w a s  made, but reactivity reproducibility w a s  not up t o  standmd. 
believed that this is a result of the lifting of the face and removal and rein- 
s ta l la t ion  of the r a i l s  that was requked for plutoaium decontamlnation. 

Two Unsched- 

It is 

The Plutonium-alumirrum Arel in 64-inc13 graphite l a t t i c e  experiment w a s  ccmp- 
leted, and the plutonium nitrate solution experiment was started. The nuclearly 
safe concentration in Inf ini te  volume is being determined. 
200 liters are required aa contrasted w i t h  3000 liters for  the inf ini te  c r i t i c a l  
assembly method. W e  concentration is 11.4 d l i t e r ,  
i n  double canned aad welded stainless s t ee l  tanks. There has been no contamina- 
tion. 

Using PCTR techniques 

A l l  solution is contained 

Revision of the PCPR 
were issued covering operating Standards, operating Procedures, Check Sheets, 
Temporary Revisions t o  Safety and Ixterlock Circuits,  and Radiation Work Proce- 
dures. 

w a s  started. Sections B, C, D, E!, and G of m-69n4 

CUSTOMER WORK 

Weather Forecasting and Meteorological Senrice 

Consultation servLce w a s  rendered on meteorological and clbatolog1ca.l aspects 
of 1) shipping of radioactive materials, 2) f iss ion product releases from process 
and laboratory b u d i n g s ,  7.1 siting of Civil Defense Rnerqency Relocation Center, 'r- 1 2 5 L d  icr 
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and 4 )  czone release from process vents, 

The last i . ~  a series of three schecklsd reports on prcspective 1961 crests cf 
the Colmbia River f low a t  Hanfore was issued in Mid-May, 
tion in the poe ion  of the Colmbfa River watershed affect- Hanfoni Works 
w a s  scted during April and early May, mch of which h& accl.sn;lsted as snow 
a t  high elevaticns. 

Abundant precipita- 

Slight upward revisian in the fsrecast was required. 

1961 1960 
For e cast Obs emed 

Peak f lm  ( l a i t s  of 103 CFS) LOO-4TO 311 .k 
peak stage (feet  MSL) at: 100-5 . 406-409 m3.4 

100-K LO1-404 397 0 'T 

100-H 387-390 38L .o 
1OG-F 382-385 ,778.8 
Richland 349 -3 53 3L6 0 5 

100-D 395-397 392 2 

Since extrgmes of weather cculd a l t e r  the Fredicfions jiven above, short- 
range farecasts w i l l  continue t o  be included on tape-recorded messages (zele- 
phone 2-7888 j .  

Meteorological services, viz 
cal services were provided on a routine basis .  

weather f crecast 8 , observations and c l h a t o l o ~ i -  

Type of Forecast Number Made ,& Reliability 

~ - H W  Product ion 
24-E- General 
Special 

93 
62 

165 

83.8 
80 "9 
86.1 

Temperatures averaged w e l l  belou ncrmal during Nay and precipi%aticn totaled 
well above. 
the 25th, one of the monthPs few w a r m  days. 

A highlight w a s  the ocwrrence of a rather severe storm t o  climax 

m t r a e n t a t i c n  and Systems Studies 

The transistorized scint i l la t ion >eta-gamma protcty-pe a i r  monitor, u i n g  a 
moving tape f i l t e r ,  operated sat isfactor i ly  f w  the month in  the 327 &i1diige 

Testing of the electronic circul+,ry is aearly ccrmplete for +,he ccmbined AQh- 
Eeta-p&mma Cell Ekhaut Monitor for  Cfiemfcal Research Operation, 325-A Xilding., 
The mechsnical portions cf the detector head were received and are 'be- a-a a&=- 
bled. Ccmplete system t e s t s  should star+, i n  tvo weeks, 

One of the two High Level Alpha A i r  Monitcrs from 231-2 w a s  returned t o  the 
f ie ld  and it aperated sat isfactor i ly  for  the month. 
fcr the second uit were ordered ht have not been received yet, 

A majority of the electronic design w a s  ccmpleted for the experimental conveyor- 
system Alpha-Beta-Gama Lermdry M G n i t O r .  
have been ordered and fabrication was s taned ,  onsite, on the 25 printed circxit  
boar33 for the system. Oce e.xprfmental 12-inch-by-12-inch effective-area alpha 

Several rerlacernent parts 

J U ~  necessary commercial cangcnents 

1 2 F 2 5 1 C 1  



probe was assembled and tested. 

A t  the rewest  of the Biology Operation9 a new, sgeciaJ.ly-mac p, terpkenyl- 
in-palprinyLtcLune detector will be fabricated for use in Ca 5 qtake st-es 
in fish. 
nearly a year, w a s  BamgLnd by cleaning solvents 

The Pu2B Waund Horritor system, for detecting imbedded Pu239 in wounds using 
detection of the l7-m X-rw, w a s  m o d i f i e d  for personnel a t  the Medical Build- 
ing, 200 West Area. 
received t o  replace the old crnancrcial unlts-ori@naUy used. 
that easg detection of l ess  than seven millhlcrograns of pU2B can ke obtained. 
The system is ready for relnstallatian and use. 

The original detector, which performed w i t e  sat isfactcr i ly  fcr 

A new c a d h a t i o n  amplifier and pulse height analyzer w a s  
Tests M i c a t e  

rnbrication, in the 328 glectrcnics shop, was. accelerated on the spec id  sensitive 
sclxt i l la t ion Bcta-Gamm Portable Field Monitor designed for the Bizlogy Operaticn. 
The transistorized instrument employs a single channel pulse height anaJ.yzer9 a 
low-pawer scaler system, a multi-range count r a t e  meter, an amplifier, a high 
voltage supply, and a rechargeable Sattery. 

Calibration of micro-disglacemcnt readout systems, t o  be u e d  by Physical Metall- 
urgy for  in-reactor creep measurements, has continued wing Hay. 
calibration runs on the schaevitz DRS-100 were caupleted this month and the data 
forwarded t o  the BcpeEimtntal S ta t i s t ics  Operation t o  be analyzed. During the 
final calibration run, the transducer being evaluated developed an extremely high 
secaadarg w i n d i n g  resistance result ing in er ra t ic  system performance, 
traasducer was replaced by the space, it w a s  also found inoperable dGe t o  a 
mechanical. failure of an Internal lead conoection. 
were scpplied with the DRS-100, the system is naw totally inoperable. 
effort t o  improve the aver-all precision of the reference system, -or modifica- 
tions have been made, and a re-calibraticn performed t o  aetermine the degree of 
lmprmement. 
range is of the order of f O.OOOOO5 inch (this is w i t b i n  the precision cf the 
standard med), and the precision of the 0.30-inch scale is 0.00015 inch c r  
better.  The reference system has now been converted f o r  the calibration of 
a Physical, Science three-range nectrcazricrmeter system. 
3ystem is expected t o  begin during June!. 

The final 

When this 

Since only two transdrzcers 
In 8n 

A p r e l h i n w y  analysis indicates the precision of the 0.004-lnch 

Calibraticn cf this  

Develupment I s  near- campletion on the Panellit-Heise gage readout de--ice f c r  
105-DR. OriginaUy the device was t o  consist of one --held gage readait bax 
In back far the Helse gage, and me in the front of the panel for the Panellit 
readings. 
typewriter, Requirements have been changed and the present device will consist  
of three hand-held gage readout baxes in the front of the panel, one f o r  ea& 
panel" The Heise gage Info-tion w i l l ,  as before:, be transmitted t c  the front 
of the panel by telephone. 
canputation feature by subtracting the Panellit reading frcm the Heise read-. 
Disadvantages of this system Include a long, hard-to-handle adding machioe tape 
readout. The device w l l l  probably nct gave any time in the actual gaqc resdmt 
procedure, ?xt it w i l l  save time between the control rocm and the 7090 data 
processor. It should eliminate the card punchinq procedure et the 7090 and the 
maxual typing in the control roan. A breadboard mcdel of the entire lnstmment 
is nearly c a p l e t e  and I s  operating sat isfactor i ly  w i t h  ane gqe - reada t  kox, 
A l l  -.)or components have been received except f c r  the addis  machlce- 

Information was t o  be punched on a tape and typed by an electr ic  

An addhg machine-tape pnch  w i l l  provide a base 

Fa5ritaticn 

' . 3 
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0,9 the f fnisked inst r a e n t  wsil st& in t h e  C&ar 

m e  Hazards W y s i s  f o r  the EGCR ( E % ~ e r i m e ~ t a l  ;as-Czoiei Reactcr;) W&E ~ m p , l e t d .  
The analysis cornistea cf a study of a loss of coclant accident. 
ccolant is 195t d e r  operating ccm5ltioas, and a i r  admitteci t c 7  the cccltxa% 
emmius aro?;ad the k e l  element, the scrface af  the graphite v i l l  bxn. 
of th i s  system has been bui l t  uing C a G d  e lectr ic  heaters fo shnilate the heat 
produced by the operating reactor. 
operating parameters of the C a l r c d  heaters. 

If fi;e gas 

A mschF 

This st.xjy vas designed t o  determice the 

Physical Testing 

A t o t a l  of 15,131 test.s were made; abmt hS1f c? these were cccasioned by the 
start of cordit iodzg of NPR pressure tl;5es where many M i v i d W  re-penetrant 
t e s t s  and local ultrasonic w a l l  thickness measuements must 5e made. me  gumSer 
of pieces handled t h i s  month tcfiaied 4,990 itemso The length of material repre- 
sented by these items emouted to 13gS897 feet;  the greater psrCw, abmt 224 
mile3, w a s  lQpR pressure tub-. Test work included: autoclaving; boresc$ing; 
d imens ioa  measvrementa (micranetric >; eddy cmrextt; leak detection; magzetic 
particle; penetrant (coatrast and fluorescent O,D, and I.D. >; radiopa-& c,aLto- 
radfagraphy, gauuna-ray, and X-ray); s t ress  m y s i s ;  s u f a c e  treatmeat ( a i o e  
cleaniq,  pickling f o r  autoclaving and conditioniag, steam detergent cleaning, 
cltrasonic cleanirg, and vapor degreasing); anii ultrasonic (flaw detectisn and 
thickness measurements) a Wcrk w a s  done fc r  23 organizational cmponents repre- 
senting mcst of the operating departments and se-rvice zrganizations at  HAPO. 
Advice was given on 40 Bifferent cccasicw CIL general testing theory and apFli- 
cations 

HI& production rates are being achieved in the tes t ing and treatment cf NFR 
pressure tubes. 
porary technologists have been added. As a r e m i t  of the increased acti-?ityo 
there have been an increasing d e r  =rf riechanical failures but the wcrk is 
proceeding rcutillely, 
ccnditioning cf the O.D. and the I.D. sf the pressure txbes. n i s  work i s  now 
i n  fkU. progress and many of the developnent crder k b e s  are being reclaimed. 
A l l  Gf t n i s  work involves the removal of metal wnere there is  evidcx'e cf a 
s a f a c e  discontfxxuity giving r i s e  t o  a flwrescen3 Fesretrant or  lritrasonic 
indication. E e  work is affording an excellent q p r t u n i t y  t o  substazltiate 
fluorescent penetrant and ultrascnic indicatxns.  
indicaticns are 3eing racved  within between three and five mils of the suzfsce, 
There have been x e  or  two surface discontimities T h a t  b y e  been 0Fene.l ~y into 
defects of zGnsfderable depth; cn-the order sf 20 to 30 mils., Exam9nafui;n of 3he 
d t r a s m i c  traces of these tubes ?las not indicatea a zoxzditi,m cf a sericxs e- 
tude. 
investigated. One cf the methds that w i l l  ?E 1Eed for mcre cmplere Ccamina- 
t ion  w i l l  be t o  f i m i  ~ptimum testinq argJ.es wherever f n d i z a t i a s  are re?e-,t.e9. 
Pickling and a-atcclaving of the tubes is prxeeding rcxitinely and gccd r e x l t s  
m e  being chained i n  achieving unifcrm aLtoclave f i b .  

Work is being schedi;led on a six-day week and additional tem- 

Tooling up has been cmpleted by Kaiser Engineers fo r  

The great majority sf the 

The reason f c r  fa i lure  of the - l t rasonic  t e s t  in these instances I s  hi% 

The flucrescent peretrant exanmation of ;zozzles 4cr fhe reactcr nr-zzle m c d i f i -  
cation progrsm f o r  ?raper fuel elements is  Frcceeal;=q rDLtinely. F c ~ ~ c w - c ~  
work 0x1 the 1706 KER LOOP pipe failures has 5een established cn a syacematic 
basis and rmtine.pericd checks are now being made. 
i n  reccmmer-lr!g ridiographic ssceptanse spc i f fcs t ions  for s t x c t - , r a l  welds on the 

Spezial assistance was given 

q r n  1 2 f L h l  qk- 



west elevator for  the 105 IV Building. 
on the basis of the recammended specification. 
pane lines In the 1706 KE Bulldlng utilizing the pcrtable leak test,* e@p- 
me&. 
were examined radiographically for internal discontFnuities. 
supporthg atnrctures aze be- examined. The impellers are abmt two feet  in 
diemeter md because o f  t he i r  intr icate  shape represent a ochaUenging problem. 
A number of  other ugumml jobs were encountered including exanbation of steam 
lina hangers, e lec t r ic  cables, and crane accessories including hooks, shackles 
and bolts. 

Field radiographs were made and evaluated 
A leak s w e y  w a s  M e  sf pro- 

A d e r  of pump i m p l l e r s  for the 190 Buildings in the reactor areas 
The blades and 

'phe z i rca loy  fuel element sheath tube iaventory has been caupletely wcrked off 
and Wor effort is being demoted t o  various deve lwen t  prop8ms. 
ultrasonic test inatmmeatatian t o  provide for individual pulse neasuement 
and recording is due t o  arrlve in mid-,Ny. 
cent penetrant t e s t  w a s  initiated ln conjunction w i t h  Structural Materials and 
w i l l  f a l l o w  a formalized s t a t i s t i c a l  plan. 

The special 

A statistical study of the fluores- 

Conaidarable proghss hae been made in tw waluation of the eddy c u r e s t  t e s t  
for application t o  sheath tuBes. The ZiFcaloy tubing samples which have electro- 
machimd notches have aU. been cclppleted. 
length, width, a d  depth. current tes t s ,  using the Metral Radac U n i t ,  indi- 
cated that sensi t ivi ty  I s  adequate for detecting notches w h i c h  are about 0.375 
i n c h  long, 0.004 inch wide, and 0.010 inch.deep. These detectable nctches are 
located both in the O.D. and I.D. of the tubes. They 8se oriented parallel, per- 
pendicular, and a t  45 degrees t o  the tube axis, and the notch lengths follow the 
contwr  of-the tube w a l l .  W a l l  and hole defects were &so tested. Ten 
percent O.D. and I.D. wall Waning is easily detectable with the R-. A hole 
about 0.010 inch ia diameter extending through the w a U ,  and pelpendic-~I.ar t o  
It, i s  detectable. The Radac is capable of reliably detecting defects smaJ,l.er 
than those mentioned above, depedlzq on their orientation and locaticn. Also, 
the R a d a c  can be adjusted with higher sensi t ivi ty  for detect- specific types 
of defects. 
etc.  The intentions are t o  use these s e t t w  for initial tests on prcducticn 
mias- 

The notches have been m e w e d  for 

All the abme defects were detected a t  one sett ing of gain, balance, 

repo&ed they m ~ l y  have an eddy current t e s t  which haa a chance of 
detecting cracke in  reactor Wker fittings. 
the t e s t e r  op sirmilated'cracks and have proposed that we do -her developent 
work t o  determine the feas ib i l i ty  for detecting actual cracks. 
t he i r  e q u l m t  is being investigated. 

However, they have not demonstrated 

Procrirement of 

In view of the favorable resul ts  previously obtained by ultrasonic t e s t s  on 
Parker fittings, IPD has reqpested the work be continued. 
a t  ultrasonic frequencies l e s s  than 25 megacycles has been done using a m e r  
of transducer.types, So fa r . the  fabricated defects cannot be detected a t  these 
lwer frequencies. The only adaptable and readily available 25 megacycle eqpip- 
ment is the miss-Wright Immerscope. Since all of the on-site Lmmerscopes are 
in use, steps have been made t o  lease a unit, and lacking this, developmeat work 
WU be ini t ia ted fo r  on-site construction of a special purpose instn;ment* 

Sane imrestigstion 

Cracks axe occurring in the inside of KER piping. 
be catised 5y st ress  corrosion and/or high mechanical stresses. 
qpested a t e s t  be develuped w h i c h  w i l l  detect the presence of these internal 

These cracks are believed t o  
IXI has re- 
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cracks as early as possibleo 
electrc-machining three notches. The notches are abmt 3 inch long, abmt me- 
third of the way through the pipe w&, and criented traversely longit-cdincrly, 
and a t  45 degrees t o  the pipe axis. Attempts t o  detect these nctches w i t h  eddy 
currents were unsuccessf'ul. 
using pancake type probes were used. 

apparently defect-free areas of the pipe. 
before adequate sensit ivity f o r  detecting cracks can be obtained. 
of these signals is possible but very d i f f icu l t .  
these cracks atrasonic-y w i l l  be examined. 

A good section of this pipe w a s  defected by 

Eddy c m e n t  freqpencies from 3 KC t o  about 20 
Many strong eddy current signals were f a d  

These signals must be surpassed 
Suppression 

The f eas ibu i ty  of detecting 

Nested tubular fuel elements are being considered as PRTR candidates. These 
elements are self-supported. with fu l l  length ribs. 
welded t o  the f i e 1  element w a l l s -  Ceramic Eels 
has requested the development of a nondestructive tes t  which w i l l  detect -mbonds 
in the welds. Since many types of unbonds are detectable with a t r a son ic  tech- 
niques, these were given first consideraticn fo r  r i b  bonding tes t ing,  
w a s  prepared with variable anouts of bonded r ib .  One standard had abuut inch 
of r ib  to t a l ly  unbonded. Partially bonded r ibs  were also prepared, 
all about 9 inch long and ranged fram about 20$ t o  6 9  unbond. 
ultrasonic energy w a s  coupled into the r ib  normal t o  the tube a i s .  
from the r ib  surface and the inside surface of the w a l l  were clearly visible. 
A decrease in signal f r o n t h e  inside w a l l  should then be an indication of unbond. 
AL1 the prepared unbonds discussed above were detectable. 
fbl in i t ia l  tes t ing results above, three full length tubes with resistance welded 
r ib s  w i l l  be tested for unbend, 

The ribs are resistance 
Good weld bonds are desirable. 

A standard 

These were 

Reflections 
Ten meqacycles 

In view of the sliccess- 

optics 

Fabrication of the first develgmental model traversing mechanism has been cmp- 
leted. This unit w i l l  be used t o  determine the cootour of channels in the NPR. 
Two wooden t e s t  channels have been received from the carpenters. One hassnocth, 
continuous bends with the maximum radius of curvature that can be expected in  a 
workable reactor, The other has step discontinuities. The traversing mechanism 
has been attached t o  a standard borescope. Test runs have shown that the mech- 
anical action of the uni t  is very good. Readings are repeatable t o  vithin 0,005 
inch per efght inches of length. 
possible. 
angular displacement. A second arrangement is insensitive t o  m a r  displacements 
but is sensitive t 3  step discont&nuities> 

- 

Several alternate optical arrangements are 
One arrangement is insensitive t o  step discontinuities but measues 

Contrary t o  w h a t  w a 8  stated in the last of three memos written cn the traversing 
mechanism, no optic.@ arrangement appears feasible for  simultaneously readiw mt 
both angular displacements and step discontinuities. This means that where there 
are l ikely t o  be both types of displacements, two measurement runs w i l l  be re- 
quired per channel. In process tubes, where no discontinuities are expected, one 
run w i l l  be sufficfent 

A work order has been received t o  cover the fabrication of a developnental mcdel 
Process 'lhbe Traversing Mechanism f o r  use i n  older reactors, shop testingJ assis- 
tance i n  f ie ld  testing, and further investigation of autmktic readout methodso 
The fabrication of this uni t  has just  begun. 

A t o t a l  of k80 manhoursl shop work was performed during the four-week period 
0 
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1. 
2. 

3.  
4. 

5 -  
6 .  
7. 
8. 
9. 
10. 
11. 
12. 

30 t o  May 28) included in this report. The work included: 

Fabrication of the first developmental model NPR traversing mechanism.  
Coating of 29 lamps with st-ess s t ee l  for use in inspecting 
&bee a t  White Bluffs. 
Lagping of s i x  pump seals. 
Epaporatlon of beryllium in the preparation of targets for the Van de 
G r a e i f  accelerator. 
Egbrieation of two quartz heater cores. 
Repair of one microecope. 
Repair of two canera sbtters. 
~ p c s a t i o n  oi gold in th preparation of e&ht si l icon diodes. 
Zkbricatlon of five fi l ter  units for black ligtrt inspection w i t h  a 
burcecupe . 
Preparation of thermolumlmscerrt material.. 
Fabrication of four m e r  f i l t e r s .  
Fabrication of a lens m o u t  a d  adapters 

process 

Analog ccmprt er Facil i ty opcr ation 

The major analog ccmputer problem conaidered durinS Me;y Include: 

The c w t e r  operation w a s  as follows: 

GEDA 146 hours up BASE 146 hours up 
21 hours scheduled downtime 21 hours scheduled downtime 
1 hour unscheduled downtime 
ohaursidle 0 hours idle  

mhaurs total hours t o t a l  

1 haur unscheduled downtime 

Instrument Epaluatlan 

Recycling t e s t s  continued 09 a rechargeable Mi-Cd battery (12 VDC at 250 ma-hr 
capacity). 
several t o  cauplete discharge. 

S i x t e e n  recycle charge-discharge t e s t s  have been cunpleted including 
No damage has been noted t o  date. 

Evaluation tes te  continued on two prototype portable trazlslstorized Scinti l lat ion 
Dose Rate Meters. 

Extensive evaluation testing was done, simultaneously with circuitry development 
improvements, on the two transistorized Log-Linear Scinti l lat ion Area Monitors. 
Linear range reading accuracies are within f 5s for a l l  ranges (decaded) from 
0-5 mr/hr t o  0-5 r/hr on one unit and fran 0-10 m/hr t o  0-10 r(hr on the second 
unit. 
cally require such ranges. 
20 mr/hr t o  Aril scale of 5 r/hr and 10 r/hr respectively. 
Log scale belm about 20 mr/hr are positive on the safe side. The later end of 
the Log scale is purposely canpressed in a positive reading direction t o  permit 
obtaining meter readings dam t o  the 1 mr/hr t o  3 mr/hr levels while retaining 

The two units have different ranges, since HAP0 applications would typi- 
Log scale accuracies are about k 2% from abave 

Au. errors on the 
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the high end limits of 5 r/hr and 10 r/hr respectively f o r  the two prototype 
units. 
reading error on any range, either log  o r  linear. Initial temperature t e s t s  
were camnenced and readings errors were less than f 5$ fran 75°F t o  139F f o r  
the ccmplete unit including probe. 

Line voltage variations from 105 VAC t o  130 VAC produced less  than f 5$ 

_ -  

Corrective measures were taken on the twelve portable Sentinel Alarming Monitors 
for use on the reactor elevators. 
mr/hr snd 0-2000 mr/hr. 
in-polyvinyltoluene detectors solved the problem. 
alarm device t o  cuver any point on both ranges. 

The two ranges finally agreed t o  were 0-200 
The use of RCA 6655-A phototubes and 2- x 2-inch terphenyl- 

The units have an adjustable 

All acceptance tests were cunpleted on seventy-five 50-r, seventy-five 10-r, 
and one hundred 200-mr pencv dosimeters. Five 5O-r, seventeen 10-r, and twenty- 
eight 200-mr dosimeters were rejected due t o  excess leakage and/or errat ic  fiber 
movenent. 

PF Gaat:RSP:mcs 
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New Productio-, Reactor Effluents 

Tk,e two decoctamination procedures planned for use i n  lVPR are a three-step process 
which w i l l  produce about 70,000 gallons of total mixe& waste and rime water, and a 
ore-pass phosphoric acia cleaner for carbon s t ee l  portions of the loop wti-,S w i l l  
produce about 1,000,000 gallons of waste solution md rinse kater. 
t.he tbee-s tep pocess  is effectively scaverged Sy the manganese dioxide precis i ta te  
fo-rmed when %he three solutions are mixed. Laboratory research was perfomed t o  
determine fhe effect of mixing the wastes result ing from the two decontamiraticn 
procedures. Mixed solutions were exemined representing one process volupce of 
three-etep waste w i t h  cne process volume of phosphcric acid w a s t e  and four process 
v o l w s  of thrse-step waste w i t h  cna process volume of phosphoric acid waste, i.e., 
respesti-re waste volume rat ios  of 7 t o  100 and 28 to  100. 

- -  

The vasts frcm 

Umeutralized phosphoric acid w a s t e  dissolved the precipitate formed in the three- 
step decontamination wastes when appropriate volunes cf the two wastes were =LxeCo 
When the acid mixtures were neutralized with caustic, 50 percent of the radicccbalL, 
was remaved. More iqor tan t ly ,  k 0 2  precipitated again and scavenged mre than 39 
percert of the raCiocerium, 95 percent of +%e radiostrontium, and 90 percent of 
+he radiozkc f-mm %he dxture.  
for 30th waste volune ra t ios  examiced. 

The scavecging achieved was essen+YiGy the 8- 

Reactor Efflueot Treatmen3 

Calm -4eriments continued with nilnerds of promise (as shown by batch experiment.s, 
EW-69225) fo r  large scale decontamination of reactor effluent w i t h  respect ‘,c 
hportans radicfsotopee. On tLe basis of P-32 adsorption, the order of e f fec t ix -  
aees of the best el&$ miserals fcucd is: 

sodalite =D epidote - fiuori+,e = goetkite- 
pyrrhotite =- albite = dcroc l ine -  apatite 

Fzon! 60. t o  33 percecf of the P-32 i n  =he infiues% solution w a s  removed ir the I c i c ~ r L  
zolumns, with a c o l w  residence tine of about 2.9 minutes. 
cf P-32 rszrslced constant for operation periods as extellsive as two weeks irrd 
Gassags of reariy 3000 3ed VOiUmeS of effluent. This ncnth, beds of sodalits, 
epidote, 9 ~ d  aibiLe adsorczd 50, $7 arid 34 percert, respxtlvely,  of %e P-32 iz 
1000 Led volun;es of icflueat;  on the ot;her hacd, adsorptioc ‘Dy beds of aLlortti%, 
l abador i te ,  a t d  gypsum w a s  poor. 

The fracflcnsl rexcval 
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Reparat.Lcc ~f @IV> Nifrate 

Farther s-es of the photoactiva%d red=+,ion of U(vIL) to U ( V )  in n i t r i c  a d d  
sol\;licn kave been mads. In these, hydrazice has bee= used as tbe redue$act 
ratbor than fonnaide4rde. 
successful t e s t  of -=azine 88 holding reCuc'at iC +&e Purex plaot. 
previous test, O(IV> yield MB lese Vith hydrazine tharr Vith fonnaldchyde as 
rrdtictanf. 
more stable +*baE formaldehyde to  reaction w i t h  n i t r i c  acid. 
teqmraturea have been used. 
U ( I V )  yields wlth m i n e  may approach those obtained with fomaldehyde. 

Evaluation of Pl;rtr Water 

Interes': la the u e  of m i n e  w a s  prompted '-7 tk2 
IC a 

T b  p m n t  studiaa have sought tc exploit '%e fact that hydrazice is 
Higher acidifies act 

The results indicate that, under optinmu coc&itlcrs, 

Addlticcal runs in the C column f a c i l i t y  are In progress $0 conpare column perfcm- 
am8 vhen thc lCX water SOUI'C~ I s  clzanged f r o m  321 Building condcm4ate water +& 
-ex demineralized water. Obeelevatioos et this t b e  indicate that the presesf 
( 5 / " 4 6 1 )  Purex demineraLized water is  of a higher quality than any teated t o  date. 
Tcc c w e n t  batnh of  vater appears t o  be of as good quality as the 3U sfearn COC- 
decsete vater. 

Recovery of PIu*aniurn in 2 P l a t  W a s t e  

Molar sodium carbonate, u8cd to elute plutonium adsorbed by Florlda pebble phosphate 
beds, picked up 0.006 M phosphate which dropped to 0.003 M after passage of ZOL- 
bed voluaes. 
plutoniunr recovery by tss Recuplex p c e s s .  
adaorpticr: of plutcnium from 234-5 sump waste vae reported in FebFuerj. 

The phos-wte content of t&e solution is noz great enough t o  hiodzr 
!Ee effectireress of such e e r a l  

A p p m g  pebble phosphate recovery of plutonium to a simulated waste s o h t i o n  
zon&&kg a high plutonium concentration (40 m g / l i t e r )  a t  pH 1 resulted LL plu5orium 
precipitation in the colunm. 
be- visible ir: effluent samples. 

Pert of the precipitate was wasked from the EO~UPIC, 

Befch Calsination 

The simulated waste used in one run contained a&ded bcrax and phosphorf; e~1.l. 
The amounts of the additives were equivalent t o  the me+abrate form of sodius, aci 
oArthc Fhosphate f o m s  of Iron, alunkun, cLv~3un: an8 nizkel. 

Obsemations pertinect t o  the experimcn', lz~lu2.e:  

2- Tbe l o w  toad no5 be c a t r o l l e d  ty eitker a sil icon a t i f o a m  age=: cr 
)b.r air. a p r g i c g ,  
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3.  White crys',als, identified as b x i e  acid, deposited cn surfaces a3c-re 5ke 
pos 0 

5 .  

6. 

lzle s o l i i i f i s d  . ~ a l z - z a  vas c r y s t c i n e .  

Ex 3Ok-L s+airLess s t ee l  p t  was severely scrroded. 
the i /h-in& thick w a l l  w a s  corrc&ed away. 

k places 60 perner-: of 

7.   he a,dz:rze is mch less soluble is water than a sdfa%-%se cak ice .  

A solution similar t o  that described above k u t  without the borax also produced a 
melta3le Zaicfne. 
si l icoae anti-foams. 

!ke foaming duricg tLe bc l l  kwn step could 3e controlled 5y 
Severe pot corrosion vas ncted. 

Negligibie pot ccrrosion was noted when Seth borax and phosphoric acid were oml+,ted 
from the waste solution. 

To study foamlag, the same simulated w a s t e  solution was used in three different pots 
ci varying geometry. 
15-inch high m u l a r  pot. 
k-inch X.D. by 24-inch high annU1a.r pot or i n  a 4-inch diameter by 24-inch hi@ 
zylindrical pot. 
pot. It I s  postulated that %he k q l n g  produced enough mecbnical agi ta t ior  t o  
overeoae foaming. 

Severe foamicg was observed In  a 6-inch O.D., 3-icch I .D. b.j 
Foaming w a s  not a problem, however, in an 8-iczb O o D O 9  

Bumping and epatteriw were trou3lesome In  %he 4-icch by 24-insh 

Flarre Caisicatfoc 

The processing of simulated Rrrex high-level waste in Malllnckrodt's flame deritra- 
t i on  pf io t  plant w a s  observed over a two week period. 
program was to observe points of compariscn Setween spray calcfiat.icn u t i l i z i c g  a~ 
fn5ers2. f'hnie aLd Chat utilizing a hot radiating w a l l .  
expeefed to aid i n  the design of a spray calelrer  p i lo t  plact  by Ckedca i  Engiceering 
Develop&+, Operaticr;. 

The object of the brief 

The zoaparati-ie 5ata are  

The reactor, wkiz4: I s  described in W - l k 5 l ,  is a tube ten inches i n  dianiezer acd 
six feet long iat.c which the feed is sprayed aloLg with a ccecectrie flame of a i r -  
propaoe. Al5hough one successful run was ccqleted,  indicating the potential 
appl icabi l i ty  of a flame reactor, there were considerable d i f f icu l t ies  in adaptqxlg 
the process 50 the caklnat ion of simulated waste. Many of zhese are  attrLtutablc 
t o  t h ? ~  presence of a sleeve within tCe reactor which improve& t ke  operabi l iq  cf 
the equlpzert Tor UESII denitration, b=t w a s  the apparent source of considera53.e 
operafi?;q d i f f icu l t ies  with w a s t e  calcination. 
remxed 

Suzzessful operation was achieved a t  a flow ra t e  of' 5 gph witk BL: excess cf propace 
(reducing ~ ~ i i i t 1 0 1 ~  ) which appeared rretessary tc improve the physical p r o p r t i s s  
of the powder. 
feed C O I Q G S ~ % ~ C = .  and reactor desigz. 

E is  sLoeve could no', 'be corsenfeL5jr 

This proved t o  be very cearly t t e  maximum rate wi5h the  part ixLar  

Advsctages ci heatkg  3y ac irterxlal flane may include: (1) Less pro'clen; fron: 
corrosion because of the possibi l i ty  of usiEg ceramic materials wi%hic the reae%or, 

r4, 
#-- 
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( 2 )  a -re 9ingi.e socr~t cf heat, pmtic?L!.&*i.y for p i l o t  piant studies, I \  , 3 ,  pospi>l;r 
soxewkat K q b r  cazacify w i t h l a  a gi?oI? reactor size. 
i1.1 Ccasi&,rably higher off-gas vo2l;c even if pure oxygec is used Fs place of a i r ,  
(2j a relat iveiy nar=ow zoce of cocc+,ions for  satLsiactory opera*ion becacse of 
+&e l h i t e d  teqera ture  range Setween tkat required for a s t a 5 h  flame acd tka; a t  
wUch the w a s t e  sol i& ell mlt, and (3) the l i f f i cu l ty  of hatrunterticg such a 
reacmr to  indica+& off -6 tsndard operaticn. 

Sp-ray Concentrator Test 

A test was made using the mdiiied spray calciner as a waste concentrator (see 
Marck rcprt, Hw-69062 C ) .  Tke column is mn a t  rather low temperature aad 4:r 
ut i l iz iag  the channel recycle principle, the spray is partially dried by tke 
recycled hea+ad gas. The advantage of the systezc is that high coccentraficn can >e 
obtaksd +-+&out fouling heat transfer surfaces since fhe l iquid is scsFen",oC in 
the gas a8 it dries. 

E e  Sisadvamagzs nay xzlcde*  

AltaCcgh the flowrates and temperatures appear +,o 'be Wte c r i t i ca l ,  the mn ackieved 
some measur% of success. 
inch d i e t e r  l n s e r t  which left  a 1-inch annulus for gas recycle. 
the insert hela a 6-incb high pad of S/S/ "York mesh" for  a demister whizh Zoalesces 
the spray i n t o  a liquid allowing it to drip into a collection vessel. E e  oii-gases 
pass tLwugh fil+&ra to  a cocdenser. 
opera+,bg +~mperatures ranged from 135 t o  260 C . The stem rate to the atomizing 
cozzle was 11.3 13. per hr. a t  62. psig. Several concentrate samples . q m t s l l i z e d  
a p o ~  200ling and volunr re&uctioa factors as great as twc were obtaiced a t  aodest 
wall tenperatEes (1.80 - 260 C ) .  
2han 0.1 percent. 
F-. 
but awe was G n  the +bp cover and +,he f i l ters  seemd quitq clean. 
%at pmpz design of the recycle channel could reduce -&e nozzle tuzwance  such 
that b i L d - 1 q  of solids on the inser t  would nc t  >e ob.jcctionabls c?uririg ezecded 
q e r a t i n g  = r i c h .  

C h a m e l  recycle was obtained 5y us- a 14-foct long, 5- 
The botl,om of  

The feed rate was o w  gallon per hour acd 

EntrairmeEt losses to the cocdensate were less 
Fouling of the unl5 was very s.light &ring t h  1.75 tours of 

15 i3 Ilkei.ir 
So= &Lad feed adhered t o  the inside of %e inser t  (tke tcp i%w ic:kes j ,  

Stro=zim Reccvery Roqram 

Hot 8emiworks Operation - Exceptiocally goo6 stroctiure recoveries and fissicc Frckwt 
3econssmiratioa V e r e  obtaized on the f irst  PU-leve l  "lfcz" ra 65 %he Sc: Sen'.-.rrk3. 
Akcti5 162 kZGcuries of Sr-90 were fed tc the process a=B apgrcxisately l5C kilc- 
cur-ies of p c z i e d  prc2wf were isclated fo r  eventual l o a d - o ~ t ,  
kiiozuriee of 5:-30 (tailings fron elution of +de icz exzhacge c o l u )  vero s x r s d  
fo r  recycle t o  the zext r u e  

I= adclTicz, 2" 

PTelimkaq resul:s are s r i z e a  i n  :>e fsllowirq 
A"--- a. 
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RLX SR-4 

Quantities, Kilczuries 

Waste {a) 

Solvent Icn Solvent Ioc 

7.2 s o D  03 2700 111 
zr-Nb-95 470 =o.og 

Product 

- Feed Extraction Exchange Extracticn E x c k g ~  
5 1 3  s 3 . 5  Sr-90 182 181 143 to  154(b) 

Ce-14 2000 
*0.004 440 Z0.6 

10 -0.27 -0.01 4 3 0  SOo05 
Ru-Rh-106 

Weights, G r a m s  

260 99 C a  2400 
Ba 500 to  1000 e120 

- - 
18 

2280 2260 1790 to  1920 - - 
- - 

. Decontamination Factors 

(a) Averages based on run analyses and cornposited wastes. m e  nurrters 

( b )  Range of variation observed betweec analyses done by two laboratcries, 
( c )  

are probably biased high. 

Sr isotopic (atom 5 )  composition: Sr-90 = 56.3 sr-87 = 0.5 
sr-89 = 0.659 sr-86 = o d 7  
Sr-88 = 42.5 sr-84 = O.O& 

The decontamiratioo performance exceeded the required product speciiizazicns by a t  
leas? two-fcld for both radiochemical a d  iner t  ( C a  plus B a )  impurities. 

!he flowsheet approxizated the conditicns of study flowsheet No, 2 i:.e., a soirerr 
exfraction cycle using 0.LO M D2EHPA followed 5y a cation exehaoge 3;1:1e) w i t h  thesz 
sigcificarit exceptions: - 

1. About LO percent of the solvent extraction produet was tackcycled t c  the 

2. Ci t r ic  acid (1 M) a t  a g H  of 2.7 t o  3.0 w a s  used as  the ion exchange s :r~ ) .~  

3. IVaNO3 (&  M) w a s  used as the prfrrary e lu t r ian t ,  This elutioo w a s  s t o ~ ~ e d  as  
soon as t-ge beta monitor on the effluent s t reaz icdicated 80 Fereett of 
the s t ron t im had been eluted. The remainicg strontium was eluted w i t h  
0.1M EDTA a t  a pH of 8,0,  

feed &at  a volume percent i n  tfie feed cf L per- cent o r  less). 

- 

- 

-- 



Other 5akh costaci, st;;3ies were =&e t o  ciefemke tle effect of r%yrd:ag solvest 
extractica pzoducf solutiot  t o  tsc feed streaa (spisnfrq +de cycle *a cb ta i c  
additional cors%ntratlcn of s+mntium). 
solutloc c81: be added t o  the feed solutica a t  v01-m ra t ios  a8 high as OGC pa-+, 
product to  e i&t  pxts i s e C  %Itkcut aCvcrsely a f f e c t k g  exfracticrz solturr! opera5icxl. 

m S C  s t c e e s  shcwed that %he prndu2t 

In aaslstacct +% the Eot Semiworks, samples of two 3a*&hes of Hot Sermworks scLv%n$ 
were tested pricr  t o  +hi= start-up st fu;l level. A s i d e  imln belrq Lcw in C-A, 
the samples were satisfactory f o r  use. 

Ioc -change S W e s  - Batch 2ontac+ smiies =re s=a& in an ef for t  +& f l n i x r e  
effective reeqerts for was- cerlwn from the Bsw lot-exchange c o l u n  fcl lcvirg 
loading the coiumn v i t h  soprent extrac5icn product, soluticn. Eese  a%&ts show 
~ c l r a t  aitker 0.1 M HEDTA or 0.2 M sodlun: acetate - 0.01 M E m ,  if used a? ~ r '  L o r  
bigher, stouX b: sGgerior to 170 M cit.r:',c acid at pH 3-as a wash soicf'cr. 
reagents do not complex s+lsontium zt the higher pH's as stror?qly as does ?lt:ate. 
Advantage can be taken of the low distri5ut:on of .xr",um at hi&ez ~ f i  v:skcu? 
ser icw lcss cf strcntiuin frcn the colunzi. 

TZese 
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St.rontim car)xaai,e presarcd 2j- precipitation vi% potassiurc Fll';hl'*zorza",z 
frcm neutral scdium ritra5:a solutior was sucsessPCy fi l2erad oc f k  UFO 
11 i r s e r t  withcut recourse fo f i l f e r  aido Ob-ersil rezove-ry as f i l t e r  ?ak+ 
averaged 99.5 percert. !The seC-limi5lng f low feature of  the cask fixirq 
operation was demonstrated. 

!Ee HAP0 11-1 f i i 2 e r  capeif7 was d e t e d c e d  So 5e 2COO f io0 g r w  of 
strcntium, representing 150,OOC curies of Sr-90 as produced af Hot Semiwcrks 
a t  75 zuries/gran: of W i r ; e  earths. 

Eoduet qual i ty  was evaluazed a t i l i z i cg  two diffsrent  wash Frccedures w z ~ h  
the foLlovirtg results: 

Unwashed product 
Water washed i n  cask 0.10 
Sat& washed out of Zask 0.013 

0.20 gram la/gram Sr 

t o s s e s  t o  wash liquors amounted to  5 grams. 

Produe+, removal w a s  readily accoqlished with 005 molar aifr ie  a z i C  i 3 r c -  
awed a t  the cake solvent i n l e t ,  
scfficienk t o  slurry the cake irto th? zatch tank where the rermxlsg a-.i.? 
completed the diseolution. 
smcoth and uneventm with *he zake feqerature at 80 t o  I00 C. 
higher temperatures were not eor&ucted. 

Approximately 50 l i ters of acid were 

m e  removal, accomplished under vacuum, was 
Tests at 

Satisfactory perfonoMce of a 2300 watt "Firerod" cartridge type hea5er was 
democstrated a t  850 C ?or 7.5 h o c s .  

325-A Strontium Purification - Run Noe 5 was completed on May 12, the HAPO-iA 
Decalso cask was f i l l e d  with the product of runs 4 and 5 on May 13 to 15, a d  ruc 
5 was begun cn YAY i 6  acd is scheduled for zomplstioc by the end of th? IccLth. 
Afurther run (No. 7 )  skould :omplete the 325-A s4;rontium codtmerrt ,  

OEP 

From rup 5 ,  13,300 curies of purified stroctiurn-90 were obtained ';by amocim 
ni t ra te  elution).  Purity w a s  even ke t te r  than in the precediog m s  wL?> t h  
product analyzing one percent Sarium, two percent; .?alcim, acd 97 gerzen': e t roz t ium.  
Fission produe5 contamination was belcw the garcma spestrczefer det,ev?ticc 1-hit and 
w e l l  below spezification. 
ycctairzs over one mlar sodium and c t e  mlar ritric acid, equivalent t c  a scd iu -  
plus-amcnkz to stron5ium mle r a t i o  of over 1000. 
mco-ralect iocs rsquired feed dlluticr. :y a factor of four to insure e+rcrtiu?L 
absorptior azd, even so, l i z i t ed  %e capaeffy of  the ion exchange equlFEc7. 
feed was scme of the f irst  strontium crude produced a t  *ex and s to red  ir: 002 t u o  
With feed of  the quality now being produced i~ -ex, camcity of the 325-A Icc, 
exchange equipizent w o u i C  3e higher by a faztor of a t  k a s t  two t o  four acd feed 
Ziiution would not  5e required. 

Feed for t k i s  run, a d  f o r  run 6 acZ proje-:ted rLu; 7, 

This Sigh cccneo-ra'fcr cf 

This 

The strontium cask was retuxzed t o  Hacford du-ing the moth acd relcaded, ni:hou+, 
incident, w i t h  the product of runs 4 and 5 ,  from diluted azmoniurc n i t ra te  solu3icas. 
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A p p r 0 U 4 ~ ~ L y  26,000 cr ies  of stroEtiux-90 ~ a 8  gassed +,fircugf: +,he cask, -3 25,CICc 
.xries loaded - for a loading lcss of o c l y  3.5 perZen*. 
not reached, 

of rate of pressure U & u p ,  p r io r  t o  off-sizs sMr?rpnt. 
of strontiuu-90 shipped off-site is 45,OGO cur i t s .  

Carrier k e s l p i t a t i o n  of StroutFuzE-Ceri'm Separatic-, - The ef fec t  of pH on deqrsc 
of sonqleteness of lead-carrier precipi ta t ion of stron5ium and of dou5le-euliate 

contamhaticn cf strontium with cerium. It was found fhat between pH 2.5 a ~ 3  3.3 
approximately 85 to 90 percent of the strontium is precipitated wtile over 80 per- 
zent of tce zerlun r d s  in solution. A t  laver pH's, $00 mfi ceriun precipita-de, 
and at  higher pH strontium losses are  excessive. 

3reskttL-ough was anar2r?ld-  
fhat -&e capaci-t;jr cf tke =ask l~ay be aa Ugh as 3C,003 ~ ' ~ - 5 s ~  

m e  acxnnlated w-,ltp 
cask was sert to +h &-ex >laat a f t e r  fCLzg,  f o r  observatioc a d  de temkat icc .  

preclpi+atior; of cerium waa studied in o r t e r  t o  t e t t e r  define '+4CnS f C ?  ! U k , a  

Strcrfium Classes - Tke sccut2ng st;;dy, reFortod i a s t  mnth, cc 5he fcmat ic=  CD 
high strontium glasses was continued. 
and hot water solubility studies were a. not unexpectedly, so lu5i l i ty  +,ezb6 
t o  ktrease with Increased strontium coztent ( for  glasses of sirpilar ccnrposl?icc) 
and t o  decrease vlth increased melting poict. The lowest w e i g h t  l03SeS were skew 
by forzula t lons  Nos. 6,  9 and 10 K',th 7aluee of a3oGt 0.4, 0.25 acd 0.025 per'sers, 
respectively (four bur imnrrsion in boiling water). 
was almost constant on suczessive exposurss, and mula be expc ted  t o  be about 8t 
order of ma&%& lower In cold water. 
weight percent s t ront iuu while No. 9 cortained LC percenf. Nm3er 10, which skcjwed 
the lowest so lubi l i ty  of all +de fo-rwrlations tested to date, was ncL, a trut glass, 
since it crystal l ized rapidly on cocling. 
la t ion,  No. 11, vas designed on %he basis of the composition of Corex glass ,  kit 
wi th  stronfium oxide replac- n,alziur, oxide. 
s5rontiun;, had a dersi5y of 3.63 (equivalest to 2.10 g/ml a',ront.ium), acd mltzd a t  
1200 C. 
value of 3.4 percent. 

SLYrontium Reccvery Reports - A r&er of unclassified r epons  have been rececyly 
v r f t t e c  sisrmarizirg d e t a i l s  of cvhg la'ioratory developmzct work dore oc ssrortim 
recoverj  and purif icat icn,  and rsla&&d su3jects. Referenze Is lcsde t o  tkess f c r  
the :cnveriecce of those V ~ G  xay ha-re de5aiiea in te res t  La this Icaterial: 

Several addlticnal fonculaticns werz p r e F s d ,  

The r a t e  of weight loss 

Fomulatiors NG. 6 and 10 coctaiced 50 

Acother ic3erest i rg  t ry s t a l l i ce  f o m -  

It cca+aked 58 weight percezt 

Irz:lusioo of 2.21 percent A1203 lowered its so lubi l i ty  +*ee-fold -4 a 
Further a l m i n a  additIOn3 Kill be +,ried. 

SW-69534 - Pissfon Product Strontium Recovery from Purex Cherilzal PxfesE*zq 
Plant U a s t e  Solutions, L.A. Bray ar;d H.H. Van Tuyl, May 15, 135; 

HW-63051 - Recovery of Fissicn Prcdw= Rars E u t k  Sulfates from W e x  l W W ,  
E.Z. Uheelwrigk5 ard W.H. S w i f t ,  A p r i l  27, 136i 
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O t h e r  Fissloa Products Program 

Bulk Fission Roducf Packaging - Several f i l t e ra3 le  f i s s i o r  product icterrce6iares 
have Seen calcined under nitrogerr atmosphere in  the2& h d a r c e  equipment t o  deter-  
&e their ~ p o l y s i s  Sehavicr. The resul ts  are: 

Cs;eioing 
Cc2cpound Temperature Produc+, 

Strortium percxide 350-450 C SrO 
Strontiun: hydroxide 450-550 C SrO 
Cero- O x a l a t e  350-h50 c (70% ~ e 0 2  

(3% ce203 

Loss of water cccurred w h i l e  hea thg  and the  fical reaction vas coq5et.e a t  5he 
higher l i s t e d  teziperature. 

Cask Closure Developmert - Two 1-in23 pip 

exhibited heiiup leak rates of l e s s  5- 5 x 10-8 cc/sec, and 5 x 10-6 cc/sec f o r  
conrirued temperatures and pressul-es up t o  520  C and 500 p s i .  
leak rates w a s  due t o  the different sersitPL5j of two e i f e r e m  +,es?irg nethods., 

OLe-eighth i rch f la t  Teflon gaskets vere sucaessfuily subszituted fo r  the met,al 
Coroseals i n  th?e Hanford connestor. 
cc/sec ar. 100 psig a t  room temperature. 
use ic zask loadlzg and unloading sta%ons as well as for  .2osures awing skipping. 

s i ze ,  minia+,ure Hanford ccmee5ers were 
fa-bri2ated ard zesttd, u t i l i z iog  Ccnoseal 8 stainless s t ee l  gaske2s. The o,ccL~??.@~s 

Tte differezxe in 

Hel ium leakage rates  were l e s s  thac 5 x 
The eoxector  shod2 thus be suitable for  

A 2-3/4 inch Teflcr coated stainless s t e e l  O-ring was instal led in  a screwed fi+.+irrg 
with a l igh t  torque of 170 l b , - f t .  
a t  LOC F for  2LO hcurso The leak ra te  was less fhac 4 x lO-g-gm/hr. 

After four 1-inch, Natorc@ seal  test f a f l u e s  a scccessfL seal is row w 2 e r  t e s ? ,  
The Natorq ses l s  fa i led  from galliLg between the seal acd the cap, caused 4y 
re lat ive rcczion betweer the seal i rg  surfaces. 

The O-ring held a steam yessure of 250 ps i  

Capacity of EiAFC-lA Decalso Cask for  Cerim-P=or.ethiu= SbiFIEnt - The strcnZxr2- 
Decalso cask is a scrverted zeriuo; f i l t e r  zask, and the s t i e l d k g  and heat trazsfer 
capability is acsordizgly sized fcr seriulr shipment. 
to  d e t e d r e  the capauity of %e Decalso Xsert fo r  posei",e rare earfk a h ~ r s t t .  
Loading exprizents  w i t h  a slcall lakcratcry Z o i m ,  usizg a sixxiatid h r e x  

I+- was therefore of izterest. 

DivisioL, Aeroquip Ccrpora2ion (Ccroseal) 8 Namn Pro&xts, ICC., Nortk h r i e a n  Aviation (Natorq) 



!bansunmic Recovery-Anterkiun ReaweFy - The recovery of slrcricium-2bl fron: t ke  
Redox pruzessing of hlnhiy &zed plutcriun fuels was 3r ie f ly  examined. 
were perfornmd t o  d e t e m e  wizetker &l;'cle-eulfa'& precipifatioo could 'Le carrlzd 
CUL, from rbe hi& AlW Rebx waste SoLutioz and whether m r i c i u m  would 5a.?.?f, as 
eqected, wi?k  the rare ear th .  
percent recwqj  cf cerium) was ob+Ar=ed 4y additior: of 81i equal volume of 2 M 
H a  Oh, t a r t a r i c  acid in excese tc the iron and chromiuro, adjustment t o  a pH TZ 
2 . c  and diges+,lor: at 60 C. nes t  coaditicns are probabiy no% optlnnrm, a ~ 9  s e c  
better americium r5corery is probaba possi3le OE ?he Sasis of fur+,her wcrk. 

Exger'zn?a 

EigL~y-fc~z percem reco=-f-ry cf auericlua i,azZ 3L 

Cesium Reeo~ery wi*h Tetraphenylboron - Work cn cesiurr recoverj was re8m-e 3;; 
un6eFtaking a rather extersire sul-vey of tl;e grecipitatloo of cesi?xn by sc.3i -2 
tetrapheqvlboron (Na@). 
c-yaclde carry ing a& m y  have application to recovery fro= al.kal.i;le tark suFenlatzs 
or  +A ces im packagirg. If was fouzd tkat exzeUent s%sium recovezy CCLX 5e 
obtairzed mer a wih range of tmnperatures 
is decreased somewha+, a t  high t=lrpera*es, 
s i g ~ S i c a r i t  affect ,  except for e Fossijle sligh5 decrease in cesiurc re.xveq- a t  pH 
1. &st ccmn;cn anioss (cxoride,  sulfatd, c c j o c a t e ,  @ospb+.e, or tartra-e) had 
vir%ualLy no sfiec+,, a t  least a t  ccncent,-ations up M cne molar. 
no effect a t  pH above LL (n3trous acid is gresumably forzed at. lcw pH) wtllz  sndfun: 
VAkrate :oncentrations to 5 M acd pH values of ll +A 13  diC no3 affect ces iu i  
grscipi+ation appreciatly, Gd phase separatior Zould be  zade e q u l l y  w e l l  5y 
either f i l t r a t i o n  or cer+,rifugation. 
I s  highly dele+,erioua. 

TES ss~dy extends an& sumements ea r l i e r  work cc ferrc- 

digestioc +,*e, evec %c@ rE;cvery 
The pH was varied frcn 1 Cc 11 wi?hcL.-, 

Sodium n i t r t t a  tad 

Only *on, evec when 2omplexed w i t 2  t a r t r a t e ,  

These exper'ants indicate that tetraphenylboron may ke BG acczp5ak;e reagert f o r  
precipitation of cesium f r o m  taEk fam sugemates, or fro= ceslut  cruih cuts, - x z  
not, fo r  ces2;m p-zecipi+Atio;cz fmm i W W .  



mz acelcg six2y cf the Qzarii:s of 5hs air  pulsed Re:uplzx H - l  .:01ux was :.oqL??e5 
acd the data mdyzed. 
q l i t u d e ,  air pressues of 12 aod 16  ps2.g wc.u ld  >e required w i t h  I-inch ari 3/1-~zch 
pulse legs, respct ively.  

The stuiLy irdizafed that  a t  50 cycles per rricc-t azi l . -kck 

C c l m  operatkg Aaracterist ics c k g e  as the air  pressure is increased a7 norstar'; 
frequerxiee: 

L o  Colurm liquid pressure versus ti= x r v e s  change from a triangular tc a 
square wwe e 

Displacement versus t b e  curves c b g e  fron: a sinusoidal to  a t.l-iangular waveo 2"  

3. Velocity versus time curve ckazges fro= a triangular t c  a square wave. 

4. Acceleration versus t i n z  6-8 changes from a square wave t o  a perioziz "kL,Qpot' 

Tke s o l u m  w i l l  have a natural frequeney of between 11 and 12  cycles per d x L e d  
The t h e  reqcired fo r  the l iquid +,c go from the botton, of the p u i s 2  l eg  t o  iese thac 
t w o  feet above the s t a t i c  l iquid leve l  (which is  maxinun wkec the exhaust 3 2 5  is 
opened) is  lass than tec seconds. 

Whet the cclumn is  operating a t  60 cpm arid 1-inch amplitude, and the 2 0 i . m  s F c i f i z  
gravity is  changed from 1.32 to  1.U, the change in  pulse amplitude is less tban 8 
p r c e n t  acd the sh i f t  of l iquid positiclr i n  $he pulse leg  is less than two :cches, 
indicating stable calm-pulser perfomanre. 

Pro2uc+,ion of Dichronia$e In Nitric Acid Solutions 

Corrosion in  intercycle and waste coceectrators could 5e redcce0 s iq r i f i cmt ly  
if the chromium, which enters these solu+,iccs through corrosioc of s ta i r less  s tee l ,  
could 3e mafctaicsd i n  the ternaler t  sta+,e. 
of the ootlditicns under which chmmium(I1I) 13 oxidized t o  ehromiu~;VI! in these 
solutiors were started. Results tG date show that t.he oxidatLor is t co  slcw to 55 
cf sigcificacce in boilioq one to  ei&% mlar n i t r i c  W i d  and of questicra5le sig- 
oifizacce ic 10 M - HK03" 
dioxide spargng 2s be-g evalua+,cd. 

Studies a h e d  a t  a t e t t e r  md.erstacdi&g 

Reductio2 of chroICium(V1) i n  \ofding n i t r i ?  acid ?y cftrogec 

GaLvaLic Ccrrcsion Setween StairLess SteeL acd 1020 Steel in -ex Waste 

Sa~lplss of 1020 s teel ,  one cf which was coLp1sd 
abut equal s u r f a x  area, were exposed to boiling syzhe t i c  stcrsd Purrex was+e 
(pa 12 )  fo r  a t o t a l  of 832 hours. 
corroeloc acceleration Kiil ozzur when stainless s t ee l  vaives were used h 102C si-eel 
l in%s hacUirg  this  vaste. 

a 304-L s t a l 2 e s s  s t e d .  sanple cf 

E e  ';est w a s  made t o  dstenrice i f  gal-zarl? 

No galvacic effects were ccted. The test is temicated. 

Corrosioc ic N i t r l - ,  Acid-Oxalic Acid Sys?.em 

Studies on %e ccrrosioc af 334-L stainless steel and t i t a im in  n i t r i c  ac.3-oxal ic  
acid system Sa.re Seen cc;czpleted. !Fke data obtalned iLdi.aate effect2;e pass-:rat.ior 
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Examination of fractured shear pin covcrs from a contiawus 
fatigue t o  be tke cause of the failures. 
a t + a d  aa *a 
con+act tAe bed of zaicked U03 d u r a  ro+ation. 

PROCESS COmRoL a z v E L o m  

Neutron Multi@.isation Ekptr?mecta*,ion 

A pluzonim-kerillium ceutron sourze and a osutron detestor systen has >eec InstaLed 
on a &-in* diameter plutonLum storage vessel In the Crit ical  Maes Facili5y. 
>ratio= wl+& water 0- has Seen conrplated. 
neutroc multlpllzation as solutions containlag 20 to 300 gram per l f + a r  p l u t c ~ i u ~  
arc transferred through it +a a reac&&r vessel. 

c a k i r e r  hdizare 
It was recommended that tke covers 3e so 

flexing, or that +A :overs be so designed that they 3~ zct 

C a l i -  
This vessei vill be mnitored f e r  

C Cclumn F a c i l i t y  and Data Reducticn 

The operation of the Data Scancing Programer VI*% tAe mercuzy wetted relays has beer 
q e t e  rella'cle and the r e p r o d u c i b i l l ~  of the xceasured voltages has markedly *roved. 

The kcrecreed rate of. b t a  

sone problems. 
oscasioz 3y the k t a  iron a m. 
per FUC of 73 voltages each, whcreas  formerly only  50 scans were accep3able. 
100 scans on any given po* are also acceptable. 
wunt of data that can 3e processed for any given r\~11 on the 7090 with I t s  32K 
memory. 

( a d  kecce larger amoupts of data per ?JL) week 
. w a s  made poselble by $he iEcorprat4cn of the hi&-speed scamlng circui t ry  has zacszd 

The s t o r a g  capaci t j  of tke Data Reduction Code was exceeded oc 
The Code was modlfied t o  accept up t o  120 scans t .ctai 

This appzars 50 be %e m a x m  
Vp t c  

The Tciloc Seilows arrd pulser cam d e e c e  of the lC n,olum3 test  facility was replace6 
w t t h  a Selcl  metal bellowe aud a set of fixed pulser cams ieslgred to  pvduce puise 
e ~ r p l l t u d e e  of 0.65, 0.98 and 1.3 inches In the zolum.  (Previous amplizuCes avail- 
able were 0.74, 1.2 and 1.5 inches.) Tests of the new steel SeUows systen: ahcwed 
(1) a peculiar resonant ef fec t  a t  a-ut 20 cycles per mirute wher. tke ccbm puise 
amplitude decreased b - ~  abou* 1 5  percent; t h i s  wa8 nct pursued further as It was not 
ic a pulsicg frequency range nonrally ancoutered; (2 )  except for the resocarA efiesf 
mcn+,icccd, the column p l s e  amplitude increased steadily w i t h  ir=n-reasFcg ptllse f re-  
Queczy; e d  (3) a t  frequencies greater thri 120 cycles per minu$e acme defcrrniyr 
of the beUows vas no5,ed. 

A series of m s ,  whish had ke tc  desiqred t-c investigate the long +,ern 3 tak i l l tg  
of the columc's measured variables an& to s%dy the effect  of sarqllrzq arc? d d -  
cclumn Fkctclreter flushizq 5echniq-s c1= this sta>FliC-y, was ccolpleyed. 
effeits of v a r i o w  flushicg techciqzes oc %e operation of the nd-cc11.mr phcrc- 
Peter were also investigated. 

E* 



me results to date are  iriseresting, hcwever, even if accorded o n l y  qualitative 
sfqcifiem:e. 
s w i e s  is resFonsi"z1e for three closely-spaced a3scrptior peaks a% L2j, L37  ard 
.r58 v o  
pre-rreatnects i n  a m e r  whick suggssta tke existence of a t  leas t  tb ree  13is+irg- 
uiakabk uracian spseies. Appare?;), m0;a.r extinetioz coelf ic ier ts  for  u r a c i 1 2  I n  
these ze.15 samplss r a g e  frc=?.50 tc 103 for  tbe stronqest peak i n  fke ram? LO3 r.c 
460 mp. By - . c q a r ~ s o c ,  the C O W O U ~ Z ~ ,  Csr';O$1L gave an apparect, mlar extir5::cn 
~ ~ e i f i c h i :  ( f o r  uzariun:] c i  ca, 16 a t  €23 yi azii L'O yielded as apparez? zclar 
e X ? f l i C t L G L  cGeffi2ieZt ci - c a . 2 0  at 43-390 '4.'. 
f r o z x  nelf s a q l t s  appears t c  te a mjcr coctri3utor t o  t L e  strocger a-3scrgtxn 
skiom 5y +Le frozto s a l t  samphs.  
mlar a A i n z f i o r  2oefficient of - ea. 120 a t  455 yo 

Pertuz3a:ioz of the i-drared sgec',ra ca= llkewlse be achieved Sy di f fe rer t  wl.t 
gre-trea*br.ems 
shows a new peak at z o 6  p in a a t i o n  t o  The r 'n~llCBil l  peaks a t  llvO p. 
z U e d  so i id  Cs$C$l4 tke peak is a$ LG,g p whiie mulled U 0 3  yfsLds a >road 3az2 
cxterdkg frcn 13 p t o  12 p .  

Further study has disclosed water "solubility" t o  >e a treackercus agprcach for 
achieving dfstinctlon Setween urazlm sp!xias presect ic f rozct  -1) sa~cples. 
n e  apparenz lesser water soP2fli-y cf a fraction of :ha u r a ~ i u m  is aFpar5ntiy 
a measure of differen+ rates of A ~ s s c L u ~ i c ~ ~  of different uranim s p c l e s ,  as 
eiqez$ed* 
idelzTLeal maoxre, kc5 a t  ;east it i s  much lees  i.in;P-deFendect Th.ari i s  Water '' 
" s c l u k i l l t y . "  
"insolGkk" uracil= ir a 10 rinute eqcsL-e tc water. 
"iLscluLe" f r a ~ + , i ~ ~  wcs 33 p e r c ~ c ~ :  a f t e r  s TWC hcur an2 a f t e r  a 16 h o x  erqoscre 
t o  id1 glycerol-n;?thazcl. 
~ t k c d  f c r  distiT;g-dstiCg Setveer urac2i species in rfiese zelfs. 

I= the v i s 5 l z  regloc, uracim ir these frozen (NaC1-KCI) zel? 

E e  reia-Lvo iccensi$ies cf these f k e e  peaks can 3e :hag!?& w2:h ~ l t  

3" The W a t e r - h S O h b l ~ "  uranim ir 

A sazple of :his material gave an apparem 

A mulled sample contaking some "water-icscluolefl i y . a n l u r c ( V I  
W i ~ h  

Apparecr "so2acliity" lr a i;1 glycerol-metharsol rmxTlre m y  SE az 

For e-le, a pcr t ior  of oLe s a l t  sampLe assayed 8 perzezt water 
Eowever, tke alsotci l  

n u s  aizchcl "scX:i;ify" may ks a rel ia3le  ezpirL:al 
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1. 

2. 

3. 

4. 

5 .  

6. 

Decoafazzizs~ion factcrs obssrrtd fo r  cerium were 3.3 a t  565 C and 10 at 6 2  C. 
contrast, "pu%L5ion" &posi+,io~S 3 N a C l - I E l  at 750 C yieid cerium decozzaslraticc 
factors cf the order af 200. 

Studies of 'JO9 Electrodeposition ic NaC1-KI=1 Systems - Experkez*s have been 
init iatzd in an "H" c e l l  in which the a-aspheres over =ode and catkode comparxe r f s  
can be indeper?aen+Yly varied. 
and dry air as *he anode a-sphere (to fac i l l t aze  re-oxidation of ura~ilm;,Nj 
foraed ky reacticr Wt-55 the graphite ancde), *e oxjgen/uradm r a t io  
has racgzd frcn! 2.GOI +a 2.035. 
as wsck~~[VS) has ranged f r o m  60 percent t o  93 perceG$, vise 88 tc 95 per=:ez? 
the ellcde c o z q m c t .  
o,oqarxzecfs h v e  likewiee been obeerred; in cce iristancs the f i r a l  coceerf?dt:cr: 
Ir the sat5cde zompartamnt was *ce that presezt ir: the ancde zczpartzez~. 

Chromptent iomet r ic  studies continue to t e s t i fy  +A ccmplex uranium ckemist.r;r sc. 5Lz 
N8C1-iCCl systzrn. Most of this e i i o r t  t o  date has zonsectrat&d on mlts prepxed 
% dissoPP2zq "308 into s l f e n  NaCl-KEl  e-5h w a g e n  t k i o r i d e  gas. 
rocallsd +ht early spez+mghcSometric s t u s e s  of this system y l e l d d  a e y s - 5 ~ ~ ~  
which :o*iLd E C ~  be syctkesized f r c m  luowc uran1un;N) 
was speculat ive3 ascribed +A urariun(V). 

3y 

I n  electrolyses usiag helium as tke ca",hode atmspker2 

~ k z  &epsF+, 
The fractim of t2e t o t a l  cathotie u-azsm preszct 2 -  

Dlfferences 'in u r a d w ~  concen'xatiocs in anode asd caftoae 

It my be 

uraoiu&VI) s p e X r a  e d  

' L  
T 
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2. I n i t i a l  Elt c a n i u  - 5 t o  i0 weight. psrzent;. 

3.  

4, 

TemFeratLre 650 *a 750 C. 

Cathode potential  (vs. A g / l  i ~ o l a l  A & l  reference c e l l )  - -0.5 tc -1.5 -rr- 1 4 - t  3 0 

1 
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Fission Pzodwt Behavior in MoL5en IVaCl-KIcL - The use of p y r o p h c 3 ~ t - e  as a prccLp1- 
fant for rare e&& elereents v ~ 8  studied fuzther. A solwtiorr containkg 0.5 w/c 

~~ - 
each of tke repzesentative clemeots Nd, Sm, Zr, MC5 Ag sad Ih; was prep red  ty L s -  
solutioE of NdaO , Sm203, ZrO2, Moo3 -1, and KRuOk 'Lato mlten R a C l - K C l  wit.i= dry 
=le mess NqJPo7 was *en added to the melt. w s e s  ( " ~ y  X-ray fiuoresrsrsc5) 
o? riitered melt ssrPpits Sefore and after U t i c n  of the !VatP207 shcved Ch: 
molybdenum wae apparecay completely sublimed out of the melt by zhe EC1 trea-rcert., 
s i l ve r  (which &sa not form BT; i=so1uU= mopkcsphate ia ~ a c 1 - m ~ ~ )  wag r o t  :arrxri 
on +,he precipitate,  and d e c o x z + ~ ~ l o c  factors as follow8 were acfiieved for *Lose 
elements precipi+ated: 

Decontamination 
Elemn* Factor 

lid 67 
sm 91 
zr 50. 
Ru S S O O  

Uranyl pyrophcsphate has CQ a limited 3oluSi;ity (3,s mg U/g N a C l - E l )  sc ?is 
direct sca-renghg %eckiqua could be oocvenien+Yly applied czLy t~ fiasicc p=c i~z*  
bearing mlta conta inkg  ZLC uranium. 
employ ( ! J o & $ ~ O ~  as +&e precipitant.  

This latter teehriquc was tested by =at& equi l ibrat izg a NaCl-KICl n;elt z c r t a f r k g  
0.5 w/o each of ad, Sm, Ru u d  Zr with a sol id Fhase consisticg of (U0c)$2O7 
supported on 60 mesh A1201. 
"182 - (TJOp)2p2O7 (conA&irg LLel w/o (U02)9207) produced &ecoar,asinaticn fa-Tors 
a8 f 3.LOvs: 

IE tke presence bf ~zaziuzc it is poeof..Ls :c 

Equili3ration of 30 gram of s a i t  with 33-grams c l  

Pecontaminaticc 
Element Factor 

Bd 67 
sm 130 
zr 26 
Ru w 500 
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1000 ppm Rp and an cxyger-to-urwiun-ratio cf 2.015. 
PX12 ia the inters?ises of the depos't, even a f t e r  thorcllql? vasticg, indica5cs zke 
necessity fo r  washfag of the TO2 after fir=& particle s i z e  reduc+,lcn. 
malysia w i l l  5e secured after such nechanical +?oatmento 

Ac electrolysis w a s  carried out w i t h  a 1-1/2 inc t  D graFbi+,e cathode arid a 6-icch 
I .D.  annular ancdeo A 23.5 lb, U02 degosft 1.8 c s  t h i s k  bas obtained d.;--irq h L8 
hour electrolysis.  
previous nm. 

Ctercical Decladdlrzq - 'ke pilot plant reectcr for ckemical desiaddicg acd/cr c x 3 a -  
--#s Iue l  core remval w a s  compieted. A shkebwn ruc was -de using a 1:; ~zLx%ars 
of auorine and citrcgezl gas to rewve oiidized Zizraloy ciaddizg f r ca  a 3-fcct 
section of a 1/2-ineh Zareter PR?R f u l  rod. E= m was s toppd in  less '1:~ 3s 
d n u t e s  because of pluggfrg of the off-gas l i ne  wltk ZrCIL. AFprOXiIUa?S>j 1/3 (65 
grams) of the eladdfcg w a s  rzmved in  tkis ~ h c f i ,  FerlGd whrlo cperatirg a t  a + c t L  
gas flow of four lltsrs/minute and tezperatwe >setweer !+2j and 575 C 

Visual c'merraticc @f ~ k i ? ~ ?  

AddiTiczal 

Characteristics of $he deFosit were similar to thoso of t k e  

+4- .  

The Tiiot urit equipuent waa modified a f t e r  the shakedcwr! ~ I E  t o  incorpra?.r-e a gas 
preheayer a=d a larger, bet+,er insulated off-gas l i r e .  
also ILAreased f ro= a ose-irzh t o  a 2-irck p i p  t c  Frc-riCe f o r  %e trea:=rt cf' 
s s e C  -rod 5;st;ers. 

m e  rea;+,or s:ze w a s  



W e e r -  Coctrol of ElectroCC Po*ec=ial. 4a a Salt BatC - A control system for 
regulating +he voitage a t  high Zurrents berween a cathode acd reference Cectrcde 
*a a mali;eg s a l t  bath waa desised and tested. E e  key compoEen5s cf the confrcl  
system are a pH nreter amplifier and a  bra^, Recorder with a proporticning resiszcr. 

The system works v e U  on con+mlling tDe cathode to anode vol'age. 
cco*=ol of pota3tial between ea*tbde .an& reference electrode is uccartaic a t  t%s 
t- due to a faulty reference electrode which appears t o  introduce a $ h e  coCs&I;BLlt 
in the procesr in excans of the -necessary for sdequste con+aol. Tests 
with a "good" referewe electrode are necessery before final evaluation of tke 
control gystcm C ~ D  be nnde, and corrective actions taken if necessary. 

Eowever, The 

Ion EXChanne Contactor Developmant 

C o n t i n u i n g  e x p e r a n t s  w i t h  the resin pump as a p r i m  mver iE a resin zolumn c o n f i n  
i t a  u + U W  for trarmpcrtlng resic slurry. 
rs la t lvely &nse resin slurries. 
when a suatercurrent feed ia pumped ag8-t it in a 4-ioch column a t  a rate of 300 
a l a  per minute. 
wakr - from the pulser chamber to the effluent out le t  directly beneath It. 

The valves perform well in t h in  tc  
The resin flow cannot be maintained, however, 

This is attributed in peFt t o  the short path leng+b of the slip 

In an attempt to  provide Sdditional force for resin movement, the pump has Seen 
al tered to produce a push-pull action under constant volume conditiccs. m s  has 
been accomplished by adding a second pulser operating 180 degrees ou+, of *he phase 
vith the first. A ball check valve is placed above, between and below +he N s e r  
chembcrs. 
the s-e bellown pulscr, eve- about 80 percent of the 
*-be bellows under p u l s a  conditione varylnq from one t o  
(200 t o  h0 mls) and frequencies from two to six cycles per minute. 
appears negl ig ise .  
P S U *  

Resin (20-40 mesh) mwemnt i n  a non-flowing l iquid system is superior 20 
displaeeECt of 

Slip water 
inches iL azpLitLde 

2% pressure in the pulser l ines  varied between 5-3/4 t o  8-1/i 

SeveFal attempts t o  pump a process stream agairat the resin in *e new wit gave 
negative results s i m i l a r  t o  those described above for the s i a e  bellows unif. 
is thus concluded that the resin n i t r i c  acid slurry c-ot be treated as a homo- 
geneous l iquid for yun;phg purposes. Hm-ever, preliminary tes ts  LcCicate t h t  
simultaaaous liquid-resin countercwrert f low is obtainable in the "C" column, 
whish is s i r  feet f&br iron: +ihc pulser chamber +a the "A" coluzz~. 
vation inrpliee that an improvement in "A" coluuin perfonnarrce uay 5e a t t a k e d  by 
selecting a dlfferentlocaf-,ion for the pulser. 
apparatus w i l l  peni t  &&sting of t h i s  hypothesis. 

It 

'his obser- 

Simple mdiflzaticns to the present 

Fission Yield Determinations 

N i n e  irradiated Pu-239 samples were analyzed for a to+& of over 36 fission Frcdwts 
in order to perfecf enalytical techniques and t o  verify f l ss icn  yields fron irradi- 
ations vith the neutron flux conditions obtained in the Haaicrd reactors. 
completion of final cou t ing  and calculation fission yield determinaticrs on Pu-2U 
w i l l  be started. Data from these studies w i l l  5e valuable ir conaectior w i t l :  ?he 
hi& exposure plutoniun; work expected a t  -he PRTR. 

Upon 

-. 
-? 

1 2 5 2 1 0 3  
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Mkz-ra2 B e i w t i a a  

La3ora%ry iLT-estigaticns were contimed f o r  comparir?g casiuzr adsorp7iona fy varicus 
-turd ar=5 s y ~ t k t i c  LO= txlAacge materials. 
phexcliz r e s i r  i n  5 M - scflium systems gave cesium iLatr3-cticn -:ceffieierss That 
ircreased l h s a r l y  vi:k the logarithe of $he OH' concentration" 
studied tc determine tke effect  of salt concen+x.ation oc the cesium capazity of 
ths  exzbsqer. NO significan+, Ufferecse in cesiun capacity was c%aiEed fo r  6 E, 
2 E, a d  0.5 fi scd:*yn z i t r a t e  so2;j;icns +,raczd w i t 3  Cs-137 acd passe9 a: a cf fo- rz  
flow rate tb-ough resin :olwms. A rather prcnounsod ifl1uex.e of dilut4oc OE t k  
eagaciyy of e l i rop t i lo l i t e  greviously cPsemed is nov aecri'red tc t ho  raFi i  i l c w  
ra?es use6 ic tkc! ea r l i e r  experiJz5nts. 

Eq1iilL3rL1m eqerlmrys w:fh a 

%e r e s k  was alsc 

A coxqarisolz cf zoiunm sxperherts vi'& batzh-type equili5rium exgerimrt.s, whish 
are rs2at'iveiy cheap fa low-salt system, skowed f t a t  tke 3atzk-f:rpe nay >e used 
t c  es t iza te  +ke adsorption c a p c i t y  of CandiCate colum nstcrials. 
naterial fested - sycthetic zeolite, a sulfonatkd Foiys+Yyrene res;=, a d  cLicog- 
t i l o l i t e  - the cesium adsorption capacity as calculated from batch equilibrium 
distriSution izeasuremnts agreed wi+,h previously cjtaized m,clwm ewtrixz.c,s. 

Fcr .pack 

Ruthenlu Tefroxide Studies 

Two tase-lize -runs were made t o  determlae +ke extett of abozpt ior  of rutl=ar;iun: 
tetroxide on s i l i c a  gel, =der conditions such that negliqi21ls I l e c o ~ o s i r i c c  ci 
the fetroxicle OCS'J=S. 
RuO4, tkel; thrcugh a small  sil iza gel  'bed (l-izch diameter l?y 2-1/2 irrches hi@), 
and iztc a t rap coctaining Lyd=,..oxylamke hydrochloride {in 4 M kyIroc3crir. =id) 
Excellsnt thenium rem w a s  observed w i t h  ruthenium 8ecor-&ni?iraticn fa  s c r s  

with a sharp dezarka3ion line between the satura+xd acd unused s i l i c a  qei* 

A stream of air  was passe2 over -e0 sol id  a r d  k q u i 2  

of 2.5 K 10 "2 acd 5.9 x 1% The r;rthenim >xs absorbed in a t igh t  colored k a c i  

BIOLOGY AND MEDICTIE - 06 PROGRAM 

Gravel. !kalrs Complixte Gromd Water Flcw - E s  potential  cf k i@ly  xzrgkx f l o w  
pat terrs  of grotnd waters w P t L i n  tke lcwer of the Ricgol3. fcniaCx= w a s  again 
ercpkssized. 
!site cf the prcposed dam) disclosed that, $22 so-called " X u e  d.6ys" or Lover 5eds 
of' the Rirgoid fomatioz are  icter1act6 w9,t.b extensive p a x - s l  t r a f s  that :om?.itL?e 
a major prt c.9 the b w e r  Ringcld io-rmaiicrt an5 tha: represeriz clZ mi2 strean: 
Cclumtia RPwr courses 
w a s  e a r i i s r  zep r red  and that Pi?s 00 basal-, 'cereatfi the "blue clay" beds .! 
Gavel  traizs ccv art recognized thcughcct the errtire stratigraphic sestior azd 
+Lwoughcut =ET; of tke Paseo Basic. 
3ctB areally tin9 i~ t:at secticll. 

Stzatigzaphiz s fd ies  'zetweer RichlaEd and Colm3la Rivsr uCe  j@ 

ITkose gray-els 81% distinn,? ircn :LE l aqkr rera te  thay 
St;k 

Fzevicusly they were reccgcized c-ly ic:C::, 

!Re gra-rel t r a i r s  are 2orSered Sy silts arc zlays, repzesentfrg quiet water 3egosPts 
a t  the lrsrgirs of 3he strsm. Thus, t k e  si15 azd clay beds are  not 30 xcticuotla 
o r  -cCfizicq as Y they were lake r a t 3 e r  than rrver or floodplain degosrts. 



3 

co;mert* €hlw -Spaced Bieid Data 50 Grid Spacing - Em problem of salda5irg 
arid point ra lucs firm; ran&- distrihted geologic ana hydrologic da+a was 3m;ri~d 

Deflniticn cf Basalt Relief Xear Reactors - Several Suried SasaLt r",&es are ncv 
lmown In the r e e o n  between the Gable 3utte-Gablc Nxn*afn antisline azd S u e  
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Lcw Backgroad Beta G a m a  Coincidence Ccunting 

A l o w  Sackground 3eta gamma coincidence cout1r.g system w a s  developed by usiLg a 
plast ic  sc in t i l l a t ion  beta aetector in a well of a five-inch sodium iodide gama 
sc in t i l l a t ion  detector, and both in a large plastic anticoincidence shield ( the  
Conrpton cancelling spectrometer). 
reduction greater than a factor of 150 was obtained w i t h  only a 30 percerrt ioss 13 
efficiency over regular gamma counting. 
detector for  beta gamma emitting nuclides. 

For the weak beta emitter, Co-60, a backgrollrzu 

This w i l l  provide a very sensitive 

Radioactive Noble Gas Detector 

A detector was developed for beta counting radioactive noble gas samples without 
introducing them into the counting tube itself. 
of the noble gases i s  needed from other gases which would interfere w i t h  the 
counting process. 
holung the gas sample which i s  isolated by means of t h in  mylar films from four 
hemispherical proportional counting chambers electronically connected. 
and f i l l i n g  of the sample chamber and the counting tubes are done simultaneously 
t o  avoid rupturing the fFlms. 
sad a background of less than ten counts per minute when used i n  an anticoincideme 
guard ring shield. 

By this method no purification 

The detector consists of a central  rectangular chamber for 

Evacuatioc 

The detector has an efficiency of about 59 percent 

T r a c e  Elements i n  Columbia River Water 

Samples of water from the Columbia River and i t s  major t r ibutar ies  are  being analyzed 
t o  determine the concentrations of the trace elements responsible for the radio- 
isotopes formed when t h i s  water is used to cool the Hanford reactors. 
these concentrations w i t h  time and season w i l l  be measured as a guide for investi- 
gations designed to reduce the radioisotopes formed. 
observed activation analysis techniques are being used fo r  the  analysis. 

Changes i n  

Because of the low concec$rattons 

Acting Manager 
Chemical Research an6 Developmect 

WE Reas:cf 
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A.  O E A N I Z A T I O N  AND PI3RSONNEL 

D r .  Pierre F. Niaaa of  S,H.A.R.P., France, vis i ted Xology f a c i l i t i e s  for two 
weeks, discussing research, observing methods and techniques, and reviewing 
administrative procedures. 

B. TECHNICAL ACTIVITIES 

FISSIONAaLE MATERIALS - 02 PROGRAM 

Effect of Reactor Effluent on Aquatic Organisms 

The effluent monitoring a t  the 1706-KE laboratory with the exposure of young 
salmon t o  d i lu te  untreated effluent and t o  l ike concentrations of effluent 
passed through a bed of aluminum turnings w a s  terminated on M a y  18, 1461. 
The f i s h  had reached the stage of development where they normally undertake 
the migration t o  the ocean. 
concentrations suffered marked increased mortality, while the 4 per cent 
strength resulted in  s l igh t ly  increased death. 
t e s t s  have not as yet been applied, a cursory examination of the data indicates 
tha t  the presence of the aluminum made the effluent s l igh t ly  more toxic. 

As expected, f i s h  exposed t o  8 per cent effluent 

Although rigorous s t a t i s t i c a l  

Hydraulic Test Flume 

The construction o f  the hydraulic t e s t  flume for tes t ing the locomotive 
performance of f i sh  w a s  s tar ted i n  mid-May by Minor Construction. 

c. columnaris 

Tests t o  evaluate virulence of different  s t ra ins  of columnaris and sens i t iv i ty  
of different s t ra ins  of f i s h  are continuing. 
the McNary Spawning Channel showed no incidence of columnaris among 28 f i sh  
sampled from water which was 51 F. 

The f i r s t  sampling of f i sh  from 

Three of  the most virulent s t ra ins  of columnaris and two of  the l ea s t  virulent 
s t ra ins  were tested for  t he i r  haploid o r  diploid s ta tus  by means of sensiti?rity 
t o  X rays. 
non-vbulent s t ra ins  appear t o  be haploid. 
extremely important and necessitates a thorough check to  be sure tha t  the 
two groups are rea l ly  b0th.C. columnaris. 

Population Dgnamics = Waterfowl 

The three virulent s t ra ins  appear t o  be diploid whereas the t w o  
This observation appears to be 

- 

'Qe 'Canada goose population resident within the Hanford Reservation completed 
i ts  m o s t  successful nesting season since comprehensive studies began i n  1953. 
Approximately 1100 goslings were produced, representing a 29 per cent increase 
over l a s t  year. 
nests from 70 per cent l as t  year t o  85 per cent i n  1961. 
averaged 97 per cent, compared t o  an eight-year average of 48 per cent. 

This resulted principally from an increase in  successful 
Fe r t i l i t y  of adults 

UNCLASSIFIED 
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Nesting colonies of California and ring-billed gulls a t  Coyote Rapids and 
Rlngold were censused. Total nests a t  t b s e  locations were approximately 
i200 and l.400, respectively. 
colonies i n  average clutch size: 
two colonies will produce approximtely 5700 young gulls t h i s  seasonp with 
1 2  per cent and 35 per cent, respectively, of  the hatching completed. 

There was a significant difference between 
2.6 a t  Coyote Rapids, 1.8 a t  Ringold. The 

BIOLQGY AND MZIICINE 06 

MFTABOLISM, TOXICITY, AND TRANSFER OF W I O A C T I V E  PlA?pIIALS - 
Deuterium 

Yeast ce l l s  were cultured in synthetic media containing 0, 50, and 99 
per cent D20. 
a s l ight ly  longer lag period Fn l2le cultures w i t h  deuterium. 
D20 the lag psriod extended through twenty-eight hours and once grcrwth started, 
the growth rate w a s  only about half' tha t  Fn the control cultures. 

Uptake of all substances studied was depressed in cells grown in 
99 per cent D$. 
Potassium uptake waa reduced about 50 per cent, glucose uptake about 60 per cent, 
and phosphate uptake about 92 per cent as compared with controls. 
that  membrane permeability ia affected by D20 and this may be the result of 
the dependence of the membrane potential on potassium and hydrogen ions.  

S t r o n t i q  and Calcium 

In an attempt to  determine whether the s i te  of action of dlnftmphenol (DNP) 
is in the shoots or i n  the roots, ra tes  of transpiration and calcium and DNP 
accumulation were determined in plants w i t h  roots kil led by boiling o r  
freezing. 
obtained when the roots of th4 treated plants were placed in solutions 
containing DNP and calcium ions. 
in plants with botled roots and by about 75 per cent in those with frozen 
ki l led roots. 
of  k i l led  roots, the DNP content w a s  markedly reduced and there was no 
accumulation of  DNP in the shoots. 
increase in the accumulation of calcium in the shoots o f  plants with boiled 
roots and a three-fold increase in uptake in plants with frozen roots .  
the moment it is not c lear  w h y  a dead root is not mere4 a dead root. 

Cells in 0 and 50 per cent D20 grew nearly equally well wf5h 
With 99 p e r  cent 

The reduction was, however, not unFfonn for  a l l  substances. 

It appears 

The method of k i l l ing  had a profound effect  upon the resu l t s  

Transpiration was reduced by about 50 per cent 

DNP caused no fbrther reduction in transpiration. In  both  se t s  

On the  other hand there was an eight-fold 

At. 
. 

A porometer w a s  prepared and attached t o  a barley leaf  t o  measure the a i r  Cow 
through the leaf. 
in the stomatal openings. When DNP was added t o  the root environment, the a i r  
flow ceased within forty-five minutes. 
openings was  obtained by cutting the leaf e i ther  i n  a i r  or under water. 
stomatal closure is induced by DNP, it is not clear whether this closure is  due 
t o  a abect  action of the inhibitor on the stomata o r  t o  a change in the ease o f  
water movement through the roots causing a water de f i c i t  in the shoot. 

Chauges in t h i s  air f l o w  are assumed t o  be due to changes 

A s k n i l a r  closure of the stomatal 
AltTough 

UNCLASSIF E D  
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Previous work has shown a rapid equilibration of calcium and strontium between 
the inner wood portion of bean stems and the outer phloem of the stems. 
determine whether this equilibration was caused by l a t e r a l  movements between 
these tissues o r  t o  ve r t i ca l  transport, a p las t ic  fi lm was inserted between the 
wood and the bark t issues  in the stem. 
an upward direction and i n  a downward direction i n  the phloem t issue.  
movement w a s  extremely rapid i n  wood but very slow ( less  than i cm per day) i n  
the bark o r  phloem tissue. 

0 90 The tentative r e su l t s  of a se r ies  of tests t o  study the dis t r ibut ion of SI? -Y 
in yearling t rout  af ter  a s i n g l e  oral  administration of 1.3 p c  per f i s h  showed 
that  the body burden w a s  about 19 per cent of the given dose a t  seven d ys a f t e r  
feedilig. The maximum concentration observed in the blood w a s  1.8 x iO-jpc/ml 
a t  48 hours. 
tract within 24 t o  48 hours. 
observed in  the hind-gut increases sharply t o  a m a x i m u m  of about 40 per cent 
of  dose a t  24 hours and decreased rapidly t o  l e s s  than 0.2 per cent o f  dose a t  
the end of  48 hours . 
Five miniature swine t ha t  have been on the 25&c/dw leve l  of Sr9O during 
the i r  en t i r e  19- onth l i f e t i  e together w i t h  f ive contro 

To 

some strontium movement was noted both in 
Upward 

Data on calcium uptake are not yet  available. 

The force-fed isotope is transported through t h e  gastrointestinal 
On the average the concentration of isotope 

swine were intravenously 
injected with Fey9C1 and Cryl-tagged red cel ls .  The Fe t 9 was cleared very rapidly 
from the plasma of a 31 1 animals; however, the r a t e  of clearance was more rapid in 
the animals exposed t o  Sr900 
the uptake of FeS9 by the erythrocytes o f  the  Sr9O group w a s  also more rapid. 
(Calculations of red-cell survival as determined from CrS1-tagging will require a 
longer period of study . ) 

Consistent with th i s  finding w a s  the obsemation tha t  

If these i n i t i a l  observations on differences i n  the r a t e s  o f  Fe59 l o s s  in plasma 
and uptake by erythrocytes a re  confirmed in future studies,  t h i s  method w i l l  have 
proved to  be a sensi t ive indicator of damage following administration of a bone- 
seeking isotope. (To our knowledge, t h i s  test  has never been applied in animals 
administered bone-seeking radionuclides ) 

(Preparations a re  being made t o  begin the next phase of the study on the binding of 
strontium and calcium in  blood. 
the ea r l i e r  observations regarding the presence of non-exchangeable calcium i n  
the blood of sheep, extend the studies t o  other species and begin studies on the 
effect  of non-exchangeable calcium on strontium-calcium discrimination and the calcium 
regulatory processes) 

In the planned studies we w i l l  attempt t o  verify 

Iodine 

The study of the uptake and retent ion of 
old lambs was completed. 
a very rapid equilibrium between 1131 i n  the blood a d  thyroid of the lambs, and 
the low clearance of 1131 fo r  endogenous excretion. 
ewes receiving a d i e t  containing marginal amounts of s table  iodine, it may be of 
in te res t  t o  study the e f fec ts  of increased s table  iodine 3n the blood-thyroid 
relationships and the endogenous excretion of 11% 
repeat these studies i n  older animals.) 

i n  the thyroids o f  newborn and week- 
As stated in April, the preliminary resu l t s  indicated 

(Since these lambs were from 

It would a l s o  be of in te res t  t o  
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Plutonium 

F'urther studies with the new chelating agent (2-(B-aminoethoxg) cyclonexglamine - 
N,N,N' ,NI ,  tetraacetic acid) indicate that it is only about one-ha'd as effective 
as DTPA in promoting the excretion of plutonium injected i n t o  rats 18 days prim 
t o  treatment with the chelate. 
orally (6 mM/kg) one hour after intravenous injection of plutonium. It is, however, 
significantly effective vla the o r a l  route causing the excretion of some 45 per cent 
of the injected plutonium compared to about 60 per cent excretion i n  tha DTPA treated 
animals and about 10 per cent excretion in untreated controls. 
that the new agent, like another cyclohexylamine derivative previously tested, was 
more effective than DTPA in promoting excretion vFa the feces. 

Radioactive Particles 

It is  also less effective than DTPA when administered 

It is of interest  

Twentg-two dogs eqmaed t o  ~ ~ 2 3 9 0 2  i n  October 1959 were given a periodic examination. 
ChestX rays show no obvious Changea, although respiratory rates  of  a TNmber of the 
dogs are high, 
Electrocardiograms are being added t o  the routine examination of the plutonium-%reated 
dogs since there is indication of a shift in the electr ical  axia of the heart in 
several dogs. 
the effect o f  particle size on retention ;and translocation, 

Blood lymphocyte levels are below the normal range in all. dogs, 

Three dogs were exposed t o  ~ ~ 2 3 9 0 2  aerosols t o  continue studies of 

Preparations are near* complete f o r  cesium inhalation studies on rats.  

Results of  inhalation studies on ra t s  with dust containing Np237 are completg 
three weeks af ter  exposure lungs contained about 2 per cent of the t o t a l  Np2jt) 
deposited, 
in the feces. 
-se occurred a t  the highest dose level, 200 picocuries ( o r  1 mg t o t a l  dust) 
deposited i n  the lung. These 
effects were probably &e t o  chemical toxicity of  such materials as uranium, a 
major constituent of the dust, and not due t o  radiation from Xp237. 

Ar; 

During this period about 2 per cent w a s  excreted in urine and 95 per cent 
In 3 W a y  toxicity t e s t s  on 80 ra ts ,  only three deaths occurred. 

There was evidence of possible kidney damage. 

Transfer of Eadionuclides t o  M i l k  

I n  order t o  determine the r a t io  of radionuclides i n  the blood and m i l k  and also t he  
per cent of the achinbtered dose i n  the milk, two ewes in Late gestation and early 
lactation were administered a combination of radionuclides dai ly  by the oral roufe. 
30th ewes received 200 c Csu7, 25 
addition, io0 p c  P32. 4 total of 2 B samples each of blood and m i l k  from each ewe 
was collected over a 21-day period, 
perFod was also determined, 

c Iu1, and La5 pc SrFO, and one received, i n  

The quantity of m i l k  produced in a 24-hour 

The m i l k  t o  blood rat io  of each 
administration is as follows: pyg - 4 5 ;  I1yl - 8 t o  35; CslJJj - 10 t o  20. There 
was considerable variation between animals, days, and time o f  day the sample was 
obtained. 

the radio uclides a f te r  thy e days of oral 
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.Gastrointestinal Irradiation Injury 

Interpretation of the pathological findings on rats kept f o r  duration o f  l i f e  
following dai ly  ingestion of 100 o r  SOOpc YY0 for  a sixty-day period, have 
been completed. A hmor a r i s i n g  i n  the in tes t ina l  t r a c t  was observed in  only 
one out of one-hundred r a t s  exposed i n  t h i s  manner. 
observed i n  the o r a l  a d  uterine regions. There wereo i n  addition, a number of 
corneal lesions indicating t h a t  radiation exposure t o  the head and mouth was o f  
major consequence i n  t h i s  study. Absence of long-term ef fec ts  i n  the intestine 
itself i s  noteworthy especially in view of the tumorgenic effects i n  organs exposed 
t o  radiations which originated within the lumen of the intestine. 
exposures of  adjacent organs should be much less significant i n  v i e w  of the 
comparative geometries involved. These resu l t s  are not i n  accord with some 
limited previous studies and a careful interpretation and probably more 
extensive studies w i l l  be required. 

There were numerous neoplasms 

In  man such 

Fish Egqs as Bio-Dosimeters 

The parameters necessary for  fabrication o f  a l i f e  support system f o r  salmon 
and/or t rou t  eggs have been defined. 
oxygen consumption, c r i t i c a l  oqgen  tension, temperature, pH, volume, carbon 
dioxide toxicity,  m i n e r a l  metabolism, heat production and other factors. 

P l a n t  Ecology 

Studies are i n  progress t o  determine environmental c r i t e r i a  for three of the 
dominant plant communities (bitterbrush, sagebrush, and greasewood) of the 
Hanford Reservation. 
routinely since mid-January indicated t h a t  s o i l  moisture penetration during 
the 1960-62 growing season was deepest*in the bitterbrush s o i l  (2.8 meters), 
shallowest i n  the sagebrush s o i l  (0,9 meters) alrl intermediate i n  the greasewood 
s o i l  (1.4 meters). 

It was necessary t o  take in to  consideration 

S o i l  moisture determinations, which have been made 

Project Chariot 

Plans and arrangements f o r  the 1961 Project Char io t  f i e l d  program were completsd. 
Analyses were i n  progress on the Sr90 content in samples collected during the 
summer of 1460 and i n  sanples of caribou obtained during the past winter. 

Manager 
BIOLOGY LAi30RATGRY 

?A iiornberg:es 



D-6 HW-69322 

C. Lectures 

a. Papers Presented a t  Meetings 

W. 

M, 

J. 

J. B a i r ,  lTkiiation syndrome and m o r t a l i t y  i n  dogs after inhalation of 
~ m 0 2 ,  It Radiation Research Meeting, Washington, D .C . , Hay 15, 15 61. 

F.. Sullivan, ltThe influence of  X-irradiation o r  nitrogen mustard 
administration on sugar absorption,1t May l4-17, 1961, Radiation Research 
Meeting, Washington, D. C,  

R. McKenney, ltS$O and C045 Binding in Blood o f  Sheep,ll Radiation Research 
Meetkrg, Washington, D.C., May 15-17, 1961. 

b, Seminars (Biology) 

R. H. Schiffman,- %io-research problems related to charge particle radiations 
in the space envlronment,n M a y  10, 1961. 

M, P. Ehjihara, Wicrobiological studies of Chondrococcus columnaris," May io. 

W. C . -on, "A New b t h o d  f QP Measuring Water Fowl Dispersion, May 2& 

H. V. Koonta, Vhotosynthate Froduction and Translocation as a Functior, 
of the physiological Age of the Barley Plant", Fiay 24. 

c. Seminars (OffSite and Local) 

L. K. Bustad, lfBiologlcal EXfecta of exchange seminar, Washington 
State Universie, Pullman, Washington, May 4, 1961. 

L. K. Elustad, lrSomatic Effects of Radiation,lt Veterinary Toxicology class, 
Washingtan State University, Pullman, Washington, May 4, 1561. 

L. K. Bustad, "Radiation Tumorigenesis and Life Shortening,11 Radiation a io logy  
class, U. of  Washington Fxtension Center, Richland, May 17.  

W. H. Rickard, "Fallout and Environmental Problems,ft Radiation Biology 
class, U. of Washington Extension Center, Richland, May 24- 

- 
R) 

L!l 
r k~ 
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c 

E. M. Uyeki, 'Wcdification of Radiation Injury,1t Radiat im Biology class ,  

'd. J. Bair, "Pathologic Effects," Radiation Biology class, U.  o f  dashington 

W. J. Bair, llRadiation Syndrome,11 RadFation Biology c las s ,  LJ. of Washington 

U. of Washington Extension Center, Richland, May 31. 
Iv 

ktens ion  Center, Richland, May 3 ,  1S6L  

Extension Center, Richland, May 10, 1961. 

t 

D. Publications 

a. HW Documglts (none) 
b. Open Literature 

Bair, W. J., D. H. Willard and L. A. Temple, "The behavior of inhaled RuIo602 
particles,11 Health Physics 5 ,  90-98 (1561) rnCLASS FISD - - 



mGANI~Irn AND PrnONNEL 

There were no changes iqeersonnel during the month of.May. 

!)PEFtAZIOI'?S FBEWiCE AEMTIES 

Input-Output Madel 

Work continued in an effort to transfer same of the learning patterns fnusd in 
specific processes to over-all plant operations. 
to da+,e is being prepared. 

A report summarizing pmgress 

m e 1  Element Performance 

Available X-ray diffraction data are being analyzed ta see if such data a=e 
potent- useful in predicting dimensional distortion during irradlatim- 
These data are being correlated xith post-lrrsdiatisn rneasurenents frsm Quality 
Certiflcatian fuel elements. Although only one fuel elemeDt per h t  has an X-ray 
diffl-action measurement taken, prelimi=lary analyses indicate +a% such a masee- 
ment may havr? real value. 

A listing of lots representing nmroutine prduction fuel elements was ccrmpared 
with post-irradiation resulta to determine if some of' the outlying data points 
observed are explainable by these unusual lots. 

Use of available computer programning techniques have greatly simplified certain 
analyses of rupture data, thus making it possible to develop many models for the 
same set of data, where the data are divlded into equal power-temperature cells 
in different ways. It waa found that the uae of weighted regression techniques 
on a specific set of hole failure data led to results relatively unaffected by 
how the data were grouped. 

Confidence limits were found fo r  the ratio of dingot to ingot rupture rates. 

Optimization of Reactor Operations 

Optimum sizes were determined for supplemental crews during the period after 
conversion to bumper fuel elements. Existing fornn&s developed last year were 
used with s a w  modifications. One change which affects the answer a fair amount 
replaces charge-discharge rates theoretically achievable by more realisti- ,- ones 
based on past dah and projected to the future. 
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Z-Plant Information Sntems Studies 

A brief descriptia of the 2-plant process control c3laputer system and the 
associated concepts WBB presented at the Resew& and IkveltlEmpmt M e e + , i n g  
held by the General Manager, BD, on -yerY U. Contml coverage for the Roducts 
Processing Operation has been eliminated in order to acconmwdate recent changes 
In the baric concept of the Fabrication Operation vithin the memory limitazians 
of  the ccpnguter. 
pmgraa assembler. The resulting machine language program w i l l  have to be sent 
to Phoenix to be put in the proper form for entering it into the Gene- 
Electric 312 groccss control computer. On-Ue debugging should be in progress 
by June 8. 

Zhese changes are currently being ccrmpiled by the IBM 7090 

Reliabillty Studies 

A study of the agplicatlon of Boolean matrices to syatern rellabillty problems 
was initiated. 
the Ueeftdnesa of the method. 

Porrible areas of application are being explored to demonetraze 

s-mAm)-cAL JmmnIEa FOR E I 5 R  HP90 COMPONEES 

Fuels Repara tion Depwtme nt 

hta were analyzed from a designed eqerlment conducted in the pilot plant con- 
cerned with optimizing the canning cycle f o r  nickel-plated f'uel elements. This 
recent eqerlment was cmdncted at sets of conditions adjacent in 'Yhrce-space 
t o  a previous s e t  analyzed in February. 
located for the new s e t  a i  data agreed very w e l l  with that found far the orig- 
inal set. 

The region of optimum performance 

Further w ~ z p  data from IIPB-lnner fuel elements were analyzed. 
the direction of warp with respect to sane reference point, both before and 
after the heat treat-. 
viously determined. 

Sane descriptive statistics were found for prc-ifisdiatlon dimensional measure- 
mema on a sample of O I E  and 9NT fuel elements. 

01 interest was 

Results found were very consistent with those pre- 

Ifiadistlon Pmcesslng 3eg artment 

A study I s  being made of the feasibilltg of objectively monitoring electrical 
pulses shoving power consumption in the 100 and 300 areas. ;'he infent I s  to 
restrict +he number of pulses observed in any given 30 minute period below a 
given amQuzt 3y supplemental power generation when the quickened frequency of 
pulses indicates that power consumpticin has increased. 
mopthly billing I s  based on maxiwuP consumption dur- any given 30 minute . 
period. 
a to r  Judgment e 

3 1 0  is important because 

Currently, the decision to generate additional power is based on uper- 

As 9 reSult of preliminaxy findings in Tihe lnvestigazion of thermoczuple varia- 
t i & m c  detailed analysis is being made 53 determine how much of the 
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discrepancy between fhermocouple and thermohm readings is possibly due to 
thermohm error. 
without error 

OriginaUy, it was assumed that +&e thermohm results were 

Cwnments were given in connection wi+h the potential effect of a longer auto- 
clave cycle on rupture rates. 

Under present me&& of discharging enriched fuel elements, there is a poss- 
ible criticality problem should a sufficient number of fuel elements discharged 
from the near and far side of the reactor fall  in the center chute. 
probability of suchan occurrence was calculated under various sets of assump- 
tions 

The 

Some further fission product decay curves were fitted using the recently 
developed computer program for the estimation of parameters in a nonlinear 
least square situation. 

Chemical Roceasing Departme nt 

An analysis was made on dimensional measurements performed by three groups on 
fabricated parts. 
period of time, it is impossible to objectively s o r t  out all the source of 
variation that may exist. More work will be done in this area. 

Since the measurements were performed Over a considerable 

Results of an analysis of data from Task I11 - the reduction of plutonium 
fluoride to buttons - were reported. 
in order to provide background information on the feasibility of using evolu- 
tionary operation techniques at this process step. 

This analysis was performed prharily 

An examination is being made of data from the casting operation to assist in 
determining possible causes leading to castings not meeting radiographic 
specifications. 

Cwunents were su'canitted to personnel concerned w i t h  determining what size of 
ceeim shipments leada to the smallest risk due to potential incidents. 

Work was begun on a que- theory study of motor vehicle use in the 200 Areas 
for the Facilities Engineering Operation, CPD. 

2000 Progrsm 

Chemical Developanent 

A machine calculation is being done cm mid-calm photometer calibration data 
to determine the best mathematical method of correcting far the temperat~e 
difference between calibration and experimental runs. The results from the 
first machine analysis indicate that a slight change in the mathematical 



model would enhance the experiment& fit. A second set of mid-column photo- 
meter calibration data was taken under conditions c1mzd.y appr-ting 
those of an ac- experimemal run on the pulse column. This data is being 
analyzed to drtermlae the appropriate schedule for  iaterspersbg pulse column 
sample stream readlngs and pure water standard readings. 

An exparimcntal progrem was designed far the f i r s t  full scale pilot study using 
the w e  column test; apptmatua. 
investigate the relative importance of f lve independent variables, column 
capscity, aqpeow to organic flow ratio, feed concentration, pulse amplitude 
fregucncy product, and pulse amplitude, on the response variables, waste stream 
cancentrstion and the column concentration as a function of height. 

Materials Developmen t 

Tolerance statements describing the papulation of graphlte bars currently under 
comideratim for use aa r;[pR moderator were constructed f- corrrponents of 
variance analyses on t e n a i l s  strength measures, electrical resistivity, thermal 
conductivity and coefficient of thermal mans ion  data supplied by Msterials 
Developenz Operation. me statcnrnts on the tensile strength pruperties were 
cxtrapcly loose. An alternative method of cslcuLation based on actrune value 
strptiatical theory is being wed in an attempt to tighten up these statements. 

B e  grogram uses 16 experimental runs 50 

Corrosion Studies 

A new =+Ad of estimating 8.l- comaion penetration during the breakaway 
stage, which is independent of any assumption on the pre-induction time cor- 
rosion mechanism was used to analyze ~-400 and X-8001 a ~ o y  corrosion data. 
The results of the snalgais were discussed vlth G a t i n g  snd C a r m a i m  personnel. 
All phases o f  the analysis are camplate nmr and the evaluation in agreement 
with previously farmhd notions about the effect on corrosion rate of hest 
treating variables except for a peculiar dependence on the method of cooling 
sanrples following anneal. 
a multivariate -1s of variance is being done on sane of the corrosion 
data .  

In an attenpt to untangle the cooling method effect 

Swellfog Studies 

3re p m ?  size distributions read an the Zeiss particle size analyzer have been 
transcribed onto IIM cards vith appropriate identifying variables, and a master 
listing has been printed by the ISl 70%. Short programa are now being written 
to calculate void f r s c h n  and void density estimates for each of these pore 
size distributions. 

Plutonium Recycle 

Strucmral Materials Develapment Operation has not been able to obtain 32 tukes 
to perfmu the experiment to investigate the reliability of a fluorescen* 
penetrant nondestruc3ive t e s t  f o r  the detecticn af surface defects on zirconium 

ZLb 
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tubes. 
Experimentation has started wi+h the investigatim of five factors: operator 
effect on tube preparation, penetrant oil bath time effect, emulsification 
bath time effect, developer drying %ime effect, and operator reading effect, 
with a half replicate of a 25 factorial design embedded in a balanced imcom- 
plete block design, using the 16 tubes as blocks and the 16 factor level 
combinations of the factorial as treatments. 

A revised experimental plan was provided to accmnodate 16 tubes. 

Statistical analysis of data fran a high energy uranium oxide impacting 
test conducted by Fuels Development Operation is still in progress. 

The first experimental run on particle packing using pre-calculated particle 
sizes and size ratios has yielded densities well above anything previotssly 
determined. M e r  experiments are in progress. 

Biology 

Statistical analysis of data frm an experiment involving irradiation of a 
population of Mediterrsnean f lour  moths m s  completed and results reported 
to interested personnel of Biology. 

Work continued on the extension to the diff’usion equation of the multicampart- 
ment migration model. The nxulticcaapartment migration model was applied 
successAilly to biological data made available by the Biology Operation. 
Results of this and an earlier study shared good agreement with experimental 
observations. 

General 

Instrumentation 

In cooperation w i t h  Instrument Research and Development, a mathematical m o d e l  
is being developed to aid in the stuUy and design of a proposed neutron flux 
monitor. 
the desired characteristics of this detector. 

An appropriate program is being written in an effort to optimize 

Division of Research Rop~gms 

The major share of program sample data has been transcribed onto IPM cards, 
and %he first draft of the magnetic tape master file should be ready about 

and half-life of correlated counting 3ata have been debugged and are ready 
for use in t,he evaluation ~f master file data. 

1. The least squares procedures for estimaking total cuunt at time zez9 

The investigation ipto the question of determining what inferences could be 
made as to reactor characteristics and/or exposure levels, given a knowledge 
of Pu isotqic cmcentration, was cmpleted. 

1 2 5 2 1 . 1 1  
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Methodolopy 

Theoretical Physics personnel have adapted the progrerm proposed in LI-2367 
"Solution of the PGeneml Least Squares Problem vith Speciric Eeference to 
High Speed Cmters" to the IBf 7090. In addition to the changes made by 
them, further modification is now be- made which viU force reduction of 
the residual SUIU o f  s ~ u a n r  on every iterati=. 'lhis should result in con- 
vergence for a number o f  cases which t o  date have blown up. 
is caUed NELJiY. 
Operat- Research & Synthesis Operation. 

The modification 
It vill be available shortly for laboratory use through 

r o r  ~ a r l  A. &met+, 
Operations Research t Synthesis 
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E'ROCTUUNCD'TG OPERATION 
MAY, 1961 

1. PZUTONIUM RECYCLE PROGRAM 

Computer Code Development. The PROTEUS 2 code wae completed during 
the month and is now used routinely. 
computing time as compared with PRcrpEus 1 is reduced by better than 
50$, while retaining comparable accuracy. 

The specific power extrapolation feature of PRGTEUS 2 was checked by 
nmning the MELEAGEFl code a t  a nmber of specific reactor powers and 
wing PROTEVS 2 t o  predict the results. The basis of comparison in 
this study wa8 the T o t a l  Fuel Cost (TFC, mills/kwhe) calcu3ated with 
a typical set of economic parameters. The percentage error i n  using 
PRCEEXYS t o  extrapolate the specific power of a typical reactor case 
is shown below: 

As exgected, the  required 

hTor in PROTEUS Extrapolation 
of Specific Power 

Extrapobted S-gecific Power, W,/T 
Specific Power 5 10 15  30 40 
of Base Case, Exposure 

MU/T E1WDIT Error, $ 

5 19,190 0 4.4 7.2 12.3 13.2 
10 20,270 -3.0 0 2.2 6.3 6.9 

30 25,540 -6.2 -4.7 -302 o 0.4 
15 20,760 -4.2 -1.9 0 3.7 4.2 

40 21,610 -6.4 -5.0 -305 -0.4 O 

By using PR(YIEUS 2 t o  generalize a 
middle of the specific parer range, shy 15 MW/T, the  resulting 
maxiphap e m r  in Total Fuel Cost i n  the above table l a  about 4 per 
cent. 
calculations in V i e w  of the great economy i n  IEM-7090 machine time 
realized by using PROTEUS 2 instead of running MELEAGm for a l l  cases. 
MEIEAGER, or  even more sophisticated codes, can always be employed 
fo r  sFecific cases when maxianan possible accuracy is desi&. 

calculation made in the 

Tbfs is  considered acceptable accuracy f a r  =?id sumey-type 
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Calculatlans in support of a flux-volume weighted b u n q  have 
been initiated. 
elementr in a reactor a c d t e  expoaure a t  80 e q U  rate, Whenas 
acxually thc iuel elaaents acc*mnalate expcsuke et veqdng rates tepzd- 
ing a their location in the r e a t o r .  
u t i l i z b g  flux and volume weiating I s  ucpected t o  lead to more aczumze 
reactor phyaics calculations, and subseqpat fuel costs. 
work i s  FeQuired, however, before pro~pumine for the 7090 computer is 
S t a r t e d .  

Pm8-t fuel cycle calcuhtlons assume that a l i  fuei 

Tha new cal.culation roatir;e 

Additional 

Tho p r o g g ;  of a new economics code calLed "The Plutonium fiei 
Value Economics Progrm", irr nearing successful completion. The ccde, 
which l a  being pmgramplad by EDPO peraonne19 computes the t o t a l  Tower 
reactor fuel costa wing s t r i c t  accountiq proceduree. 
section8 of the program, .FEFJ (me1 Element Fabrication and J'acket*,ag>, 
and RHJ (Nuchar Roce8s Cogts), are progrsmmtd. Debugging of the FEFJ 
portion of +&e p r o m  is nearing completion. 
portion 
mtial de- of the N R  portion of the Frogram i s  in prcgrtss. 

The two ma- 

Test cases of this 
recycle factors appear t o  give correct ansvers. 

A t  month6 ad, work was started to prepare and store duplicate symboiic 
and biaarg PUCK decks in Recorda Center. 

PRPPlannhg andApalys ea Activities. 
preparation and isauanca of the E-1961 FRP Annual Report. 
for each section have been designated aud prepra t ion  and -sing is i n  

Work has' been Init iated for 
Contributors 

pXQ-88 

bas cantinuad to  dwelop the most workable procedure f o r  
scheduling irradiation tests in the PRTR for the varioua R and 3 
cuetowrs. 
t o  minimize canfllcts between sxperiments and maximize the new and 
useful informtian procured. Assistance has also been prcxtded in 
scoping the fiela Recycle Pilot Plant to mmchdze capabilities and f?dxre 
flexibility Vithin available budgeted funds, 

Integration among the various programs will be required 

Studies directed at  the d e v e m t  of the econcmica of a fue l  cycle 
ut l l lz ing the salt cycle process were contiwed. 
the cost penaltyto b b O n 8  by fuels fabricated fram pl%torium-cgntaining 
materials, it appears that the plutonium which is recycle6 tc the 
reactor should be concentrated in as few f'uel elements ae possible 
witbin the U t s  of reactivity and heat generati= iqo8ed  by tae 
particular reactor system. Thue the reactor w o u l d  be heied wit5 a 
Uranium-only zone and another zone of mixed Flutanium-uranium ? G e l .  
The re lat ive sizes of such zonea are  significant factors in the manner 
In which the salt cycle plant is t o  be operated, a d  the resdting 
plvceseing cost. Other factora influenced by the zoned reactor s p t m  
include inventories, shipping costsp blendiag costs and9 of course, 
the processing plant operating costs. 
that the burnout costs are relatively insensitive t o  the sizes af tfie 
zones. 
can be modified fairly easily t o  aceammodate the present economic 

In order t o  sinimize 

Rellmimry caiculations bdics;.,ed 

It appears tht existing computer codes for f'uel-cycle e a l y s e s  
- 

study. Study of' the  problems of' remote fabrication of fuel elanents was 
I 2 5 7 ' - ? 0  . - L  LVCLAjSII;I=D 
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also Init iated t o  roulzd out the fue l  raconstitxtion cycls along 
with tke ecmomic analyeis of the salt  cycle decontamixtion 
process 

Special Studies. 
the cost of natural uranium fee3 t o  $23.50/kg U as UFO effective 
July 1, 1961 ha8 prompted the calculation of a rtew set of enriched 
uranium costs. Print-outs of the resul+s are available f o r  on-site 
use and are ahso stored on magnetic tape. 

The Atomic Energy Colmnission 'announced reduction in 

Supercritical Reactor. 
fue l  cost st.* was vl 
for varied water gaps 

me Supercrit ical  Pressure m r  Reactor (SPPR) 
.rtuaUy completed during the month. 
indicate that 1/2-inch water gaps be5ween fuel 

Fdel c3ste . 
assemblies results in close t o  aptbum fue l  costs. 
table below, slfghtljr lower costs were calculated fo r  a 9.4-inch vater 
gap, but space limitations may require at least a h a l f - b c h  gap. 

As Indicated in the 

Water Gapp (Inches) 0.4 0.5 0.7 . 1.0 

2.79 2.83 3.14 3.15 

Rote: Results calculated at  15 MW/T of contained 'u' Xith 
economic parameters as specified in the "Yuclear 
Power Plants Cost Evahation Haadbook." 

- 

A Tlumber of fuel elements were analyzed t o  determine the effect of 
specific power with the coaetreint of equal hot spot IJQ temperature. 
With this condition app l ld ,  the fue l  costs increase a t  high specific 
powers because so much parasit ic material must be Inserted in coolant 
chavlels i n  o d e r  t o  maintain equal kot spot temperatures. 
o3her hand, a t  low specific powers the t o t a l  fuel cost agaic increases 
because of nigher cost8 for interest  charges. Thus, the optirmrm f o r  
the  Supercritical Reactor amears t o  range in the neighbor3od of' -12 
t o  1 4  megawatts/ton of contained 'J. 

CIlZ the 

immxzE3 TOTAL VdTL CrsT vs. smmc 
POWER WITH GRADED CIPERAT2lM 

Specific Power {MW/T) 10 32 15 20 

Note: Results ob+,ahed wlth .sderating power maintain& c a s t a n t  
and with conditions approximately equivalent t o  those 
used i n  the previous table. 
specified i n  the "Fxlear Paver Plants Cost Eval.;atim 
Handbook. " 

- 
Economic parameters a6 

I Z U L U 2  q 9 !  I 
mcwssmm 
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The new, lcmr uranium price scheduie effective July 1, 196i w i l l  
r d u c e  the above fuel cost8 by appmldmately 20 t!, 25 ger cent f o r  
t h i n  reactor, rCaucing tbe minimma cost t o  lese t b n  2.5 
mill8 per I(tTH. The near-aptl;nrm case, C.5-in. watsr gas, will b2 
repeated vlth the new price schedule. 

Advanced Resaurized Water Reactor. The php ics  calculations for 
the revined r t w  of the APWR have been completed except for oome 
corroborative data t o  be irrchied in the appendix f o r  tfre fizal 
raport. 
follrrvad by mans v l t h  fuel con+- phtonium recycled fmn the 
prevlourr run,plry an additional aauunt of uranLm-235 t o  meet fmr 
speciiied vuktw-of the initial au l t ip l i ca t im  constant. The data 
include both batch and two type8 of graded discharge cases. 
diffemnt typarr of graded cases termed "noninterBctedn and 'I- 

interacted" rerrult frcm two s-ta 88aumptions in regard t o  the 
neutran enargg specctrm. 
that tDe neutron spectrum la constant v i t h  respect t o  time and 
witlam la the reactor. For thenaninteracted case, it is ws\rmc1 
that the spectrum doen change v l th  time for an individual fuel bundle, 
J u t  811 in the batch case, but that the time averaged multislication 
copatant can be wed t o  determiEe the cycle end-poic*,. 
gradad case i n  an operating =acto$ l a  expected t o  f a l l  between a 
naninteracted and a fully interacted graded case aa descfioed above, 
Xork is un&r way to determine plutonium value8 and various eccnomic 
minima baaed on the physics data ipcntioned above. 

Data are available for tlre In i t ia l  uranium-235 enr i ch6  rum 

The vim 

fn the fully interacted case, It I s  assumed 

A '?me" 

B. 

Evaluation 5as continuhd of the potential  hazards of aci-pplng thouands 
of Curie8 of hng-llved radio~luclldes. The work mported h a t  month f o r  
cesirrm has been arcended t o  include the ahipment of' radio-strontlian both 
as etrontlum carbonate crystals, and as the catian adsorbed on k c a l s o  
inorgaaic Ion exchange material. 

C o n s u l t i n g  aasistance haa been provided zhe Irradiation Pmxssiy 
Deprtmnt in evaluating potential  radiological hazards asscciatzd vl$h 
certain potstulated off-stsndard operating conditions. 

One mcmber of Programming participated 3 the meeting cf the GCianbla 
River Advisory Group  in Portlasd, h g w ,  d i i  the nonth, reiafive t o  
the effect  of the Plant on the Colmbla Iiiver. 

Dr. R. H. Mole, of the BtrweU, Atomic Ehergy Beeearzh Es tab i i shen t  
(England) vas the Hanford Science Coilaquim speaker on May 5 .  
is weli known as an aut5orlty 03 the biolcgical effects si radiation 
a d  is 3eputy Director of the Medical liesearch Council at the Eaxvell 
laboratory. His topic was "Z?adia%lm aa a Tcxic &ei,t", 

2re Mole 
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On Nay 3 1  R~fessor George Gawm,  of the University of Colorado 
PIJYEJICS Department w%a the third Banford Science Colloquium speaker 
f o r  1961. 
physcist and a8 a writer who interprets science subjects f o r  the 
layman. His topic was "Thermonuclear Reactions i n  Stars". Dr. Gamow 
also presented a seminar on June 1 on the subject "Molecular Genetics". 

Hanford Iaboratories off-site visitors totaled 208 during the month. 
This included 40 visitors on 32 offlcial visits, and 168 students, 
teachers, and union auxiliary member8 on 8 separate scheduled tours. 
It also included 1 Swedish, 1 Japane8e, and four British visitors. 

b. Gamar has a world-wide reputation both as a theoretical 

Y 

Acting Manager, u 
-@==ling 
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I iKDUTION PRO'EC'PION OPERATION 
REPORT FOR %HE ,WNI'H 3F MAY, i961 

A. ORGANIZA!I!ION AND P E ~ O N N X L  

Lois S. Peter, Stenographer, was assigned to the Radiation Protection Operation 
on May 8. Charles A. McCoy, Radiation Monitor Journeyman, transferred ixo the 
Radiation Monitoring Operation on May 8 from Finished Products Operation, CPD. 
Ross S. Hof- transferred into the Envirmnental Studies & Braluation 3peration 
on May 1 5  as a Technologist, Radiation Evaluation. 

B. ACTIVIEES 

There were no new cases of plutonium deposition 
total number of plutonium deposition cases that 
267, of which 194 are currently employed. 

confirmed during 
have occurred at 

the mocth. The 
Harlford reaaios 

Three minor injury cases were examiced for plutonium contaminatiozl in the Whole 
Body Counter. 
the other showed minor plutonium coatarnication estimated as i.7 x io-3 
no medical action Wen. 

no detectible plutonium contandination was found in two cases while 
Pu with 

A crew of faur IPD employees received significant skin and .%sal comdnazion at 
105-F Reactor while preparing a reactor process channel f o r  b9rescopir-g. A Cioui! 
of black dust was noted when the bayonet was removed from the process ckamel. 
The mea replaced the bayonet and hosed down the charge elevator without weariq 
respiratory protection. The Whole Body Counter showed Zn-65 depositicn mnglw 
from 0.04 pc (0.06$ mpbb) to 0.9 pc (1.5% nrpbb) and Na-24 deposition raqirg from 
0.009 pc ( O . l 3 $  mpbb) to 0.4 pc [6$ mpbb). The ??a-24 had essentially disappear%< 
in 8 days while lo$ of the ~n-65 was seen in the Whole Body Counter taker at 23 
and 3 l  days after the intake. 

Studies of the above inhalation cases involving 23-65 revealed that tLe initial 
elimination of this radionuclide WELS more rapid when i-ed than when irsastei.. 
Qne subject eliminated 68 percem of his fritisl b d e n  within twc d a p  after 
inhalation and retained only 15 percent of his irdtial burden &ter  one w,eek,. 
Of the remaining two subjects, one diminsted 83 percent 9: his initial. bur%a 
five days, w h i l e  the other subject, althoyh showing 9 rapid cleaz=xx, szi2.L 
had 40 percent of this initial burden after two weeks. 

At the Hof Semiworks Facility, whea the zwelve Cambridge f i l z e r s  31 the "PaCio" 
stack were changed, they were contaminated to io rads,/hour. One w a s  i ouc i  
-ed. Patio stack emissions since then have been on the orde? of 1 
of strontium per day with a msximua emiss-lon of 99 pc O C C L T ~ ~ ~  in m e  



G-2 HW-69822 

The process stack emleeion, since the s t a r t  of the se amtion of atrontiun at 
the HO+, S"i""r3 so 0955 ~ a ~ r  haa been 8.8 x 10'scuries of strontium 
(about 2.7 x 10 curies of - The high stack emissions should be reduced 
when a backrp, f i l t e r  5s installed. 
the star+, of the third mm. 

!This work is scheduled for completion by 

A t  the plutonium Recycle Ttst %actor incremental attainment o f  power levels 
t o  15 Mw -re supported by studiea evaluating shielding adequacy, neutron 
Crn changes, dose rate m e s ,  p a c t e l  activetion, curd Birborne contaminstion. 
S e v e r a l  abield locations showed evidence of beams; tbe mximm found at one of  the 
flux manitor iq channels ORLB 460 d h o w ,  -1- 450 mr/hour. Dose rates 
t o  2 raaa/hour were found in the m r  access ma.  ~htal a c t i n t i o n  MB not 
in mdence. 
t rs t ions ranging to 2.3 x 10-5 pc/cc, identifled as nudldea in the I& and X e L 3  
chains, Bpreveilcd throughout tbs vessel. 
were ellminatad and air concentrations had decreased t o  values approaching 
10-9 w/cc when the reactor was shut down late in tbe month. 

An air cautamination problem was encountend a t  5 Mw whe concen- 

Eumroua leaks In the heliun system 

A relerwe t o  the atzmaphan of particulate fission product contamination 
occurred in the 327 BuiUing as a result of a faulty, overloaded, o r  ImpAzoperly 
seated filter. Operations in B C e l l  were suspended unt i l  a filter chemge could 
be effected. Initial estippaks indicate appror!tely 0.1 curie was discha,-@ 
t o  the atPPorphem. 

'Pbrse aerial - t o m  -ta were made durlng the month which campleted 
background surmys w t t h  the MaZ cryatal  for all proposed fU.ght prrtterne. 
of the r a d i k t i v i t y  irom sandbars located in the Columbia River near Astorla,  
Oregon wen higher tbsn expectad and f U o q  surveys alll be conducted t o  define 
the ac t iv i ty  =re 8ccurate4. 

Readings 

The Automatic Colunbia River Monitoring Station operated sat isfactor i ly  during 
the entire month. Unscheduled dovatlane vas United to approxi~=tely three hours 
d x t o  a failure of the Jet  p w .  The syetem was r e c u b r a t e d  for response t o  
Co following installation of the soUd state amplliiers. 

Ea- evaluutiona contirrusd on the potential h a d  associated with the ehlp- 
ment af multicurie quantities of radioisotopes of strontium and cesium. 
maha t ion  of CslP wa8 e s ~ e n t i a l l y  campleted. 
of the consequences of a 

The =jar design c r i t e r i a  of the -1s Recycle P i l o t  Plant (FRPP) were discussed 
at  a nunber of meting6 throughout the month. Linear air f l o w  rates for the two 
mor cella hsve been agreed upon. 
mate-; high density concrete haa been replaced by ordinerg concrete in 
s m r a l  instances by using thicker walls.  

The 
Work also continued on evaluation 

credible accident in the I?ule Recycle Pilot P W t .  

Several changes have been made in shielding 

Two sets of radiation instrumentation 
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requirements have been presented; one proposing a complete system based on the 
total avaiiable instrumentation technology and the other based on the bare 
minimum instmnttktion required to provide an operable facility. 
layout, radionuclide sampling, material handling, and waste disposal fes+ures 
of the facility are fairly w e l l  scoped. 

3ulldiag 

At the Calibration Buildin& improvements in the radium source rupture monitoring 
system are to be added to each source well to provide prompt signals of any 
source ruptures. 
of the aseocfated air sampllng pipe srrsngements. 

No major problems ahodd be encountered in the installation 

A device f o r  pressure coding of dosimeter film from temporary personnel dosi- 
meters was built using a modified perforator. 
pressure to give the required darkening. 
not possible to stretch the film unifom3.y over the area of a coding dot to 
produce a density acceptable for automtic reading. 
marking the binary code on temporary personnel dosimeters, in lieu of pressure 
marking, is being studied. 

Criticality dosimetry measurements of the bgular dependence were made on the 
moderated f o i l  criticality dosimeter system. Exposures at angles to the long 
dinmuion have been made and the data are being analyzed. 
for 300 moderated foil criticality dosimeter units has been issued. 

Neutron doeimetry studies of the specially-built solid state neutron dosime+,ers 
were continued with sufficient data collected to indicate that the forwixtd 
current and resistance meaaurements of unirradlated silicon diodes are reproducible 
to within 0.3 and lifetime measurements are reproducible to about 1.54. 

It could not provide sufficient 
Further tests also proved that it was 

A system to be used for X-ray 

A purchase requisition 

Preliminary studies on two lead pin-hole cameras indicate very good opticei 
performance from a 0.013 inch optical aperture. 
istics were also given preliminary stuly. 
with a 1/8 inch aperture, the response appears entirely satisfactory. 
has been given a high priority for completion in view of +h potential immediate 
application in studies of the shielding at the PRTR. 

Radiation performance character- 
While some fringe effect is encauntered 

This pzcgmun 

Four 40-liter ion chamber instrulplents for law level dose measurements bave been 
assembled and calibrated. 
be- attached to the instrwnenta which will soon be &e available for special 
survey appiications through the CaiibratloES instrument pool. 

c .  'mps m VISxmRs 
R. F. Foster represented the U.S.A. on the 'IAEA Panel. on Disposal of Radioactive 
Waste to Fresh Water held at 'Jienna, Austria on May 5 io 14. 

Calibration curves and operating instructions are 

RPO staff members met with state and federal officials during a peziod2c CRAG 
meeting held in Portlana, Oregon on May 3 and 4. 
a US= evaluation of persona sxposed to HAP0 gzigin ,=adionucli?es. 

Anw3g the items discussed was 
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P.. F. Fostermat with the Industrial Waste C o d t t e s  of Pacific lOorthwest 
Pollution Control and attended the Pacific Tlorthwest Industrial Waete Confer- 
ence at p~llman, wasmon. .May 24 - 26. 

H. Q. Ihrppsrt participated in a traininglextrcise at Mercury, nevada, May 8 
-ugh 12. 

IC. R. Held presented a talk entitled, " m e r  Shelter - Then What?'' t o  mem- 
bers of the Begion 
~ e g  18. end ig. 

cansultstions on film d;astmhw were p F o ~ l ~  on 
Newport loemi Shipbuilding Conrpuw, V i r g i n i a .  

Nelson Gezdlner of thh' lblmrrrlty of Celiiornia discuesed plutonium hooda and 
encloo.rpas on May 3. 

C i a  Defense Council  Conference at Boise, Idaho on 

22 to W. L. G ~ U  of 

011 Ekg 2,- 3 stdents fkom Yakimrr Junior College .and on Msy 18, 28 strrdcnts f'rarm 
Odessa and Selah High School v l a i t e d  the Calibretiona Building. 

D:. * 

Seven suggcslione wcrc subltted by perscanel of  the^ Rsdistion Protection 
Oyers t ion  during the mnth, bringing tbs yesr to date t o t a l  t o  twenty-two. 
One suggestion w b ~  adopted ant3 none rejectede 
by Rpc) personnel pending evaluation. 

There were three n&ical treatment. iaurtes during the month fo r  a frequency of 

Sixteen suggestions subsdtted 

1.22. NO. Securi ty V I O b t i O M  OCC- M a y e  

RadAation Protection trrrfning included: 
studcnts at  the Unlnrsity of Washington; orientation on specific aspects of 
H a t i o n  protection to maintenance personnel, petrolmen, firemen, c r i t i c a l  
IIIBSS facility pemonnel and t o  the personnel of a HAP0 subcontractor. 

E. s I a m * m m  

HW-69723 

aW-69561 

HW-69817 

S e v e r s l  lectures t o  the AEC Fellowship 

'%xisting and Proposed S t U e s  at HAP0 Relating t o  the Columbia 

'%a& -8 for Cesium Shipments" by E. C. Watson, R. L. 3mkizsY 
and J. J. Itquap 

''Monthly Report - May, 1961, Radiation Monitorinq Operation" by 
A. J. Stevens 

mmr" by&. F.. FOS- 
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Hw-67245 REV "Hanford Whole Body Comter Results fo r  1960'~ by F. Swanberg 

Undocumented "Status of Knowledge of Columbia River Conditions" by 
R. F. Foster 

I'A Sensitive Pocket Doslmeter Reader" by H. V. Larson was published i n  the 
''Health Physics Journal". 

%esistiag Chsnges in Electron Irradiated Graphite" by I. T. Myers, H. V. Iarson, 
and J. S. Lads WBS prepared f o r  presentation at  the Fif th  Conference on Carbon. 

"Waste Control a t  the Hanford Plutonium Production Plant", authored by R. F. Foster, 
R. L. Junldns, and C .  E. Linderoth was published in  "Journal Water Pollution 
Control Federation". 



Satnple aad 'Location 

Drinking Water 

100-F &ea 
Separations Areas 
pseco 
mumwick 
E i C U  

Col-ia River Water 

Abopa  100-B Area 
100-F Area 
Heniord 
Pam0 
M c B w  Dsm 
Vancouver, Washington 

Activlty 
'pypa 

Isotopic 

Isotopic 
Isotopic 
Grose Beta 

Om88 Beta 

Gross Beta 
Isotopic 
Isotopic 
Isotopic 

Isotopic 
Gm88 Beta 

Monthly 
Average Units - 

1.4 x 10-l3 w/cc . 
0.8 . Combined curies/day 
1.9 ptle/loO m3 
0.04 ptle/100 m3 

Vernation (control l i m i t  f o r  vegetation is 10-5 p 1'3/g> 

Separations Areas 
Re s i dent ial 
Eastern Washington and 

113 a - 5  x 10:: w/t3 
119 a . 5  x i o  w/g 

Oregon 113 no Samples 

Yl!he $ MPCw is the percent of the rnadmum permissible Unit for  occupational 
e m s u r e  t o  the gastrointarrtinal tract calcu lated from drinking water limits 
contained in ItW Hsndbook 69. 

mylre $ MPCfiI is the percent of the w u m  permissible concentrations f o r  
persons in the neighborhood of controlled areas f o r  continuous exposure t o  
the gastrointestinal tract calculated from drinking water limits contained 
in mBs H8ndboolL 69. 
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Whcie Body 
2 
3 

Paired R e a d i n g s  Paired Eeadings 

2 
o m  280 mr Processed 100-280 mr 

4,054 32 
280 

M Y  
i961 %a Date 22,842 0 1 5  

-my 9..765 1,024 
i96i +A 

Date 50,199 437.19 

Roceaeed 

2 c) 0 I.’ 

0 0 .q 
0 
0 

50 
314 

14 
72 

Male - Female 

45 
9 
0 

0 
0 
0 

13 0 13 

0 

Bioaaaay 

?F 
545 

UC 
12 

Deposi+,ion Cases 

Aamyed 
sbo7e 2.2 x 10-8 

Bu/eermple 

- 641 F i a a i m  PrcducC,: Samples Assayed 



27.1 . 4.3 
0 0 

u.2 3.5 
0 0 

60.,6 5.2 
23~. 19.1 
2 k L  17.6 
201 1.9 

50 
0 
24 
0 

33 
2 

I 2  
5 

30.8 3.8 
G 0 

39.0 4.6 
0 0 

55.0 5.0 
0.3 8.3 
0 0 
0 0 

+Sa@e8 takm prior to aud after a spccif',c job sing work week. 

%=5 
41,909 

Lbg,941 
230,066 

32 
61 
2 

957 4,583 
260 1,193 

2,753 
004 

496 
193 

Miss-ecus Special Services 1,028 4,533 

Tctsl. P&CT of Callbrations 5,m 23,w 

Radiation Protection 

55 
0 

24 
0 

2 
0 
0 

36 
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LABORATORY AUXILIARlEs OPERATION 
MONTHLY RFSORT - MAY, 1961 

GENERAL 

There were no security violations charged ta the Operation. 

There were no maJor injuries;  the minor injury frequency ra te  w a s  2.36 
for  the mnth  and 3.02 for the year-to-date. 

TECHNICAL SHOPS OPERA!PIOL\T 

Total productive time for the period w a s  21,418 hours. 
17,892 hours performed in the  Technical Shops, 3,222 hours assigned to 
Minor Construction, 38 hours assigned to other project shops and 266 
hours assigned to off -s i te  vendors. Total shop backlog is  20,247 b a r s ,  
of  which 6 6  is required in the current mn th  with the remainder dis- 
t r ibuted over a three-month period. O v e r t i m e  hours worked during the 
month w a s  6.7$ (1,449 hours) of the total available hours. 

This includes 

. 

Distribution of time was as follows: 

M8n-houm $ o f  Total 

Fuels Preparation Department 3,420 16.04 
I r radiat ion Processing Department 1,457 6.8$ 
DhemiceJ. Processing Department 68 5 3.2$ 
Hanford Laboratories Operation 15,593 72 
Construction Engineering & U t i l i t i e s  23 
Miscellsneous 240 1.1% 

Requests fo r  emergency service increased sharply, requiring an overtime 
r s e  of 6.7$,comq,ared ta 5.a f o r  the previous period. 
a t t r ibuted mainly to shop work required by the P a .  

This increase is  

There were eight medical treatment injur ies ,  which i s  considered no& for 
t h i s  type o f  operation. . 

CONSTRUCTION OPERATION 

There were 5 1  existing J. A. Jones Coqany orders  at the beginning of the 
mnth  with a total  unexpended balance of $71,504. 
6 supplements and adjustments f o r  underruns anraunted to  $104,498. 
*urea during the month on Hu) work were $52,069. 
at  month's end w a s  $123,933. 

Sixty-eight new orders, 
Expendi- 

T o t a l  J. A. Jones backlog 

UNCLASSIF'IED 
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Ordere ct;esr,andbg beglnnlng of m. 50 69, 924 1 1, $0 
Issmd during the mo.(Inc.Slqz.(bAdj.)68 104,498 
J.A. Jones e4endi-s during m. 

@lc. C.O. Cos%s) 52,069 
Bahnce a t  mn+,h's end 60 =, 353 1 1, Sec 
O r d e r 8  &sed durFng m. 58 88,429 

There -ere 1 5  au3brized projects at mnth's end w i t h  t o t a l  authorized 
a d s  of  $3,033,000. 
$8,338,000. 

The total estimated cost of these proJects is  
The eqendi tur ts  on these pro jects thmugh A p r i l  30, 1961, 

were $898,000. 

The fol3cwing sumwudzes the s+atus of FM) project activity: 

Yumbcr of auzhorized pmjects at month's end 1 5  

1 Number of new projec%a kathorized during the mnth: 
C A a - g r l  - Additions +a m-Ca Building Waste 3reatsrent 

DemDnstratlon FacUty 

Projecta comple+Ad during the mnth: 
CAB-870 - Faclli ty for  Recovery of Radioactive 

Materials - 325-A Building Addition 

1 

New project proposals submitted +A AEC d?arlng rrronth: 2 
CAB-927 - Additions to 271-CR Buildiag Was*& Treataent 

CAB-932 - Laborstory Waste Retention Facili5ies Eqansfon  
Denmetration Facil i ty 

New projects awaiting AEC approval: 
CAB-917 - Field Service Center 
CAB-932 - Lsboratory Waste Retention Fsci l iCes Expansicn 

~ 

Pmposals complete o r  nearing zompletion axe aa follows: 
Safe$y and Operating bpmvementa - 231-2 Building 
Modification +A H - 1  Loop - 105-H BuildFng 

CGH-93: -Metd Storsge BuildLng> and CAB-936 - Coolant Systems D e n l q -  
men: Laborstory were C,ransmir,ted +A Contrsc+; Accountlng, but did nct gc t9 
%he Commission during the mnth. 

UNWS=FIED 
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Engineering Servlces 

Engineering work performed during the mnth  included the following 
l is ted m ~ j o r  items as w e l l  as scope engineering for  project proposals. 

T i t l e  

Pressure Vessel and Piping Systems - 
Engineering & Inspection Servlce 

- 

"Split-half" Machine f o r  Cr i t i ca l  
Mass Studies 

Control and Safety Rods for  Tamper 
Tank (Cr i t ica l  Mass) 

Elec t r ica l  lbdif icat ions - 3702 Bldg.  

Special F i l t e r  Changer - CWS 

Materia Handling System and Other 
Shop Bprovements - 328 Building 

a) Material Haadling System 
b) Coating Process fmpmvements 
c) Chuck Handling Procedure 

Status 

This is a continulug work program on 
H U  vessels, pressure systems and 
related safety devices. The work 
includes not only periodic inspection 
and engineering evaluations of p lan t  
pressure systems but engineering ser- 
vice during design, fabrication, in- 
s ta l la t ion,  and operation t o  W com- 
ponents havlng process devlces 3ub- 
jected to high pressures and tempera- 
tures. Code engineering sezvice work 
is being performed on PFlTR systems, 
Breakaway Corrosion Loop, and Equip- 
ment Pro jects.  

Mechanical design of machine is 
essent ia l ly  complete. E lec t r ica l  
design work remains. Components 
hsve been purchased and are being 
assembled. The special  instrmenta-  
t ion  fo r  remote control is designed. 

Development wurk is being performed 
p r io r  to completion of design. 

Field work is delayed pending avail- 
a b i l i t y  of craftsmen. 

Materials fo r  tes t ing  of a praposed 
design using p l a s t i c  bags and shielded 
car t  is now on hand. 

Engineering work i s  e s s e n t i u y  complete. 
Material i s  ready. 
performed during June. 

Field work Wpll be 

UNCLASSIFIED 
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Tit le  - 
Electrical Load lmprovemcnts - 329 Bldg.&ad studies are complete. Engineering 

Material is on order. design complete. 

Design is being performed and a work 
order for construct,lon has been 
mXQWd* 

Induction Heating U n i t  - 3 4  Bldg. Design complete. Installation work 
bas S-d. 

Instdl 200 IM Motor-Gancrator S e t  Design complete. CPFF contractor w i l l  
in 306 Building Install. 

crane overhaul - 3 4  Building 

Study  - warehouse oriice bpace 

Work is proceeding. 

Work complete. 

Arrange mace and Ins ta l l  u t i l i t i e s  
ior business mrrchincir - 3760 Bldg. 

Work essentially complete. 

Source Poritioner - 3745 Building Deeim complete. Material on hand. 
Work is temporaFily delayed due to 
higher prior i ty  work. 

Zone lbdlficatlona - 325 BulIding Field work is plnnned t o  start during 
Air Conditioning System suly* 

DFaitinu eund Design Services 

Work load in TO6 Building drafting mom is constant with some overtime work 
required. 
The equivalent of 138 design drawlnga were completed t h i s  month. 

Major design and drafting work in progress includes the follauing: 

1, 

Branch Of'flCCS in 306 and 308 BulldLngs have l i g h t  work loads. 

Process Tube Monlbr Mark III - 6 dwgs. required - 80$ complete. 

30 S h r o u d ' R a p W n t  Toob - 20 dwgs. estimated - uork temporarily stopged. 

4. Waste Sludge Sluice System - 60$ complete. 

5. Flux Measuring Device - 6 dwgs, required - 80$ con@ete. 

6 .  Arc Melt Hood - 6 dugs. reqyired - e complete, 

7. 

8. 

Conductivity Insert Model I1 - work temporarily stopped. 

F i l t e r  design - SR-90 - 5 dwgs. rewred - 35s complete. 
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9. 

10. 

Special Tools - PRIR - 50 dwgs. required - 75% complete. 

Autoclave Fac i l i ty  Modification - 5 dwgs. required - 705 complete. 

Plant Maintenance and Operation 

April costs were $159,610 which is 100.7% of forecast. 

Analysis of costs 

The expenditure to date has risen 0.8$ to lOO.7$ o f  the forecast. 
chief factors in t h i s  are gre,ater than expected improvement maintenance 
BctiVity and higher than ewected steam consumption. 
has been intensif ied t o  bring the expenditures within the budget. 

The 

Work order control 

Improvement Maintenance 

I tem - 
Relocation and al terat ion $ 6,856 
Repsinting 4,690 
Reroofing 3, sal 
Elec t r ica l  Modifications 6% 
P ip  ing Mo dl f i c a t  ions 3,349 
H&Vent Modifications 5,945 
Crane 

W a s t e  Disposal and Decontamination Service 

The f m n t  end of ‘ the l iquid waste t r a i l e r s  have been shielded with lead 
to provide added protection f o r  the t r ac to r  drivers. 

Studies are being continued towards be t t e r  and safer  waste handling systems. 

Plant Engineering and Miscellaneous 

Approximately 21,OOO square f ee t  of p r in t s  were reproduced during the month. 

The total estimated value of the 18 requisitions issued during the month 
was $68,000. 
projects.  
in areas requiring special  radiological protective apparel. 

28Snting is being continued in 325 Building. 

The majority of this procurement ac t iv i ty  is for approved HL 
Hew signs are being pmcured using standard terminology f o r  use 

Elec t r ica l  b a d  Studies are being made in 325 and 3760 Buildings. 
l ight ing panels are being ins ta l led  in 325 Building. 

New 

UNCLASSIFIED 
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TECHNICAL m m o N  0PE-m 

Mrs. Mildred Heatvole of S a u l  Herner and Company, Washington, D. C., in- 
te-ewed HAP0 personnel about the A E C ' s  technical infomation pmgram. 
Fifty-eight scient i f ic  sad technical personnel (a random sample) and 
twelve +&cbnical information personnel were' interviewed. 

Two classification mems were distributed to the fleld. Titles are: 

~w-63m "Claasification: 
HW-69662 "Classification: Document Titles" 

mPR -1 Element Work" 

A series of local classiffcation guides for Hanford are being'prepared. 
A recent hvls ion o f  AEC Mauual Cwter 3401 on Classification designates 
the present Hanford Classification Guide as a pmgrem guide end pmvlcles 
that local &des prey be issued based.on the pmgrrrm.guides. 

A number of chan~qes in Sections 100 (General) aud 200 (-1 Element 
Preparstion) of the aanford Classification G u i d e  have been submitted to  
HDO. 
current AEC classification policy and to provlde a more  suitable pmgrsm 
guide on which thcqbase the local guides. 

These changes are intended to bring the Guide in the line with 

A t  month's end a backlog of 29 reports existed in Technical.Publlcations. 
The resultant delays in the publication of reports are getting growing 
attention from Research and Development components. 

A major b i b l l o m h y  on the Columbia River was completed by B. B. Lane 
aud Nelson Hope, 

The miczmfUming of  F i l e s  &ament holdings in the Records Center was 
substantially coqleted early In the month. 
older bcumente in the Files vault. 
progrm, to make more  f i l i n g  space available in the vault, is now being 
attained. 

On May 9, work began on the 
The objective of the micmfilming 

O v e r  5,000 classified brronents in the S-series were destroyed during the 
month. 
obsolete and of no future reference value. 

The mechanization of  the Flies issuance, muting, and W g  acfivit ies 
is proceeding as schedule. 
M a y  22 and a m o c k - t ~  of the Files inatallation has been made Fn the con- 
ference room of the 705 Building. 
the Plant and appear to be as ordered and ready t o  use. 
f o r m  are on hand. 
change has arrived and the balance I s  exgected shortly. 
operator has been selected and is being t m e d .  
a u t  have d l  been keypunched. 

"he documents in this series are operating log books which are now 

The IBM Card-e-type ewpment arrived on Plant 

The Flexwriters ha- been received on 
A l l  the necessary 

P s r t  of the special office furniture ordered for t h e  
The Card-s-type 

The l 3 M  cards needed fo r  
A work sheet has been devised which gives 
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step-by-step instructions to abstrac+ars, issue clerks, and Card-a-type 
operator concerning the processing of new documents under the system, 
The building changes required f o r  the mechanization pmgram are completed. 

F i les  was recently not i f ied by the  AEC Office of Technical Information 
Extension tha t  Eurochemic documents, a l l  of which are unclassified, c m  be 
circulated only t o  &-cleared personnel. 
struction, ORNL has been asked t o  send future Eumchemic documents +& 

Technical Information, ra ther  than t o  the loca l  recipient as has been 
pas t  practice 

Work Volume S t a t i s t i c s  

In order to carry out t h i s  in- 

Dccument Distribution and Fi les  

Documents muted and discharged (copies) 
Documents issued (copies) 
Documents sent of f - s i te  (copies) 
Document reserves f i l led (copies) 
Documents pi'cked up and delivered 

Do cument Accountability 

Holders of c lass i f ied  documents whose f i l e s  

Documents inventoried i n  F i les  (copies) 
Documents destroyed or retired (copies) 
Doclanents revised (copies) 
Documents pulled and documents f i l e d  (copies) 
Documents rec lass i f ied  
Documents microfilmed 
Accountable copies of SECRE!C and DOCtMENTED 

were inventoried 

CONFIDENTIAL documents on-site 

Reference and Publication 

Books cataloged (new t i t les)  
Books added to the collection (volumes) 
Ready reference questions answered by 

Ll teratare  searches by professional staff 
Reports abstracted ( t i t l e s )  
Formal r e p o r t s  prepared ( t i t les)  
Off-site requests f o r  HAPO reports (copies) 
Reports released to CAP ( t i t l e s )  

professional staff 

A p r i l  

29,057 
14,206 
6,630 
693 

18,889 

638 

16,601 
1,701 
22,654 

781 
3,772 

199,886 

-- 

152 
374 

145 
go 
296 
12 
306 
24 

May 

22,313 
15,471 
8,939 
691 

20,261 

278 

u, 625 
1,450 
17,982 

279 
4,252 

191,947 

-- 

137 
303 

220 
77 
302 
13  
421 
35 
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Library Acquisitions and Circulation 

Books ordemd (mlmme) 
Periodicals ordered 
Boob cirzulated (volmpcs) 
'Periodicals circulated (issues) 
Bter-LibFary loans 
Films borrarrd o r  rented 

Bound periodicals added to the collection 
Bound periodicals Uscarded 

lhduetr ia l  f l l m  ehcn&.lga 

April 

3 8  
174 

1,647 
3,412 
9 
18 
106 

5 
0 

Library Collection : 

Ind.Med. Total Maia Lib- W-10 Lib- 108-F Lib- 

&,of boob 3,534 8,643 1,793 2,051 44,021 

MOoOf b a d  
periodicals 14,501 14 1,892 6 16,413 

46,035 8,657 3,685 2,057 60,434 
- - - - - 

Classification and Declassification 

Documents, including drawings and ghotogr~~hs 
redewed for downgrading o r  declassification. 

Docrrmcnts and p q e r s  (intended for o r a l  
presentatiaa or publication) reviewed for 
9Ppqriate classification. 

Documents submitted to Declaesiflcation 

M9y April 

45 35 

29 59 

3 2 B m c h ,  Osk Riw. 



Tb. Jo PO Head, 
mat wu amle ted  IS o r  5-31-61. 

Contract (W-73) wam completed 5-24-61. The M & M apportion- 

'1zliS WJacf provides necerrcrary ~diiicetione to &sting eqylpnent to s-te 
mra i a v m  irr-reactor 0-t- conditions in out-of-reactor facilities for 
rarecrrch rrrd davelopaent atudies. 

The m c t i v e  authorizing t o t a l  fund8 of $145,000, has been received and constructfon 

The high 89cad valve assembly order hae passed the wItne88 test satisfactorily and 
w rb8lOPhd 5-29-610 

B h i E c p c n t  is SntiCimtad by 5-26-6i0 

* A  &8ed schedule I s  being pepared reflecting the authorized extension of time, 



I 
59 I 43 "'l- 100 

I 

Fadlure of fixed price contractor to complete work on schedule is delaying the 
s t a r t  of the CFlT Contractor'rr work. 

* Does not reflect the pro@eee made on G. E. procured items until such items - are izurtsllad. 

S C U M  M A N D A Y  

P I X I D  PRICE 

CO8T PLUS CIXCD CCC 

P L A N T  C0RC.S 

A R C ~ I T C C T  - SNOINCCR 

OCSIQN CNOINCCRINQ OPCRATION 

Om ?lCbD CNQINLCRINQ 

This project Kill provide facillties f o r  determining 
properties of M a t e d  materials, and involves the installation of a cell in 
the 32'7 Building. 

A project proposal revision requesting the total construction funds is in 
priparation. 



coat  w u a  n x c o  ccc 
P L A N T  C O R C C I  

A R C H I T E C T -  CNQINCCR 

DESI QN CNOINC E R I N 0  OCCR ATION 

QC CISLO CNQINCCRINS 

I I 

This project will provide facilities to prepare specimens from irradiated materials 
for use in determining their physical and mechanical properties and involves the 
installation of a cell in 327 Building. 

Construction started 5-15-61, on footings for the cell support walls. 
construction schedule is being prepared. 

A 

Procurement is progressing satisfactorilyo 

PLANT C O R C ~ S  

ARCWlTCCT - LNQINLCR 

D C I l Q N  C N Q I N C I R I N Q  OPCRATION 

0 9  P I C L O  LNQINCCRINQ 

C P f f  

This project will a l l o w  greater capacity for analytical work involving Today's more 
highly radioactive solutions and consists of adding a shielded laboratory to t h e  
325 Building. 

HOO-AEC Directive Hn-492, dated April 20, 1961, approved the project and authorized 
the incurrence of costs in the amunt of $700,000. 
June 309 1962, 
$153,000 to General Electric 

The directive compi%ion 5la.ce is 
Work Authority No" ~-866(2), dated April 27, 1961, authorized 

The advance construction notice has been issued and the bid gackage vas issued 
May lj wlth the bid opening on June 1, 196~- Proc-nsment activities have befn 
e+ n 4 .- 1 



H-12 
69822 nw- SEMI -MONTHLY PROJECT STATUS REPORT 

5/31/61 Q I W C R A L  C L C C I R I C  CO. - O A T E  m b m t o r i e s  
I CUNDINQ 

REw-pcw8lklAg 
Y ANPO 'IC R A V C R A  QC 

C1X.D CRICC 

COST PLUS WXCD CCC 

CLANT C O R C U  

AIICWITCCT- ENOlNlCR 

DCSION CNQINCCMN4 OCCIIATION 

0. C(CLD CN@lNSCII8N4 

25 0 

811 deal= d r a w  and constnrction specifications have been approved. 

* Detail Design. Scope design star ted 11/2/59, and completed 3/15/60. 
atcr p a t  construction was scheduled f o r  s t a r t i n g  3/1/61. 

These M e  not bear released for b i d d l q  as yet. 
four months behind schedule as a result. 

&sign drawings and 
- -  spec8 f o r  water plant and holdup tank forwarded t o  AEC-HDO early in February. 

The proJect is approximately 

cnw. NO. I CUNDINQ 

CAH-870 I FacUty for Recovery 
AUTHOIUIZCD CUNW [ DuloN ~ 16-m 

COST PLUS CtXCD CCC 

PLANT CORCCS 

ARCHITLCT - CNQINCCR 

DLSIQN CNOINCCRINO OCCIIATION 

FIELD CNOINCCRINO 100 100 I 1c)o 
SCOPC. CURPOSC. S T A T U S  b CROQRSU 

This project w i l l  provide a facility for recovery of specific radioisotopes from 
mstes, and involves an addition to the 325 Building. 

Physical Completion date is 5/3/61. 
Construction Company are pending. 

Two claims to ta l ing  $13,000 from h-iangle 

r 
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GENERAL ELECTRIC CO.  - abora to r i e s  

c o w  PLUS n x c o  ccc 
P L A N T  CORCCS 

A R C W l T C C t -  CNOINCCR 

OLSION CNOINCCRINQ OPCRATION 

5. WCLD LNQINCCRINO 

HW- 6 9 2 2  

O A T €  5/31/61 

I 1 II I I I 

SCOPE. PURPOSC. STATUS b P R O O R E I S  

This project provides additional space f o r  biological research supporting servIc06,. 
and involves an addition t o  the 108-F Building. 

A rough draft of a purchase requisit ion has been prepared f o r  fabrication of the 
Radiation Source Bandling Facility. It i s  expected the AEC will request Gzneral 
Electr ic  t o  process a purchase order f o r  this f a c i l i t y .  
that about f i f t een  (15) bid packages have been dis t r ibuted t o  lump sum contractors. 

AEC has indicated 

C I X C D  PRICC 

COST PLUS FIXED P I C  

P L A N T  CORCLS 

A R C H I T E C T  - CNOINCCR 

D C I l O N  CNOINCCRINO OPERATION 

Q C  FIELD CNOINCCRINO 

I I II 1 
SCOPE. PURPOSE. S T A T U I  b CROORCSS 

This project involves a f a c i l i t y  f o r  deliberately rupturing t u b h g  t o  es taXiSh 
service conditions. 

The walls have been poured and preparations a re  being made t o  pmr t h e  f l o o r  s l a b  
and roof., Frocur-ment ac t iv i ty  f o r  the mechanical compnznts is .m.lervay, 

It is expected the contractor w i l l  be back on schedule in the near fu ture ,  
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mxao caicI: 
COST PLUS n X l D  C l l  

PLANT C O R C U  

ARCMITlCT- l N 0 1 N l l R  

O U I O N  .)rQINlKRlNO OCRRATION 

0. V9SLD K N Q l N l l R l N Q  

WW- 6922 

A C .  T i t  I I 

-*ST* IO0 NS NS 
cc 
CCCC 

n 
1 165 

CIXRD P R t C l  

C 0 8 t  PLUS C l X l O  C l l  

PLANT CORCES 

ARCHITECT - I N O I N I K R  

D l S I O N  C N ( 6 1 N ~ l R 1 N 0  OPERATION 

01 C I I L D  CNQlNlLRtNQ 

Planned installation start date of 4/17/61, has been postponed, because of highs= 
priority uork, by the 100-AM:. 

A t  TIT. I I 

I O 0  9 0 CWIST. 

cc 
C?CC 

n 

Firm start date f o r  installation of ewpnent has been requested from the AEC. 

* Accepted by the General Electric Company k/17/61. 



. 

ll fp 
I 

COST cLua D XED FEE 

P L A N T  CORCES 

ARCHITECT- C N O I N C E R  

DESlON C N O I N E C R I N O  O P C R A T I O N  

0. C4ELD C N O I N C E R I N O  

A>- TIT. I I 

CONST. 

PF 

CPCf  

fP 

CONST. 100 

Pf 

CPff  

fP 

I 
I 

100 

Title I1 comment issue of specifications and dtsign were receivod from tho AEC, 
A meeting vas held 5-17-61? and comments were submitted. 

* Bovay Engineers. No design schedtlle is planned for a i s  project. 

PIXED P R I C E  

coat  PLUS mxco PIC 

P L A N T  C O R C C S  

A R C H I T C C T  - C N O I N C C R  

DCSlON C N C I N C C R I N O  O P C R A T I O N  

S I  C I S L O  E N O I N E C R I N O  

10 CPCf  

I I II I 

SCOPC. .CURPOSC. S T A T U S  b PROGRESS 

This project is to provide a facility to perform a fd.l scope of engineerlng t% .s ts  
and pilot Fhnt studies associated with fuel reprocessing concepts. 

Final building layout is still being determined. 

Three dravings have been issued for inf'ormation: 
Master Flow Diagram; Waste Piping Diagram, 

Process Piping Schematic; Venttlsricn 
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I T A R T I N 0  MTC AUT)(ORILLD 

PlXK0 -IC 

CL INT C O R C U  

ARCHITKC?- CNOINKSR 

D U I O N  KNOJNKKR1NO OC8RATION 

OK RKLD KNOINSKRINQ 

IIcrrr I I I 

SCOC8. CURLOIC. STATUS 6 CROORCSS 

This  pmJect will provide facilities necessary to conduct atmospheric phyaics 
research and developnent pogrsme. 

The project proposal VBB held up temporarily by the AEC. 
made to  page 4, at the request of the AEC. 
the local AEC. 

A minor revision was 
The proposal was then approved by 

* ~ a s e d  on AEC authorization by 6-15-61. 

KNOIY K KR 

He R&W 

CONST. 

YANCOW SR A V K R A O K  A C C U I  M A N O A V S  

CIXKD CRICK I 
COST PLUS CIX.0 CKK 

PLANT CORCKS 

ARCI I ITKCT 0 KNOINKKR 

OKSION CNOINKCRINO OCKRATION 

OK CIKLD KNOINKKRINO 

I I 11 I 

ICOCK. PURCOSK. S T A T U S  6 CROORKSS 

ThlS project ViU provide a second whole body monitoring c e l l  in +,he 7L7-A Buiidulg 
to  increase the capacity of the Whole Body Counter Facility to meet projscted needs, 

This project proposal has been returned by the Commission without action, and reporting 
VlU. not be continued. 

c 
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GENERAL ELLCTRlC GO. - Hanford Laboratories 5/31/61 DATE 

PLANT roncca 
ARCMITCCT- CNOINLCR 

O I l l O N  CNOINCIRINO O C I R A T I O N  

O I  W E L D  CNOINCCRINO 

FEO - OM L ~ S O  
AVCRAQC A C C W  MANDAYS Y ANPOWE R 

f l X I D  C R l C t  

coat  C L u a  CIXCD ccc 

TITLE I 

Ge-TIT*ii 

AE- TIT. I I 
NS 6c 

Thia project will supplement existing cooling units, thus providing cooling air 
supply commensurate with heat load and outdoor temperatures, 

Directive AEC-188, dated March 8, 1961j authorized the project and assigned 
management to the AEC. 
Specifications for the cooling units were submitted to J. A. Jones Construction 
Company on 4-26-61. 

Work Authority wa8 issued 4/18/61, to the GE Company. 

Bid opening is scheduled for 5-23-61, on the cooling units. 

I Pf 

CPFF 

fP 

1 

CROJ. NO. T I T L E  

CAH-921 I Geological & Hydrologicd weus - FY-61 

FEO - HE Ralph 
M A N P O W E R  A V C R A O C  

P I X I D  CRICC 

coar PLUS FIXED cclt 
P L A N T  CORCCS 

ARCHITECT - CNQlNCER 

DCSION C N Q I N I C R I N O  O C I R A T I O N  

O C  ClCLD CNOINCCRINO 

CUNDINQ 

€i- j 

TITLE I 

CONIT. 

P f  

CPff 

fP 

3 
: NS 50 

n. 97 0 
I 

I I I I  I 
SCOCC.  CURPOSC. STATUS C R O O R L U  

This project involves the continued drilling of special research, t s s t  and 
monitoring wells 

Drilling rig arrived on-site 5/16/61, and sst  up on Well 299-L5-50, 
of hole drilled through 5-22-61, is 15 feet. 

Total amQvnZ 



COST PLUS n X S D  C S t  

P L A N T  CORCSI  

ARCWITSCT- SNOlNSSR 

O U O N  SNOINSSRINO OCSRATION 

OS n S L D  ENOlNSSRlNO 

The project proposal, which MB returned by the Commission wlthout action, bas 
been rcvised t o  include supplemental data requested by the Commission. 

CON'T. 100 

P I  

C W C  

R 

*  aged on AEC authorizatrion by 8-1-61. 

nx.0 CRICS 

C O 8 t  PLUS CIXSD CSC 

P L A N T  CORC.8 

ARCWTSCT - SNOIN SSR 

0SI lQN SNOIN S S R I N 0  OCSRA T lON 

0 s  CISLO CNOINSSRINO 

T h i ~  project. will provide a f a c i l i t y  f o r  specialized spectroscopy work, 

J. A. Jones is preprlng a bid package f o r  the block work. 

A vork order has'been issued t o  FPD Plant Forces t o  relocate steam and condensaxe 
Una8 i n  the planned work area. 
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CONST. 100 

PF 

C P f f  

fP 

. 

D i l l  ON' E N O I N  SCRIM 0 O P  E R A  T l O N  

O E  F ICLD C N O I N C C R I N O  

SEMI -MONTHLY PROJECT STATUS REPORT 

ESTIMATED TO 

. .  
C P f  f 

FP 

coar PLUS n x r o  PCC 

PLANT Foncca 
ARCHITCCT-  C N O I N C C R  

DCSIGN L N G I N E C R I N O  O P E R A T I O N  

OC FiCLD E N G I N C L R I N G  

I I II I I I 
SCOPE. P U R P O S E .  I T A T U S  h PROORCSS 

This project provides facilities for pilot plant development of decontamination 
processes f o r  intermediate level chemical processing plant waste for safe 
discharge to the plant environs. 

The AEC Directive No. AEC-194 was issued May 16, 1961, 
has been received 

No work authority 

C O S T  PLUS P I X L O  PES 

PLANT Foucca 

A R C H I T E C T  - E N G I N C C R  

I I - - I  I I I 
I 1 

I 
100 0 CONST. 

This project wil l  provide a source of power f o r  induct.ion heating for R & D work 
in the 306 Building. 

Comment issues of the specifications for work stations are complete, 

0 1 2  J L L U  
C 3 '  r; 
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OIWERAL LLICTRIC CO. - 

CIXSD CRICS 

COST PLUS CIX .0  CSE 

PLANT C O R C U  

ARCMITECT- SW8IW.SR 

OSSIQN KNQINS8MMQ OP8RATION 

OK m8LD SN8IWSSRlN8 

This prodect will increase the basin capacity commensurate with the increased 
volumes hanaled. 
if required, snd still permit adequate sampling time for the normal flow. 

The project proposal was submitted to HIO-AEC f o r  authorization on 5-5-61. 
R e v i e w  of this project was deferred to 6-1-61, by the HIx>-AEC RevL -w Board. 

This will permit transfer to crib waste of contaminated waste 

*Based on ABC authorization by 6-1-61. 



UNcIASsm 

PROFESSIONAL PLACEMENT AND 
FEIA'PIONS F'RACICES OPERAllION 

MXl?HU REFORT 

COMMLTlJICATIONS 

Wrofa and f i h d  a two-minute news film on the coxupleticn of  the Cr i t i ca l  Mass 
Iaboratory. .Film edi t ing is now undezway. 

Prepared press releases on: 
Committee on Fkd%ation Protection and Measurements sub-connnittee, (2 )  Dr. Be R. 
Ieonardz's talk a t  Rensselaer Polytechnic Inst i tute ,  (3) Dr. G. c8mowz's Science 
C o w =  presentation. 
releases on (1) Dr. E. D. Clayton's address before the Symposium on Cr i t i ca l i t y  
Control in Chemical &taUurglcal  Plant st Ibrlsruhe, Gemany, (2)  Hanford Iab- 
oratories participation in the Pacific Northwest Industrial Waste Conf., = r a c e  a t  
pullman, Washington. 

(1) appointment of Dr. R. C. Thcmpson t o  a Naticnal 

Participated w i t h  Relations Operation in preparation of 

EMP- (Rof%ssional) 

Advanced Degree - E i g h t  Ph.D. candidates v i s i t ed  HAP0 fo r  professional employment 
interviews. 
were received. 
achieved 12 Ph.D. acceptances. 

BS/hS - Recruiting ac t iv i ty  for  the Technical Graduate Program included 19 offers ,  
17 acceptances and 58 rejections.  For BS/W experienced 
personnel, 17 offers  were extended, 5 acceptances and 2 rejections were received 
v i t h  ten offers remaining open. 

Seven offers  w e r e  extended; three acceptances and nine rejections 
Current open offers  t o t a l  U. For the recrui t ing year, we have 

Six offers  r-Jpein open. 

Technical Graduate P r o m  - N i n e  Tschnical Graduates were placed on permasent 
assignment during the b n t h .  Four new members vere added t o  the .program rolls 
and two termiaated. Current propuu members total 41. 

EMPIMMeNT ( Non-Professional) 

Thirteen requisit ions w e r e  f i l led during the month with a total  of 3 1  act ivs  
requisit ions remaining to be f i l l ed .  

A disabling injury occwTed in k e l s  Fabrication Development OperatiGn M tachnol- 
og i s t  
u s i n g a s s  Brake and Shear. 
ing report p r e p r e d  and distributed. 

who severed the t i p  of his  middle finger, r igh t  hand, while 
An inv,stigation has be- conducted and the resul t -  
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C - Technical Graduate Program 
Month ending b y  31, i961 

Hunker Personnel on Asaignrrrtnt 41 
(BAPO Tech G r a d  Program. -.  ., . -38 
(Engineering & Science Program . 3 

Distribution of Assignments hy Departmerts 

. m  
HL 
FPn 
CPD 
c&Ao 
cFI&uo 

MetriSution of Aseignments by Pmction 

12 
LT 

3 
7 
2 
0 

Research &Development or Engineering 31 
Other LO 
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Per some1 

There m e  nc changes during the month of My. 

HW-698s 

Act ivlt ies 

GENIRAL ACCouflTIlpG OPERAlTOI9 

The level of travel activity, fisc& year-to-date, paraeis FY 1960 qerience but 
is expected in total to fall slightly below the previous year. 

FcUawing is a sumrumy of action on apprcval letters submitted to the Cmnissicn. 

AT-97 

Title - 
Cooperative Program for Evaluation 
of Decontamination Agents 

A m o v e d  MBY 26, ig61. 

 AT-^@& fission Products Dispersal Handbook StiU under consideraticn 

AT-105 

by HOO-AEC 

Symposium cn the Bialogy af & Has been forwarded ss %-;h- 
*on by HOO-AEC vizk a 
recommendation for &pproVa;. 

SUraniLc mements 

AT-149 Recruiting Practices Approved k y  15, 196;. 

AT-164 Movement of House h i l e r  Approved &y 26, 1961. 

AT-166 7kansfer m e n s e s  -- Nonexempt 
E W e e  

Approved May 24, 196~ 

Prccedures were revised to imprcve the qualit;r snd issuing date of 3" x 5" regcrts 
for managerment . 
k i n g  the month prel- unitizaticn work was performed on the f C i h d L q  
projects and equipment tagged: 

CAH-744 
CG -785 

Metallurgical Development Facility, 306 =ding 
In-Reactor Studies Equipment - 105-Kw 

Project unitizaticn report was issued during the month on Praject CAH-719 - Hfgh 
Level Radiochemistry Facility, 325-A Euilding - valued at $913,797. 
The field count in 
custody of Resctor 
progress e 

comection e t k  the physical inventory of movable equipment i n  
and Plela R&D is complete and the reccnciliation by RLO is i n  

UNCLASSIFIED 



R u ~ c t o r  and Other Special Mterisls on hand at m~nth's end consisted of the 
follawlng: 

-0- , 

Action aa indicated occurred on the follawing projects during the month: 

Pbyeical ccmd etion Noticair Issued 
- -  CGH-805 HQh Temperature T e n s i l e  Testa  C e l l ,  327 Bull- 

u-885* Geological sld Qdrological Weus, FY 1960 
*AEM serVlces only. 

1. hcresse of $4O,OOO for Strontium-90 work sponsored by CPD. The 
increase is funded from 02 P r o m  - Production. 



5-3. HW-69822 

2. Increase of $23,000 for Specific Fuel Cycle Studies as a result  of a 
transfer of 04 Program f'unds f k o m  SPD. 

3. Atmrspheric -sics funds for sponsored U.S. Air Force Progmns 
adjusted t o  reflect  the current estimate for FY 1961 expenditures 
as follows: 

Edwrrrds AF'B Work $ 18 000 
Cape CSIlEIveraland - 

Current Atmospheric Mff'usion 
Vandenberg AX3 Work 54 000 
Studies 31 OW 

4. W s  added t o  other special requests as a result  of additional authoriz- 
atione forthcoming i n  connection with the Cooperative Program: 

Ibn-Destructive Testing of 

Magnetic Force Closure Studies 
zircaloy sheathing $ 8  000 

24 000 

Fiaancial  advice was provided Radiation Protection Operation in connection with 
a poqmn proposal concerning Columbia River Studies which was subsequently sib 
mit ted to  Boo-AEC at their  request. 

Information concerning professional recruiting for the first Quarter of calendar 
year 1961 was gathered together from the various HAP0 cmponents. 
aCcumuLated for a rn- period of time t o  develop rea l i s t ic  statistics con- 
cerning professional recruiting costs. 

Ikta will be 

Payroll Stat is t ics  

%tal 

Euployees on Payroll a t  Beginning of Month 1 361 
Additions and -fer8 In 14 

- Changes D u r a  knth 

Removals and W m s f e r s  Out 17 
LE Ehployees on Payroll at E M  of Month 

Overtime Payments Duriw Month 

$ 6607 
25 810 

A p i l  

$ 6988 
18 673 

$ 25 661 



mttu 

$ $572 243 
-* 3 5 2 9  

A p r i l  - rotmrber Pcrccnt _.. IpIpnbex Perctnt - - 
L 7 . a  99.1 99.0 3 

32.7 6t 32.2 66 
83 6.1 83 6.1 1038 89.9 Lo46 90.0 

17 061 

3 
68 .l$ 

A S  
930 
a . 3 5  



UNCLASSIFIED K- 1 m-69822 

INVENTIONS OR DISCOVERIES 

All persons engaged in work that might reasonably be expected to 
result in inventions or discoveries advise that, to the best of their knowledge 
and belief, no inventions or discoveries were  made in the course of their 
work during the period covered by this report except as listed below. Such 
persons further advise that, for the period therein covered by this report, 
notebook records, if'any, kept in the course of their work have been 
examined for possible inventions or discoveries. 

INVENTOR 

R. H. Moore 

R. H. Moore 

C. H. Bloomster 
W. T. Ross 
R. E. Bardsley 

TITLE OF INVENTION OR DISCOVERY 

A Process for Decontamination of 
Aqueous, Organic, or of Molten Salt 
Solutions by Reaction Chromatography 

A Method for Preparing Reactive 
Abaorbants with High Flow Character- 
istics from Finely Divided Materials 
(HW- 696 88) 
Invention Report: An Incremental 
Loading Process to Accurately Control 
Plutonium Enrichment in the Mechanically- 
Mixed Oxide Fuel Systems, May 29, 1961 
(HW-69782) 

(HW-69762) * 

M 
UNCLASSIFIED 
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