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V HW-74813 

BUDGETS AND COSTS 

August operating costs  totaled $2,236, 000, an increase of $99, 000 from the 
previous month; fiscal year-to-date costs  a r e  $4, 373, 000 o r  15% of the 
$28, 524,000 tentative control budget. 
development costs  for August, compared with last month and the control 
budget, a r e  shown below: 

Hanford Laboratories’ r e sea rch  and 

C O S T  
(Dollars in Current  Previous F Y  Annual 70 

thousands) Month Month To -Date Budget Spent 

HLO Programs  
02 P rogram $ 73 $ 63 $ 136 $ 1 069 1370 
03 Program 3 6 9 175 5 
04 Program 961 888 1 8 4 9  11 150 17 
05 P rogram 98 87 185 1 2 9 3  14 

1 3 7 5  1277 2 652 ,, 16 841 15  
FPD Sponsored 88 85 173 1 3 7 0  1 3  

15 - 06 Program 240 233 47 3 3 154 

IPD Sponsored 94 87 181 1 3 2 5  14  
20 CPD Sponsored 150 1 2 1  27 1 1 3 6 9  - 
L 6% - - Total $1 707 $1 570 $3 277 $20 905 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

A section of NPR Zircaloy-2 process  tubing has  been made h t o  an in- 
reac tor  assembly and inserted in  the E m ,  Idaho Falls, Idaho. This 
section replaces  the stainless steel p res su re  t.Jbe in the P - 7  posikon. 
The new assembly will operate at NPR conditions of power, flux, and 
t e mpe r atur e. 

A Zircaloy-2-clad uranium rod with intentional striations as deep as 2070 
of the cladding thickness was irradiated,  then subjected to metallographic 
examination. 
observed in spite of a 1.270 total s t ra in  of the cladding. 
previous observations of highly localized cladding deformation on 
irradiation of fuel elements of non-uniform cladding thickness. 

No concentration of deformation in the stria-Lisns w a s  
This contradicts 
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Visual examination of a dual enrichment, single -tube, metallic uranium 
fuel element af ter  a second cycle of irradiation in the ETR indicated that 
the element w a s  in excellent condition with no visible indication of 
damage o r  corrosion. 

A prototypic N fuel element has been charged through a full length N 
process  tube with no scratching of the Zircaloy autoclave film. This 
tes t  suggests that there  is no "length effect" which causes i ron clad 
supports to sc ra tch  during charging in full length tubes. 
that scratching encountered in e a r l i e r  experiments was caused by the 
presence of foreign par t ic les  within the tube. 

It is possible 

Fabrication of "buggy spring" Zircaloy-2 supports for N fuels f rom fine 
grain s i ze  s t r ip  appears  to yield a product less  subject to cracking. 

Graphite is generally considered impossible to weld; however, reerys ta l -  
lization and bonding was  achieved between a graphite cap and a graphite 
tube by the magnetic force resis tance butt welding process. 

An impact p re s su re  of 400,000 psi  can be obtained in the Dynapack machine 
with a tungsten carbide punch without resor t ing to Bridgeman anvil 
techniques. At this p res su re  micronized U02 powder, heated to 1100 C 
in evacuated cans, can be compacted to 99% T. D. 
feasible to impact large batches (10-14 pounds) directly to Ugh densrty. 

It thus appears 

It has been shown that an empty four-inch length of 2.328 inches OD x 
0.060-inch wall Z r -2  tubing wi th  end caps welded in place wi l l  ~ o h p s e  
explosively when subjected to 1100 psi  at 400 C. 
cladding wi l l  not collapse under these conditions when connected by f i x  
equally spaced r ib s  to a 3.068 x 0.060-inch wall Zr -2  outer tube. 
la t ter  arrangement allows the fuel h b e  to r e s i s t  collapse until a prossxre  
of 1500 psig at 400 C is reached. 
strengthener, the outer tube may possibly be used a s  a disposable prccess  
tube. 

However, the same 

The 

In addition to acting a s  a fuel cladding 

P rocess  tuhe activity r eco rds  indicate that failure of a swage compacted 
MgO-PuOZ 19-rod cluster  fuel element occurred shortly after the f i rs t  
s ta r tup  of the PRTR subsequent to charging of this element, Examina- 
5011 of the discharged element is continuing. 

I 2 3 0 b 8 4  



vii  HW-74813 

A capsule containing high density U 0 2  - 2.57 mole '70 P-102 was discharged 
f rom %he MTR after  an estimated exposure of 10, 000 MWD/T and is rmw 
undergoing radiometallurgical examination. 

Examination of a 42-inch long cosine-enriched U02-P-iO2 seven-rod 
cluster  is in progress  following ETR irradiation. Dark spots on the 
external rod surfaces  a r e  definitely associated with regions of high P202 
concentration and correspondingly high surface heat fhxes .  

Eight Zircaloy-clad capsules containing Z r 0 2  - P u 0 2  fuel pellets and eight 
containing MgO-Pu02 pellets have completed their  irradiation in the ETR. 
Transverse  sections of the MgO-PuOz samples show that general  
cracking has occurred in the specimens which operated at  maximum core 
temperatures  of 1700 C, whereas center voids and columnar grains have 
formed in the samples  which operated at  coro temperatures  of 2200 C. 

Elec t r ica l  res is t ivi ty  measurements have been made on samples of 
plutonium oxides having O/Pu  atomic rations of 1.84, 1.92, and 1. 9EJ 
and exhibit an electronic activation energy of 0.50 0.02 ev for the 
single face-centered cubic phase existing above '3-e temper a k r e  XmFt 
for the solid immiscibility region. 

Based on resist ivity,  thermal  expansion, X-ray diffraction, and thermai  
emf experiments, a phase diagram has been constrzcted for  the Ptl-0 
system. 

pL02 compatibility tes t s  at  1780 C in a helium atmospkere showed v;rp 
slight reaction with molybdenum, some observable reaction with ';-xes ,251, 

and apparently complete r e a c k m  with tantalum. 

Samples of PuC with 570 PuzC3, and beta -203  have been prepared by 
the reaction of carbon with F-102 at  1800 C in a halr:m atm3sp5ert .  
The melting point of beta - 2 0 3  was  observed to be aboat 209Q C. 

Resistivity measurements on a 38 a /o  C-Pu alloy gave 230 ohm-cm a: 
m o m  temperature  with a slightly posixve i emperawre  COPE ;ienT0 

The average coefficient of l inear thermal  expansicn for F?-~OII~TJIY 

nitride as determined by a high-vacuum, high-temperature X-ray 
diffractometer attachment was calculat2d C,o be 13.80 x lo-' I0C :n '.he 
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range 26-800 C. 
PUN w a s  computed, f rom the best indentations, to be 370 kg mrn120 

The average diamond pyramid hardness number for 

TWO coextruded, Zircaloy-clad fuel elements with unwelded titanium 
bonded end closures  failed after 31 days of exposure to 400 C steam. 
Though no fai lures  have o c c d  af ter  38 days in 360 C water, up to 27 
mils penetration of the 120-mil bond layer w a s  m e a s x e d ,  

The first tes t  in H-1 U o p  of the in-reactor  corrosion of a lxninum was 
completed during the month. 
sosion with low and with high beta flux. 

The samples  were designed to tes t  c c r -  

Unexpected difficulty w a s  encountered in decontaminating some PRTR 
pr imary  sys tem piping specimens. 
ineffective but did modify the fi lms so that they could be removed by 
scrubbing. The alkaline permanganate-oxalic acid Frocedure removed 
the film and activity, provided high solution velocity obtained. The 
occurrence points up the need for  additional information concerning the 
character is t ics  of f i lms formed in pressurized water systems. 

The standard APACE procedure WGS 

Laboratory tests were successful  in demonstrating aEtomatic in- lime 
devices for  oxygen and ammonia analyses. 
wer9 obtained during a recent test run in KER-3 Loop. The hydrazine 
proved effective in controlling the oxygen content of the coolznt during 
the outage. 

Continuous hydrazim analyses 

The Mark 111 unit for  in-reactor  monitor-hg of PRTR pres sc re  ~ 2 ~ ; s  . s  
85'30 complete. 

Metallographic examination of the 24-mil deep corrosion mark h PRTR 
process tube 5540 caused by contact wirh the lower fuel 4smen: end 
bracket showed no indication of increased hydrogen content, in th5 me:aE 
just beneath the mark. 

The p res su re  drop-flow data obtained recently under PRTR shutdown 
flow conditions indicate that single phase natural  circulation zoolrng may 
be inadequate during total  power  outage. Cooling by i;_gkt water injection 
during a total power outage is not certain since the time requlrsd TO 
depressur ize  f rom operating p res su re  to  the 100 psi  light water %pply 
p res su re  is calculated to be about 15 minutes. 

1 2 3 0 b 8 b  
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A re-examination of the thermal  hydraulic tes t  data for the PRTR 
indicates that the allowable tube power can be increased from 1200 KW 
to 1800 KW if  the inlet temperature  is decreased sufficiently to prevent 
bulk boiling at the tube outlet, It w a s  also concluded that the maximum 
heat flux could be increased from 400,000 to about 750,  000 Btu /hr -sq  f t  
without violating the 1.85 boiling burnout safety factor proposed for the 
PRTR. 

The use  of the special  tools and equipment for discharging r ip tured  fEel 
elerne nts f rom the PRTR Rupture Loop w a s  suczessfully demonstrated. 

Boiling burnout data obtained by General Electr ic  Company at APED with 
a 1/2-inch OD externally cooled rod and compared with data obtained at 
Hanford with a 0.444-inch ID internally cooled tube were found to agree 
very  w e l l  at high flow rates. 

Visual studies performed with an electrically heated tes t  section in a 
g lass  tube revealed that very little boiling w a s  induced by any of the 
devices used to center fuel elements in Hanford production reac tor  pro- 
c e s s  tubes when the test section w a s  centered coaxially within the tube. 

Specimens of zirconium - 2Nb - 2 Sn alloy have been tested in tensiop 
af ter  irradiation in the ETR at ambient coolant temperatures.  
i r radiated in a number of heat treated conditions, had a considerably 
higher strength before and af ter  the irradiation than is normal  for Zr-2 .  
It is noteworthy that the uniform elongation of this higher strength alloy 
is superior  to that of Zr -2  after an irradiation of approximateiy lo2' n-e, 

This alloy, 

Specimens of beta -quenched and as -extruded uranium have b e m  i r r ad l -  
ated simultaneously to an estimated burnup of 0.16 a / o  at a control 
temperature  of 625 C. Macro examination has shown slight warpage in 
the as-extruded specimen and surface roughen iq  as well as warping ir 
the beta-quenched specimen; some swelling has also occurred. 
observations point m t  that "dimensional mstabiEty" s k i l l  pe rs i s t s  sbove 
400 C and possibly as high as 600 C. 

These 

Molybdenum single crystals ,  one-eighth-inch diameter x 15 inches, have 
been successfully grown by an electron beam floating zone technique. 
40 is expected that seeding of c rys ta l s  to yield c rys ta l s  with specEfIz rod 
axis orientation wi l l  now be possible. 

1 2 3 0 b 8 1  
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Oxidation specimens of nickel-base alloy R-27 were tested in flowing 
C02 for  300 hours at temperatures  of 1700 F and 1800 F. Results of 
these tes t s  show that the alloy has  an oxidation resis tance comparable 
to the austenitic s ta inless  s tee ls  under these conditions. Tensile tes ts  
indicate that the alloy has  considerably more high temperature strength. 
Specimens a r e  presently being prepared fo r  irradiation to exposures of 
1021 nv-t fast neutrons in a gaseous environment. 

2. Physics and Instruments 

Instrumentation activities in support of the NPR project included: review 
of t e s t s  on the prototype gamma spectrometer  for the fuel failure moni- 
tor ;  recommendations for purchase specifications for the multichamel 
analyzer to be used with the fuel failure monitor; development of a method 
for analyzing the dynamic response of s tar t -up instruments;  recom-  
mendations of tes t s  for  the nuclear instrument channels; and review of 
test procedures for  the flow and temperature  monitors and th-eir data 
logging systems. 

An exponential pile mockup of the C Reactor w a s  used to obtain buckling 
data with control rods in the mockup. 
one with a single control rod, and the other with six control rods. 
Fur ther  analyses w i l l  be needed to deduce control rod strengths for the 
large reactor .  

Two arrangements  were used: 
. 

Criticali ty measurements  continued in a 14” spherizal  vesse l  containing 
phtonium ni t ra te  solutions. 
w a s  sfxdied using a molarity of 6. 
obtained wi th  molarit ies of 2 and 4 have been compared with P- 11 data. 
The agreement is very good. The largest  discrepancy obtaked  is less  
than one percent. 
ar is ing in chemical determinations of phtonium concentration. 

The effect of acid molarity can eritiaaETy 
These data plus data previously 

This is w e l l  within the experimental  u n c w t a h t i e s  

Experiments were performed with a . 0 3 ”  cadmium wrapper on the 
r I S i s a l i t y  vessel. 
thick water reflector. 
worth of the water to the equivalent of a paraffin reflector about one- 
half inch thick. 

The cadmium layer separated the vesse l  f rom a 
The e.ffect of the cadmium was to reduce the 

A parametr ic  survey of fast oxide r eac to r s  w a s  completed. 
reac’iors investigated were fueled with U-235 and U-238, bur, some 

Most of the 
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Pi-U-238 and Pu-Th-232 sys tems were also considered. 
prcvides the physics s ta t ics  data which could se rve  a s  the basis  for pre-  
l iminary economic evaluation of various fast r eac to r s  for prodcction of 
special  mater ia ls  such as high grade pktonium and U-233. 

This study 

Due to the long delay in obtaining use  of the PRCF and gamma szanning 
facilities, it is planned to bypass these on some cf +he low exposure 
PJ-A1 physics elements and send them directly to Radiometa?hirgy for 
pr5paration for burnup analysis. The first of these elements,  No. 5051, 
is now being prepared for disassembly. 

A fa i r ly  detailed s e r i e s  of investigations of the use of Phoenix fuel fo r  
compact, w a t e r  moderated power r eac to r s  has been started.  
investigations are an outgrowth bf previous work done for a small ,  
Phoenix-fuekd, pressurized w a t e r  reac tor  (HW-71279),  and wi l l  include 
seve ra l  reac tor  types. Analysis continues on the study of the feasibl-  
lity of performing a Phoenix fuel burnup experiment in the central  cel l  
of the PRTR. 

These 

Subcrit ical  measurements were made to prcdict cri t icali ty for a system 
of plutonium-aluminum rods  in light water. This month rods contairxing 
670 R-240 w e r e  loaded in a central  region surrounded by a region con- 
taining rods with 570 Pu-240. 
cality w a s  490. 
required when the loadings in the regions a r e  reversed ,  and 494 rods 
are required for  a random loading of the rods. 

The estimated number of rods for crit:- 
Previous experiments have shown that 485 rods a r ?  

Tes t s  were successfully completed on the second generation :iq113 
efflmnt gamma a c t i v i v  monitor for ac9dating +he PRTR :antalnment 
t r ip  'circuits. This has improved t r ip  c i rcui ts  and f k - a l  packaging, an-4 
w i l l  replace the first prototype which was  temporarily installed severa l  
months ago as a replacement for  the original inadequate equfpment. 

Development w a s  s ta r ted  on instrxmentation for measuring the vlbrat.Lon 
of PRTR fuel elements, both in the hot loop mockup a d  tz-fmawly in the 
PRTR. 

A P R P  Cr i t ica l  Facility analog study was  c o m p l e t d  io determine :h? 
m c l e a r  accident potential with various fuel loadings. 
the effects of s team and void formation in the moderator and boi lkg  at 
+,he f.lel mrfaces .  

This study Included 
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Invention disclosures  were filed on a new graphical alternating eur rsn t  
nulling device for u se  with either conventional o r  mL1l.i-parameter eddy 
cur ren t  nondestructive testing equipment on a Hal l  Effect magnetometer 
for nondestructive testing of steel. 

The tentative procedures developed for  Lamb wave u ? t r a s o ~ i e  nond, fiszr-'c - 
tive testing of fuel sheath tubing were subjected to their  first evakat lon 
in the field through tes t s  at the plant of a tubing manufaciurer. Results 
there  were somewhat limited by the available equipment, but w i l l  be 
compared wi th  fur ther  testing of the same  tubing at Hanford later.  

A simplified pocket s ize  dose meter which has a single a d i b l e  a l a rm 
point at about 50 m r  and no visual indication w a s  developed. 
imended to be the reference design for expeditad off-site procursmem 
of instruments for large scale  field t r i a l s  in the reactor  and separations 
areas. 
tinued to fulfill anticipated specialized needs. 

This I s  

Final design of the selectable a l a rm and indicating models con- 

A s e r i e s  of nine dispersion experiments, designed to clarify certain 
features  noted in the 1959 Green Glow data relating to emission dxa t lon ,  
travel t ime to a given distance, and averaging t imz of meteorological 
parameters  in relation tro dispersion parameters  during stable atmosphercz 
conditions were completed. 

The field work for the study of radioactivity in Alaskan Eskimos ts  drawing 
to a close. Measurements a r e  now being made at Point Hope. Ava2able 
results show that in some villages, the average body burdzn is a o m p z -  
able to o r  higher than found in Lapland. The high burdens a p p s r  70 be 
related to the high activities in caribou and reindeer  as LC L a p l a d .  

One zxperimental  high level, 5 r to 100 r, m i & a k m  signaling doze r-s+er 
w a s  Completed, tested, and demonstrated for possib?c ipp1i~azions 2 
nzslear  accident monkoring and civilian de  fens eo  

Good -orrelations were observed between the r s su l t s  of an nlxranscnic 
t e s t  under. development to monitor instalid NPR primary piping f c r  
fatigue and the resu l t s  of destrcctive fa-cigLe t e s t s  at Hanford and off-six. 

3. Chemistry 

Extended tests have been concluded which shc-v that PermutZ; SK r e s 3  
has more than sufficient stability toward nitric acid degr=dat:on to 
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permit  its long-term use for the extraction of p l ~ t o n h m  from 231-5  
oxaiate supernate s. 

Hct cell experiments were performed to test the denitration of actual 
Purex 1WW with sugar,  vice formaldehyde. 
trolled and there  w a s  little o r  no tendency of the reaction mixture TO 
foam. In addition, no precipitates, tars o r  other insoluble reactioc 
products were observed to form. 

The reaction is easily ,2051- 

A hot cel l  demonstration of the nickel ferrocyanide process  for preclpi-  
tation of cesium from Purex  tank f a r m  supernatant was completed and 
showed that an over-al l  cesium recovery of 9070 could probably be 
reai ized in plant equipment. 

Reactor studies,  wherein deionized water w a s  passed through a new tube 
containing new fuel elements, show the source of Ga-72 in reactor  
effluent water to be impurit ies in the aluminum and that determination 
of Ga-72 in effluent water might be a measure of the corrosion r a t e  of 
rIew aluminum. 

Improved es t imates  were made of thermal  conditions in containers cf 
zeolite loaded wi th  Cs-137. Typical resu l t s  show 'hat correction for 
- gamma leakage in a container loaded to two milliequivalents of cesL.llrr, 

per  g ram of zeolite permi ts  increasing the vesse l  diameter f rom 10.3 
to 12.25 inches with no increase in centerline temperature. 

Ir_ pilot plant studies on +he removal  of cesium f rom syntheii-y, a%L.nc; 
&rex waste by clinoptilolite, the absorption cycle w a s  characterized by 
an almost constant minimum cesium loss  of about 1.579. Five and 5@% 
breakthrough occurred at about 17 and 30 bed volumes, respec"lve2y. 

The u s e  of dipisrylamine dissolved in nitrobenzene to extract  i'=sium 
f r o m  a synthetic, alkaline Purex waste supernate soltltion w a s  S U C C ~ S S -  

fully demonstrated in a nine-foot high, t h r e e - h c h  d l a m e k r  PL~SF. c:ol.~mn. 
C e s h m  extraction and subsequent stripping losszs  
and 0.6 percent, respectively. 

as low as 0.8 

Over 9870 of both plutonium and neptunium can be removed from Purex 
IWW, after treatment with hydrazine, by zn equal volume extraction 
.~rlth 0.04 M D2EHPA - 0. 02 M TBP - Soltrol, Likewise, over 97% of - - 
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xiv HW-748 13 

the plutonium and neptunium in the organic phase can be stripped upon 
contact with an equal volume of 0.25 M oxalic acid. - 

In-tank solidification of synthetic coating waste by evaporative techntqaes 
may leave a liquid residue. The addition of about 65 weight percept of 
sodium bicarbonate reduces this remaining liquid to a solid rapidly and 
over  a wide temperature  range. 

The addition of 0.4 g / 1  DBP to synthetic Purex 1WW initiates foaming 
in the semiworks formaldehyde denitration reactor ,  paralleling the 
behzvlor of the Purex plant unit with cur ren t  waste. Introductton of a 
silicone antifoam reagent at  a concentration of 0-2 g/1 reduced the foam 
level two -fold. 

Installation of the radiant heat spray  and pot calciners  and associated 
equipment in the High Level Radiochemistry Facility w a s  completed. 
Cold shakedown runs for both the spray  calciner and pot calciner equip- 
ment (the former  with continuous melt down of the calcine) with a 
synthetic feed were performed successfully, all  operations being done 
remotely with manipulators. The f i r s t  full level spray calcination run  
is scheduled for late September. 

4. Biologx 

In the t ransfer  study of 1-131 from food which was contaminated o m e  
with 1-131, it appears  that peak thyroidal 1-131 concentration Fr, cows 
occurs  after one week and remains for about two weeks, with about 5570 
of the first dayss  dose in the thyroid. 
four days after contamination event was about 0.470 of the initial doss 
each liter of milk. 

Peak milk concentratLons c x u r r e d  

Eight-hydroxyqukoline appears  to have some promise in  helping TO 
remove plutonium from s i tes  unavailable to DTPA. 
in fecal excretion of plutonium. 
a s  DTPA alone or even in combination wixh DTPA, i t  s t i l l  may offer 
some usefulness under special  conditions which a r e  being investigaked. 

It causes an h z s & s e  
Even though it I s  not nearly as ~ f f ; 3 _ ; ~  

The effectiveness of DTPA OR the removal of inhaled Ce14402 f rcm dogs 
w a s  confirmed. 
aerosol,  the body burden of radionuczdes drops to l e s s  than 57' of ?hcle 
amount initially deposited. Without treatment,  approxLmately 8@70 is 
retained at the equivalent time. 

If administered immediately after exposure Lo the 
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Sodium polystyrene sulfonate obtained from the Eltex Laboratories w a s  
found without effect on removing - 0 2  o r  Pu ni t ra te  f rom %he lungs of 
dogs. 

5. Programming 

A major effort w a s  made to complete the computer calculations assocl-  
ated with the successive bred fuel recycle study. 
planned fifty recycle  cases  were finished. The study considers plutonium 
recycled for minimum fuel cost  with the amount of plutonium recycled 
limited to that produced in the previous cycle, and an alternative mode 
without a quantity limitation because of the availability of a hypothetical 
stockpile of plutonium of the composition of the previous cycle. 
provide perspective, U-233 recycle  in thorium with U-235 make up was 
also studied. Computed plutonium values ranged from $10 to $12/gram 
of fissile plutonium, while U-233 values ranged from $13 to $14/gram 
of U-233; however, the fuel costs  with U-233 were higher than all of the 
corresponding uranium-plutonium cases. 

All but th ree  of the 

To 

Compilation of the revised Conventional Reprocessing Code for econonil cs 
studies of fuel reprocessing was completed and debug runs were started. 
A number of e r r o r s  have shown up and have been corrected. NJmerous 
hand calculations remain  to be done to complete the checking and 
debugging of this code. When completed, this code wi l l  provide the 
base case  comparison for the Salt Cycle Economics Code (completed 
last month) to evaluate economic incentives for developing close -coupl-.d 
Salt Cycle-type processes.  

TECHNICAL AND OTHER SERVICES 

Five new cases  of plutonium deposition were confirmed by bioassay analyses 
during August. 
ea r l i e r  incidents involving four CPD employees and one HLO employee. 
Inhalation was the mode of intake in each case. The maximum estimated 
body burden of plutonium in these five cases  w a s  less than one percent of 
the permissible  body burden. 
ca ses  that have occurred at Hanford is 297 of which 214 a r e  currently employed. 

The new plutonium deposition cases  resulted from five 

The total number of plutonium deposition 

One plutonium contaminated minor injury required t issue excision. 
a follow-up examination in the Whole Body Counter, a general  survey of 

During 
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other  portions of the employeees hands, according to a newly instituted pro-  
cedure, resulted in the detection of .04 pc of plutonium (about onF; permis-  
sible body burden) on another finger. 
removed this previously unsuspected plutonium injury. 

A second excision suczessfully 

A 16-ton cask surveyed on a common c a r r i e r  following a r r iva l  f rom Idaho 
Falls w a s  found to have loose contamination with dose r a t e s  up to 1.8 rads /hour .  
The carrier t ruck bed was contaminated up to 5 rads /hour ,  
involved personnel and surveys of receiving and t ransfer  areas as we l l  as 
roadways indicated no abnormal exposure to personnel. No contamination 
other  than on the cask and on the t ruck bed w a s  uncovered by surveys made 
by HAP0 personnel. 

Invest;gation of 

On August 10 the new Hanford film badge dosimeter w a s  placed h t o  serv ice  
and distributed for  routine use  throughout the plant. 
includes an improved filter sys tem and provides capabilizy for  measuring high 
level radiation dose in the event of a ser ious  accident. 

The new dosimeter 

The presence of fallout mater ia l s  on air fi l ter  samples  throughout the North- 
w e s t  showed a sharp increase on August 31; 30 p p c / m  as compared to an 
average of 3.2 ppc /m3  for  July. 

3 

A method was devised which modifies the present  linear programmixg model 
of the FPD Production Forecasting P r o c e s s  so as to  allow the model cons id t r -  
ably more freedom in balancing safe inventory levels, idle time, and added 
capacL%y requirements.  

In connection with the straightening of warped NPR fuels, submixted data WEPS 

analyzed to determine the amount of bending necessary  to effect a zero  average 
warp on fuel elements af ter  the second beta heat treatment. 
nation proved to be impossible because of an almost  perfect  corre:a+-!on be:xeen 
the init ial  warp after beta heat t reatment  and the warp after bendhe;. 

Such a d e x r m i -  

Numerous electronically perfect runs  have been made on the Magnetsz Tape 
Cor,trolled Gorton Lathe using a program to machine dummy I 2 5 1  parts. 
Although no attempt has  been made to machine the p a r s  70 finished dimensiom: 
the sur face  finish of these samples  is with'ar spec-fl-a Yrons. * 

Nondestructive testing w a s  performed on the uncharged fuel elements from 
multiple fa i lure  lot HZ-065, and on elements sampled from eight "rontrol'l 
lots. The purpose of this testing ;s to determine if  There a r e  measurable 
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character is t ics  which could have differentiated be turea  :his and nonrupture 
lots. 
in assessing quality. 

Extreme ca re  is being taken to remove possible effects of tes te r  e r r o r  

A FORTRAN language power spec t ra l  estimation program has been obtainsd 
from the UCLA Medical Center and is being used to analyze severa l  pulse 
column equilibrium experiments. 
periodically during an equilibrium run of the column a r e  being analyzed to 
establish column character is t ics  under steady s ta te  operation and zo ascer ta in  
changes in these character is t ics  as the column approaches a flooding si?--2atq-on. 

A number of variables which a r e  recorded 

It is of'cen necessary,  when analyzing fuels data, to t ransform the data in 
some fashion in o rde r  to stabilize the variance, and incidentally, achieve 
ncrmaxty.  However, f rom an  interpretation viewpoint, i t  is deskab le  $0 
express  resu l t s  in t e r m s  of the r a w  data. 
permit  th i s  correlation. 
variance of the transformed variable a r e  known, the corresponding rr-eans 
and variances of the raw data a r e  given. 
exceeding some value(s) are also given. 
readily usable. 

A document has besn prepared to 
For various transformations in which the mew- an-d 

In addition, the percentjs)  of i tems 
A s e r i e s  of graphs makes the resul ts  

The programs to perform the craf t  set analyses for reac tor  maintenar-ce 
work have been completed and debugged. The second major program for 
translating work o rde r  numbers into either job codes o r  the classiflcaz'cnns 
Qf facilities engineering, r e sea rch  and engineering, landlord, new work o r  
project, has  been completed and debugged. 
Porn work o rde r  numbers to job o r  class numbers is 99 percsnt ?omp:r:s, 

The masfer  convsrs-on table 

AuThorized funds for 13 active projects total  $2, 744, 600. 
-os? of these projects is $9, 117,000 of which $1, 600,000 had been s p e c  
through July 31, 1962. 

The total es+iF-a:52 

SUPPORTING FUNCTIONS 

The Pktoni-am Recycle Tes t  Reactor cutpi', -was 498 MWD for a p l a t  ;ffi::- 
ency of 2370 aqd. an experimental t ime e f f i i ency  of 25. 870 during the m o r 5  
of Aug,e-:. 

Tke outage, which began June 3, eor_',hued until Aug-1st 5 .  The reactor  ' R ~ E  

sh;: dcwn agah on August 8-9 t~ repa i r  a D 2 0  leak dx a spare X e t  Yhormo- 
W E : ~ .  

- -  Another shutdown occurred A U ~ S T  12-16 when :he dlessl generatcr 
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failed to start automatically on test. 
h s h m  and D 2 0  leaks and to rework three galled helium valve stems. 

The outage was exiended to cor rec t  

A shutdown occurred August 21, as a resu l t  of excessive leakage of hot D 2 0  
into the waste collection system. 
+he tie-in to the low pres su re  light water injection system. 
I 5  minutes after shutdown, a fuel element rupture with g ross  contamination 
spread thoughout  the pr imary  system occurred. Fuel element #5139, a 
MgO-PuOZ test element in tube 1356, was  discharged and visual examination 
showed a cladding failure approximately 1-1 / 2  inches long on an outer fuel 
rod. Reactor discharge w a s  underway at the end of the month to permi? 
decontamination of the pr imary  system. 

The source of the D 2 0  leakage was at 
Approximately 

During the month valuable experience w a s  gained with the rupture monitor 
system. Definite fission product bursts  and a high background count r a t e  
were observed pr ior  to August 21. The high background count ra te ,  p r sdk ted  
ear l ie r ,  wil l  be reduced by design changes now being studied. 

During these burs t s  and during the August 2 1  rupture,  exceptional sensitivfty 
w a s  noticed in the channel which monitored tube 1358, which contaked the 
MgO-PuO2 rupture element. 
e i tker  a higher instrument eensitivity than the others  o r  by the monitoring 
of the particular tube cdntaining the defective fuel element. 

This high sensitivity may have been caused by 

In activities related to the Plutonium Recycle Cri t ical  Facility, an addXona1 
diffkulty was  encountered with safety rod s t ickhg.  Repair work and sub- 
sequent testing indicated satisfactory operation. A moderator dump t+3tJ 
in which a full moderator load of H20 was dumped through .(-,he dump vrlve 
into the cell w a s  completed. The cel l  remained flooded far 24 hours w'tk 
e lectr ical  equipment submerged. No effect on electr ical  rqLlpment or 
c i rcui ts  nor other difficulties was observed. Thirty --A!. %e1 e l e m s n x  
were received and stored in the PRCF cell. 

Advanced Degree - Four F k D .  applicants visited HAP0 f a r  employment 
interviews. Three  offers were extended; on5 acceptance and f2.w r e j e K o n s  
were received. Current open offers total two. 

BS/MS - During the month five direct  placement offers were extended; two 
acceptances and five rejections were received. 
made; one acceptance and four rejecticns were received. Open offers at 

Three program offers were 



xix HW - 7 48 I 3 

rnonf,h?s end included three direct  placement and six program. 

Technlcd Graduate Program - Two Technical Graduates were placed on 
permanent assignments;  six new members  were added to the ro l l s  and four 
terminated. Current  program members  total 5 6 .  

for Manager 
Hanf o r d Labor ator ie s 

HM Parker:WHFt:mlk 
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A .  

REACTOR AND FUELS RESEARCH AND DEVELOPMENT O P E R A ' I T ~  

TECHNICAL ACTIVITIES 

1. hETALLURGY PRCGRAM 
I 

Corrosion Studies 

Corrosion of Titanium Bonded End Closures. 
on the coextruded, Zircaloy-clad, fue l  elements with unwelded titanium 
bonded end closures have been obtained. 
exposed t o  400 C p  1500 p s i  steam, while a second group of elements i s  
being exposed t o  360 C water. 
following a rupture of two of the elements af ter  30 days of exposure. 
There have been no ruptures i n  the 360 C water tes t  following 38 days 
of exposure. 

One element from each tes t  group w a s  sectioned t o  determine the de- 
gree of corrosion penetration along the 22-2 - T i  bond layer.  The 
element exposed t o  400 C steam showed a penetration of approximately 
50 mlls of the 120-mil bond layer. This compares t o  27 m i l s  pene- 
t r a t ion  f o r  the element exposed t o  360 C water., IC both cases the 
width of penetration i s  approximately 0.8 mil and 1 s  uniform along 
the en t i re  length. 

Additional corrosion data 

One group of elements w a s  

The 400 C steam test  was terminated 

Erosion-Corrosion of Aluminum Alloys. 
from defective fue l  elements were exposed t o  300 Area tap  water a t  
102 C and 76 f t / sec  flow velocity f o r  2&, 48 and 72 hours, 
side of the samples w a s  exposed t o  compare corrosion of AlSi w i t h  
t ha t  of the aluminum outer jackets. AlSi corrosion w a s  l e s s  by a 
f ac t c r  of seven f o r  24-hour tests and l e s s  by a factor  of four f o r  
48- and 72-hour t e s t s .  
on AlSi w a s  due t o  a th in  uranium AlSi layer on top of the AlSi. 

Samples of stripped car, w a l l  

The AlSi 

The small amount of corrosion seen i n  2h hours 

Tests i n  which 100 Area process water w a s  substi tuted f o r  300 Area 
tap water showed AlSi corrosion w a s  l ess  by a factcrr of three f o r  
24-hour t e s t s .  

Dynamic Corrosicn of ELectroless nickel Coatings or 1245 and x-8001 
Aluminum. Corrosion t e s t ing  of e lectroless  nickel f i l m s  Dn aluminum - 
alloys has been carried t o  90 days at 300 C and flow rates of 25 fps 
The specimens are coupons 1" x 1" x 0.062", 
nickel coat i s  approximately one mil 
created i n  scme coupons t o  expcse a small area cf the alummum sub- 

The thickness of the 
Flaws were deliberately 

s t ra te ,  Other coupons were heat t reated i n  a i r  a t  temperatures as 
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high as LOO C and up t o  40 hours. 
Gone af the x-8001 coupons fai led.  
a l l  1245 coupons not heat treated a t  400 C n  
treated a t  400 C fo r  40 hours did not f a i l  up t o  90 days, despite 
the  development of cracks i n  the nickel f i lm. 
sections or  the cracks show penetration through the diffusion layers 
into the alumicum, 
layers between the nickel and aluminum. "he diffusion layers appear 
tG be corrcsioIi res is tant  and strengthen the nickel f i l m  t o  preclude 
f m h e r  cracking a t  the f l a w ,  which would otherwise i n i t i a t e  a 
massive fa i lure .  

I n  the dynamic corrosion t e s t s ,  
Missive fa i lures  occurred on 

Two coupons heat 

Metallographic 

The sections also show three separate diffusion 

Metallurgy Studies 

NPR Fuel Element Suppons. 
buggy spring configuration of N P R  fue l  element supports results in 
roughening or cracking of the outer surface of the bends. Qle po- 
t e n t i a l  method of a l leviat ing th i s  condition i s  t o  use Zircaloy-2 
s t r i p  w i t h  a f i ne r  grain s ize .  A laboratory ro l l ing  technique has 
been devised whereby s t r i p  with grain diameters of 4-8 microns can 
be produced as compared t o  the  20-30-micron diameter grains found 
ir, the present supports. This f ine  grained s t r i p  can be prepared 
from commercially hot rolled p la te  (20- t o  30-micron grain diameter) 
as well as from w a r m  extruded and recrystall ized Zircaloy (6- t o  
8-micron grain diameter). 
accumulate large amounts of cold work i n  the metal by warm ro l l ing  
below the recrystal l izat ion temperature and subsequently annealing 
t o  a f ine  grain s ize .  Since no edge cracking occurs, as i s  the case 
f o r  large reductions a t  room temperature, the process should be 
adaptable f o r  commercial rol l ing.  Specific de ta i l s  of the laboratory 
rol l ing tha t  produced a f ine  grain s i z e  are:  
rolled pl.ate and 0-4-inch thick warm extruded Zircaloy were rol led 
t o  approximately O.C!3T-inch thick s t r i p  with the = t a l  periodically 
heated to 1200 F ID salt. t o  maintain a rol l ing temperature range of 
abcut 700-1200 F. 
be tes ted t o  deternine the bending characterist ics as related t o  the 
buggy spring problem. 

The severe bending necessary t o  form the 

The basis of the rol l ing process i s  t o  

0.5-uich thick hot 

Fine grained s t r i p  produced i n  t h i s  manner will 

Metallic Fuel Development 

Fuel 1rradiat.ions' An experimental single tube, dual emiched 
metallic uranium element completed the second cycle of i r radiat ion 
i n  the M-3 pressurized w a t e r  loop i n  the ETR. 
i n  the element during t h i s  period was  130 kw/ft. 
aceurmLated a t o t a l  exposure of 560 MWD/T. 
element revealed nc evidence of damage or corrosicn. A measured 

Peak pover generation 
The element has 

Visual examination of the 



A- 3 

100-mil w a r p  was  produced by the severe r ad i s l  f l u  gradient existing 
in the M - 3  f a c i l i t y .  
center and w a s  a reversal of a similar amount of warp that  occurred 
during the previous cycle of i r radiat ion.  
i n to  the reactor f o r  additional exposure. 
positioned with the direction of w a r p  away from the reactor core. 

A t o t a l  of 18 NPR fuel element assemblies (36 inner and outer tubular 
components) were weighed in the  KE basin f o r  evaluation of fue l  
swelling following i r radiat ion in KER Loops 3 and 4 t o  exposures up 
t o  800 MWD/To 
theoretical  swelling computed on the basis of fue l  burnup, indicating 
tha t  swelling resulting f romthe  agglomeration and expansion of the 
f i ss ion  gases was not significant in these tes t  elements. 

Radiometallurgical examination is  continuing on the variable braze 
thickness i r radiat ion tes t ,  CEH-4-68, 69 and 70. 
three fue l  elements, GEH-70, .is being examined. 
ment shows cracking in the uranium i n  the braze-heat-affected zone; 
the cracks a l l  appear t o  originate in a secticn of the uranium COTZ- 
ta ining a series of voids. 
before i r radiat ion and were caused by the brazing process, The end 
closure appears t o  be in good condition wi tn  no cracks i n  the brme.  

The direct ion of warp w a s  toward the reactor 

The element was recharged 
The element w a s  again 

The fuel swelling observed approximated the minimum 

The last of the 
Qle end of the ele- 

It is  believed that  the voids existed 

Fluted Single Tube NPFt Fuel Element, 
single tube fuel element stock w a s  successfully cmpleted., 

The coex tmion  of the f luted 
Pre- - 

liminary exammation indicates the extrusion i s  within d e s i s  di-  
Ilpensional tclerances and is  of good quality., m e  Zircaloy-2 clad 
is  very smooth and varies only plus c.r minus 0.002-inch from the de- 
s i red  thickness. 
thicker than that  i n  the valleyso 

The clad on the peaks cf t h e  f lu t e s  is 30 Fercerit 

The attempt t o  make cap stock fo r  these elements by extruding a clad 
Zircaloy-2 b i l l e t  fa i led.  The intention w a s  t o  peel the clad,  which 
w a s  thicker than that  on +,he f u e l ,  leaving Zircaloy-2 which f i t  the 
inside of the fue l  tube, The oxidaticxi cf the b i l l e t  core i n  a 
chemcal milling bath failed t o  prevent bor,dirg of the clad t o  the 
core 
of the clad,  

The result ing bond w a s  tenacious encilgh t o  prevent peeling 

Hot-Headed Closure Studies, Effort t h i s  month w a s  corxentrated on 
studying the e f fec ts  on bonding between the cap and the fue l  element 
(using copper foii as interface material)  by variations i n  post heat 
input, time and pressure. Although bonding has been observed in tne 
samples, a sat isfactory joint  has not been achieved. 
types of defects have been observed: 

The fdlowing 
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1. Transverse cracking in  the interface between the 
Zircaloy-2 cap and fue l  element cladding; apparently, 
a b r i t t l e  Zirc-Cu al loy resulted from excessive 
amounts of copper. 

2 .  Shririkage cracking i n  the interface near the projection 
welds; apparently, the Cu-Zirc a l loy had reached the 
melting temperature i n  the area adjacent t o  the pro- 
jection weld while insufficient pressure w a s  applied. 

Movement of uranium into the interface between the 
a r c  cap and the fuel  element cladding; t h i s  may be 
the resul t  of insufficient recessing of the fue l  pr ior  
t o  welding and of improper relationships between forging 
pressure and heat input 

3.  

Copper Braze Closure. 
by placing a 0.010-inch copper wafer under each end cap and forming 
the Cu-Zr eutect ic  braze by diffusion a t  1000 C using induction 
heating. One of the elements was l e f t  i n  the as-brazed condition 
and one was electron beam welded over the brazed closure. The 
elements were then autoclaved 10 hours i n  300 C water t o  t es t  the 
corrosion resistance of the braze and of the braze-contaminated 
weld. The t e s t  showed tha t  the braze corroded somewhat but s t i l l  
maintained a closure. The welded element showed a s l igh t  color 
difference i n  the  areas diluted by braze but showed no severe cor- 
rosion.. The elements are  being reinserted in the autoclave f o r  
another 10 hours,9 t o  be followed, a f t e r  re-examination, by a longer 
autoclave tes t  

Two N inner fue l  elements were braze-closed 

kiting point studies on a ser ies  of arc-mlted al lcys  have shown 
the existence of a ternary eLltectic a t  approximately 80 w/o Zr - 
1 0  W/O Cu - 1 0  w/o M i  which m e l t s  a t  about 850 C .  An attempt was  
made t o  form t h i s  a l loy  by diffusion of copper and nickel wafers i a t G  
the Zircaloy-2 end cap, but a temperature of 1020 C was necessary 
befare rapid enough diffusion could take place t o  form the alloy. 

Two diffusion brazes have been made a t  920 C using a copper wafer and 
a Zircaloy-2 end cap vapor plated with a 0.002-inch thick beryllium 
f i l m .  The closure i s  being examined metallographically t o  check i t s  
in tegr i ty  

ProjectiorL Welded Brazed Closure. 
closure is  being developed as an al ternate  closllre, A four-inch NPR 

The projection welded brazed 

innsr element, using these closures has passed a one-hour 400 C steam 
autoclave test and t w o  others are  currently undergoing 80-hour 300 C 
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water autoclave t e s t ing .  The use of paper wrapped steel  center 
plugs appears t o  eliminate arcing against the clad. 
cap shape has overcome the weld problems. It remains t o  be de- 
termined whether 100 percent bonding of the Zircaloy cap t o  the 
uranium is being accomplished. 

Changing the 

Self-Brazed Closures. 
the flow of uranium o r  uranium alloys in to  the annuli between the 

Four approaches t o  the problem of preventing 

Zircaloy cap and the Wrcaloy sidewalls were experimzntally t r ied:  

1. Using the familiar V-contoured cap, the slant faces of 
the V only were plated with Cu and N i ,  and then tinned. 
After assembly and electron beam welding, the end of 
the test element was processed i n  the seam welder i n  the 
325 Building with hand manipulation and three differerit 
power set t ings.  The closure was then hot-pressed in  the 
Sciaky heavy duty welder as described In  e a r l i e r  reports. 
Subsequent ultrasonic tes t ing  showed the bonds, both a t  
the  U/Zry interface and at the  Zry/Zry interfaces,  t o  be 
essent ia l ly  sound. Incremental removal of the slug end 
by l a the  turning, with electrographic tes t ing  f o r  uranium 
a t  intervals  indicated tha t  with proper adJustment of the 
seam welder and welding conditions, the Zry-Zry bond may 
be made sound enough t o  prevent the p l a s t i c  flow of uranium 
in to  the annuli. This system has the advantage t h a t  r.0 
corrodible material is introduced in to  the bond; hence, 
it w i l l  offer  maximum resistance t o  corrosive-type fa i lure .  
However, the mechanics of the operation are rather un- 
wieldy and comparatively slow, A f ixture  f o r  mechanically 
guiding the element i n  the welding process is  being made 
up, and further t r i a l s  under more ideal operatmg conditions 
are anticipated.  

2. hrocedure was the same as fo r  the f i rs t  approach, except t ha t  
both the side w a l l s  and s lant  faces were "tinned" w i t h  the 
Zr-Cu-Mi a l loy  before assembly and electron beam welding 
After Sciaky pressing, t h i s  specimen, too,  appeared essen- 
t i a l l y  sound i n  the ultrasonic t e s t  
some spikes of uanium al loy within 0.080-inch of the end 
face,  
bonding alloy. 

Dissection showed 

The annuli were almost en t i re ly  f i l l e d  w i t h  the 

3. The standard cap was grooved midway on the side w a l l s  and 
C u - N i  plated Zircaloy wire snap rings were ins ta l led  i n  the 
grooves. 
cess of Zr-Cu-Ni a l loy in the grooves, 

The cap w a s  then induction-heated t o  form an ex- 
After assembly and 
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electron beam welding, the slug was hot-pressed i n  
the Sciaky welder, After removal of 0.072-inch 
from the end face, LO uranium nad yet been en- 
countered IJ anrj.uli. Howeverr the width of the 
annulus w a s  excessive and presumably it would have 
lower corrosion resistance than i s  desirable. 
There appeared a l so  t o  be more erosion and thinnira  
of the jacket than is experzenced i n  other processes 
except pre-piacement brazing. 

Flat-faced caps equipped with 0.075-inch tapered sk i r t s  
were pre-tinned on the faying surfaces and electron beam 
welded into elemeat ends having matching contou-r. These 
were then Sciaky pressed. 
sound bonds, and Subsequent incremental removal by la the  
turning did not encounter any uranium i n  the annuli on 
one end clear  down t o  the U-Zry interface.  On the other 
end, some t i n y  spikes of uranium were found a t  0.075- 
inch depth. This approach appears a t t rac t ive  from the 
standpoint of operating time and simplicity,? but loses 
whatever advmtage might accrue from the V-groove con- 
t o u r ,  Also,  the Zr-Cu-Mi alloy layer i n  the mm.ulus 
may be l e s s  res i s tan t  t o  corrosion than desired. Auto- 
clave tes t ing  of more pieces of t h i s  type i s  anticipated. 

4 J  

Ultrasonic tes t ing  indicated 

Fuei Elemect Heat Treatment, N-outer tube coextruded stock with 
core material containing 6bO ppm Al and 400 ppm Fe has been given 
a variety of heat treatments t o  observe the e f fec ts  on compound 
s ize  and dispersion, grain s i ze ,  clad-core bond and hardness, The 
treatments included the effect  of beta temperature holding time, 
gamma temperatxre holding times and subsequent alpha temperature 
soaking. Metallographic examination i s  i n  progress. Hardness data 
thus f a r  has shown minimum hardness following beta heat treatment 
ar,d 600-640 C aipha soaking. 
lower alpha temperatures. Thickening of core-clad bond by diffusion 
a t  300 C i n  the gamma phase reduced i t s  strength t o  the point t ha t  
bond fracture  occurred on quenching. Bonds of equal thickness pro- 
duced by lcng periods m the beta phase were not fractured i n  
quenching, probably due t o  the reduction i n  s t r e s s ,  

I n i t i a l  harderiing w a s  observed a t  

MPR Outer F u e l  KLenent Support. Testing of the s t e e l  clad support 
f o r  the N-Reactor fue l  element assembly is  continuing in the 306 
Building. Fcliowing previously reported tests (five-foot long 
process tube section) f a c i l i t i e s  were scaled up t o  accommodate 
longer tube sections. 
used t o  "shake dowA" f a c i l i t i e s  and eqapment before using longer 

A 17-foot long sectioE of process t a b k g  was 

1 2 3 0 1 0 3  
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tubes. Seven elements, f ive  under s t a t i c  water conditions, and 
two under 30 gprn water flow rate ,  were charged through the tube 
with no evidence of tube damage. 

A 52-foot eight-inch length of tube was cleaned in the same manner 
(one hour detergent soak, f lush r inse,  high velocity water j e t  i m -  
pinged on w a l l  full length), and s e t  up t o  t e s t  a t  a 30 gpm flow 
rate .  
one se t  of supports. 
nineteen feet  f romthe discharge end of the tube. 
seventeen fee t  the scratch divided in to  two scratches, apparently 
where the second support crossed the original scratch. 
scratches continued i n  a criss-cross pattern t o  the end of the tube 
(17 f e e t ) .  The scratches are about 0.0002 t o  0.0006-inch deep, and 
0.002 t o  0.004-inch wide. 
an object i n  the i ron shoe and breaking the oxide film. 

me other set of supports passed d i rec t ly  over a projection on the 
tube w a l l  which severely gouged the supports. 
mained i n  place and no scratching was i n i t i a t ed  by the gouged 
supports, 
cleaned with the j e t ,  and tes t ing  resumed. 
have now been charged (singly) through the tube with no.evidence of 
scratching. 

The first fue l  element scratched tne tube on one side, i . e . ,  

A t  approximately 

The two 

A single scratch s tar ted a t  approximately 

It appears t o  have s ta r ted  by imbedding 

The projection re- 

The tube w a s  rotated approximately ninety degrees, re- 
Seven additional elements 

Fabrication of N Inner Supports. Di f f icu l t ies  encountered of f -s i te  
i n  producing required quantit ies of N inner supports of acceptable 
quali ty have resulted i n  a laboratory program t o  fabricate  a demon- 
s t r a t ion  quantity of supports. 
develop a method f o r  making Zircaloy-2 s t r i p  that  has consistently 
high bend duc t i l i t y  (one which w i l l  make a crack free bend through 
a bend radius of 1 . 5  times the s t r i p  thickness). Another phase is  
t o  develop t e s t  and quality control mthods on which process speci- 
f icat ions fo r  the production of supports may be writ ten.  

The sheet forming processes investigated so f a r  show defini te  evidence 
that  the texture of Zircaloy-2 has a large effect  on i ts  bend duct i l i ty .  
Grain s ize  has a smaller, but important, e f f ec t ,  
is  one i n  which a s t r a i n  i n  the length direction of the s t r l p  produces 
a high reduction i n  s t r i p  tniclmess. High bend duc t i l i t y  has been 
found t o  ex i s t  i n  extruded material. A major e f fo r t  I s  being directed 
toward producing the desired textures by econormcally feasible fab- 
r icat ion methods. 

One phase of the program is t o  

The desired texture 

A cyclic flexure t e s t  was developed fo r  completed supports that  c lear ly  
distinguishes cracked or poor quali ty supports from acceptable supports, 

1 2 3 0 1 0 4  
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Fuel Deformation Studies. Samples fo r  density, metallography and 
burnup were cut from Zircaloy-2 clad uranium rods irradiated w i t h  
intentional s t r ia t ions  i n  the cladding up t o  t h i r t y  percent of the 
nominal cladding thickness. Metallographic examination of a sample 
with 3.5 percent t o t a l  cladding s t r a in  has shown tha t  some localized 
deformation i s  occurring i n  the region of the s t r ia t ions .  This i s  
evidenced by the uranium direct ly  under the seven s t r ia t ions  in the 
cladding moving outward from i t s  normal c i rcular  contour. However, 
even i n  t h i s  sample, with s t r ia t ions  of 30 percent of the cladding 
thickness, the localized straining accounts f o r  only a fract ion of 
the t o t a l  cladding s t ra in .  This observed lack of localized defor- 
mation i s  i n  agreement with observations on fue l  elements irradiated 
a t  cladding temperatures of 350 C and above. 

Density measurements show swelling of the unalloyed uranium t o  be 
between 3.1 and 3.3 percect a t  an approximate volume average 
temperature of 535 C. 
a t  0.16 a/o, Density decreases f o r  the U-2 w/o Zircaloy al loy fuel  
are  much larger,  being 7.7 t o  8.3 percent a t  approximately the same 
volume average temperatureso 
samples given an average value of 0.2 a/o. 

The burnup on these samples i s  estimated 

Burnup measurements on the al loy 

Fabrication of components fo r  a second i r radiat ion t e s t  of fuel  rods 
w i t h  non-uniform cladding thickness has continued. mchining, 
welding and autoradiographing of the elements are complete. 

Glass Extrusion Lubricants. 
attempting t o  f ind a suitable lubricant fo r  coextrusion purposes. 

Four lead glasses were prepared i n  

Plasma spraying of the glass par t ic les  was attempted as a means 
of applying the glass t o  the b i l l e t  i n  a uniform coating, but 
proved unsuccessful. Two glasses were evaluated by brush coating 
two Zr-2 b i l l e t s  and hot extrusion w a s  performed in the 700-ton 
press. Both b i l l e t s  had extrusion constants comparable t o  copper 
clad b i l l e t s ,  but caused gall ing of the die, notably towards the 
end of the extrusion. This behavior may be explained by the f ac t  
t ha t  as the glass lubricant neared the die  throat,  the increase i n  
speed caused the glass t o  lose i t s  lubricating properties. 

Extrusion Behavior and Properties of Zirconium Alloys. Corrosion 
t e s t s  i n  750 F, 1500 ps i  steam and 680 F water are continuing fo r  
a ser ies  of zirconium alloys of two oxygen levels  and varying t i n  
content. Current exposure is  approximately 70 days. A t  the las t  
inspection the l o w  oxygen ser ies  had lower weight gains than the 
high oxygen ser ies  and had lower weight gains with increasing t i n  
content. Room temperature tens i le  t e s t s  have been completed f o r  
these materials and elevated temperature t e s t s  are  i n  progress. 
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The room temperature t e s t s  have shown increases i n  yield and tens i le  
strength and decreases i n  duc t i l i t y  with increased oxygen or t i n  
content 

Crud Probe. 
couples have been assembled. The Zircaioy-2 clad thermocouple, 
Zircaloy-2 end cap, and Zircaloy-2 conical sleeve above the end 
cap w i l l  be brazed together i n  the closure brazing operation. 
pieces will be used In ex-reactor studies. 

A one-inch d i e t e r  rod with a O.5-Inch diameter uranium core and 
O.25-inch Zircaloy-2 cladding has been successfully extruded by 
Fuels Fabrication Development Operation. This extrusion i s  being 
evaluated f o r  possible use i n  the development of a pcwer probe t o  
be used in crud deposition studies. 

Four one-inch diameter crud probes with short thermo- 

These 

In-Reactor Rupture Device. An N inner fue l  element w a s  rJptured in 
the  ETR P-7 Loop a t  high temperature and pressure, using a new nip- 
tur ing device which can be adapted t o  any surface of an N fue l  ele- 
ment. 
cuts a small s l o t  through the cladding of the f u e l  element. 
of t h i s  device permits the rupture tes t ing  of an i r radiated N eleiaent 
without pre-selection and defecting p r io r  t o  i r radiat ion.  

The rupture device i s  a hydraulically operated shaper tha t  
The use 

2. REAC'I'OR PROGRAM 

Gas Atmomhere Studies 

Hydriding of Zircaloy-2 i n  Hydrogen-Carbon Monoxide-Helium Mixtures, 
Last month data were reported showing accelerated hydridicg of Zr-2 
a f t e r  two weeks a t  325, 375 and 425 C i n  a carefully purified lk - 
4$ H2 - 2$ CO mixture. In a recent experiment Zircaloy was e q o s e d  
a t  375 and 425 C t o  the same purified gas af te r  the gas had xmtac+,ed 
a 600 C graphite bar t o  allow some water f o m t i o n  by the reverse 
water gas reaction: In contrast t o  the previcur 
results the water generated by this reaction formed oxide filE- cr the  
Zircaloy; however, no water was detected i n  the effluent gasz 
appears that  the water formation ra te  was insufficiezit t o  match the 
Zircaloy consumption rate and the samples gettered a i l  available water 
This conclusion i s  strengthened by the oxide weight gains OL the 
samples showing a def in i te  posit ion e f fec t  with samples cearest  the 
gas i n l e t  having the most oxide 
were sub-normal f o r  t h i s  time a t  temperat,se, The current theory cf 
gas phase hydriding would predict  that  the samples snould have hy- 
drided. Half of the samples have been analyzed t o  date a l l  have 
shown hydriding including pre-autoclaved samples, 

H2 + CO 17 H20 f C +  

It 

The weight gairs  of a l l  the samples 

1 2 3 0 1 0 b  
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A new experiment has been s tar ted similar t o  the previous ones, 
except a bed of graphite chips a t  750 C was substituted f o r  the 
grapnite bar t o  increase the r a t e  of the water formation reaction. 
No data from t h i s  experiment are  yet available. 

Electr ical  Resistance Measurements of Zro;! Corrosion Films. Addi- 
t iona l  measurements have been made on the e lec t r ica l  resistance of 
the corrosion f i l m  on two pairs  of alpha annealed and beta quenched 
Zircaloy-2 samples. The resistance of the f i r s t  pa i r  was measured 
after oxidizing 24 hours in low pressure water vapor; the second 
pa i r  a f t e r  24 hours autoclaving i n  400 C,  1500 ps i .  In both cases 
the results confirmed those reported las t  month t h a t  the corrosion 
film on the beta quenched sample had a lower e lec t r ica l  resistance. 
Similar measurements on crystal  bar zirconium showed no significant 
difference i n  e lec t r ica l  res is tssce between the alpha annealed and 
beta heat treated samples. This was t o  be expected since pure z i r -  
conium has l i t t l e  or no second phase material t o  take in to  solution 
by heat treating. 
treatment on the semi-conducting properties of the corrosion film. 

Thus, there would be no effect  from solution heat 

Preliminary tests i n  the laboratory have been completed on a cap- 
sule fo r  measuring the e lec t r ica l  resistance between a zirconium 
oxide f i l m  and graphite. Two cycles have been completed i n  which 
the oxide resistance changed from 10 megaohms t o  15  ohm depending 
on the oxidizing character of the gas environment. 
i s  controlled by the moisture content of the helium over the sanrple 
Resistance measurements obtained w i l l  be compared t o  in-reactor 
measurements. The capsule i s  ready t o  be charged in to  KE-Reactor 
and charging should be accomplished during tne next reactor shut- 
down * 

"he resistance 

Graphite Burnout Monitoring. 
Authorization (PCA) designed t o  minimize a i r  in-leakage and reduce 
the inlet  dew points continued t o  be demonstrated by results a t  
H-Reactor. 
discharged from channel 2577 at  H-Reactor a f t e r  47 operating days. 
A graph of the burnout prof i le  showed a peak maximum of 2$/KQD a t  
a distance 80 inches in to  the graphite stack and a smaller peak of 
l$/KOD a t  200 inches. 

The previous tes t  conducted pr ior  t o  the PCA from October 1961 t o  
May 1962, indicated the same peak locations but s l igh t ly  higher 
peak ra tes  of 3 and 2$/KOD, respectively. 
measured a t  H was lg$/KOD i n  the period from 9/14/60 t o  10/23/61~ 

The effectiveness of a Process Change 

(3n August 2, 1962, small graphite burnout monitors were 

The hignest burnout r a t e  
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Monitors in channel 3461 a t  B-Reactor from June 12 t o  July 23, 
1962, showed only one peak. 
a t  l3O'inches in to  the stack. 
same peak rates and locations as those i n  the previous tes t  period 
from April 7 t o  June 16, 1962, 
had not been completely implemented, 

Its height w a s  approximately 7$/KClD 
These measurements showed the 

In t h i s  reactor, however, the PCA 

A t  the next scheduled outage of B-Reactor two additional burnout 
monitoring channels, 0373 and 1376, w i l l  be put i n to  service. 
It i s  planned tha t  monitors l.125-inch in  d i amte r  w i l l  be in- 
serted along with the regular 0.43-inch ones, reducing the surface- 
to-volume r a t i o  by approximately om-third.  This should furnish a 
be t t e r  basis on which t o  predict the burnout rate of the moderator 
bars themselves 

Corrosion and Coolant Systems Development 

In-Line Analysis of Reactor Coolants. 
analyzer consists of a galvanic c e l l  w i t h  s i l ve r  and zinc elec- 
trodes. 
continuously through t h i s  c e l l o  
releases zinc ions and reduction of the dissolved oxygen produces 
hydroxide ions i n  the sample stream. 
by t h i s  oxidation-reduction process i s  d i r ec t ly  proporticnal t o  
the dissolved oxygen concentraticn= An e lec t ro ly t ic  c e l l  i s  an 
integral  par t  of t h i s  analyzer and is  used t o  generate oxygen gas 
f o r  calibration of the analyzer., 
evaluated f o r  application i n  pressurized water reactor cooldnt 
streams containing t race amounts (0-100 ppb) of dissolved oxygen, 
Laboratory scale tes t ing  of t h i s  arialyzer i s  nearly complete> 
Variables evaluated t o  date include response t i m e  temperature 
effects ,  flow effects ,  conductivity effects ,  and use cf h tn ium 
hydroxide versus calcium carbonzte f o r  conductivity con5rol 
general, the  analyzer works sa t i s fac tor i ly  

The dissolved oxygen 

During operation the sample stream t o  be analyzed flows 
Oxidation of the zinc electrode 

The c e l l  current generated 

This instrument i s  being 

21. 

During the KER-3 hydrazine injection t e s t ,  the ccmpos-~tisn r,f 
the coolant w a s  monitored continuousiy w i t h  an autcmatic, vet 
chemical analyzer, This t e s t  demonstrased That the prcredure 
is  highly accurate and sensit ive t o  hydrazine content i n  +,he 
0 t o  1.2 ppm range. 

A proposed procedure for ammonia analysis w a s  evaluated for t h e  
0-250 ppb concentration range, 
t o  within 2 10 ppb ammmia i n  t h i s  concentration range, 

The analyses were reproducible 

1 2 3 0 - l O 8  
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Evaluation of a sodium sensit ive electrode continued. This 
electrode measures sodium ion concentratioxis i n  the same 
manner, and with the same equipment, as standard electrodes 
measure the hydrogen ion concentration. 
being evaluated f o r  use i n  the NPR secondary coolant system 
t o  detect  r a w  water leakage from the dump condensers i n to  the 
secondary coolant system. The recommended operating procedure 
involves adjustment of the solution pH t o  9-11 with ammonia or 
morpholine, t o  minimize interference from hydrogen ions, before 
the sodium ion concentration i s  measured. Preliminary tests 
demonstrated tha t  the readings obtained fo r  ident ical  sodium 
ion concentrations are  extremely pH dependent. 
the solutions w i t h  the highest pH values yielded the most re- 
producible ar*d more nearly linear potent la l  versus concentra- 
t i on  curve a 

This electrode i s  

Ia general, 

KER-3 Hydrazine Injection Test. 
tes t  w a s  DerfOrIIEd i n  KER-3 during a reactor outage. 

A four-day hydrazine injection 
The purpose 

of t h i s  test was  t o  determine whether hydrazine is  an effective 
scgvenger for  the oxygen produced by radiolytic decomposition of 
reactor coolant streams during reactor s tar tup operations a t  low 
coolant temperatures. 
hydrazine inject ion rate was re la t ive ly  low, and considerable 
oxygen (19 ppm) and hydrogen peroxide (6.5 ppm) were formed by 
decomposition of the coolant. 
ra te  w a s  subsequently increased t o  maintain a 0.5 ppm hydrazine 
residual concentratioL, the oxygen and peroxide concentrations 
decreased rapidly t o  very nearly negligible levels .  

During the ear ly  portion of the tes t  the 

When the hydrazine injectSon 

Corrosion of Zircaloy Under Heat Transfer Conditions. The fourth 
test i n  TF-3 w a s  completed during the month. 
were clamped against an Inconel-clad heater rod with a th in  sheet 
of gold placed between the two materials t o  serve as a gasket. 
The Zr-2 w a s  exposed t o  580 F bulk water a t  a pH of 10.0 (using 
LiOH) and a heat f lux of 280,000 Btu/hr-ft2. 
temperature i s  estimated at 640 F based orl heat t ransfer  equa- 
t ions ,  
incipient boiling conditions. Visual observations of the samples 
a f t e r  437 hours of exposure revealed no untoward corrosion on 
the external surface of the Zr-2, The gold gasket had bonded t o  
the Zr-2 inner surface i n  places; boriding was a lso  observed be- 
tween the Inconel and the gold, Despite the close f i t  between 
components, it w a s  quite evident tha t  the loop water had seeped 
in to  the crevice between the gold and Zr-2. While the Zr-2 was 
not severely corroded, white corrosion product had formed on 
areas of the s n f a c e  where concectration of the LiOH had taken 

Samples of Zr-2 

The surface 

The  loo^ pressure w a s  maintained a t  2000 p s i  t o  produce 
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place. 
exposed t o  the loop water, but these areas appeared otherwise 
normal, The samples w i l l  be examined merallographically w f t h  
specific inspection f o r  possible hydriding in regior-s of white 
oxide formation. 

Some crud deposition had occu-red on areas of the sample 

Metallographic examination of the Zr-2 heat t ransfer  sample frorn 
the th i rd  tes t  i n  TF-3 has been completed, The sawle h a d  been 
exposed t o  580 F water f o r  158L hours at a heat f lux of 2eO)OOO 
Btu/hr-ft2 and a pH of 10.0 using LiOH,  Incipient h i l i n g  cmdi- 
t fcns  were maintained with a Zr-2 surface temperature estimated 
a t  637 F. L i t t l e  hydriding was observed and the amount present 
w a s  comparable t o  as-received material 
hydrides existed,  indicating l i t t l e  i f  ar,y migration had oxcurred. 
Internal Zr-2 temperatures are  es tmated a t  800 F o  
of reduced diameter, cracks h d  formed in the Zr-2 surface, 

UCI apparent. z x e s  of 

In a region 

Corrosion of Materials i n  NPR Graphite Ccoling Water System 
tes t  t o  determine the corrosion ra te  and crud release ra te  ~f 
A212 carbon steei  and 304 stainless s t ee l  LE simulated NPR graphite 
cooling system water i s  continuing. 
is 1850 hcurs. 
0.05 mil/year and the stainless s t e e l  ccrr3sion r a t e  i s  pegligible. 
Crud release does not appear t o  be a problem, 

A 

Total accumulated exposure 
The carbon s t e e l  eorrcsiorj. ra te  i s  l e s s  than 

Single-Step Tkcontaminant f o r  NPR Carbor- Steel  System, 
tes t ing  of the proprietary bisulfate base material as a me-step 
decontaminant f o r  carbon s t e e l  has been c c q l e t e d .  
effect ively decontaminated carbon s t e e l  samples bdt  xas exces- 
sively corrosive t o  carbon s tee l  Lnsulated saq;es of carbcr? 
s t ee l  were corroded apprcxinately m i i x m l y  a t o t a l  Gf 2 3 r i b  
during a 60-minute exposure in a 2 5$ ,cs;ution at! gc c Severe 
crevice corrosion vas apparent a t  suppcrt contact pGrnts T%se 
results were quite a t  variance w i t h  r esLts  reported by the mr--d- 
facturer ,  This w a s  discussed w i t h  tne mnuf'dzturer, s sqresenta-  
t ives ,  and samples were given t o  them fcr a d d i T x r a l  Tes5ir-g 

Extensive 

This material 

St  ruc turai Mate r ials Developmert 

B u r s t  Tests 2f PPR and KER Tkbing Burst t e ~ t , s  ax t h r e e  tempera- 
tures have been completed on four types of NFR process tubir,g 
and one cf KER Results are tabulated bel2w Each efitry 15 the 
average of three Tests 

W 
1 2 3 0 1 1 0  



A-14  

Ultimate Hoop . Circumferential 
Stress (psi) Elongation ($) 

Room Room 
Temp. 150 C 300 C Temp 1 5 0 C  300C 

Cold 
--- Type Work Vendor 

-7 

NPR 15 Harvey Aluminum 

NPR 18 Chase Brass 

105 > 700 80 ,,400 62 400 17.4 30.2 32.7 

106,300 78,300 61,300 16.8 28.1 20.8 

NPR 30 Harvey Aluminum lO9,OOO 82,100 63,500 21,l 34.2 36.3 

NPR 35 Allegheny-Ludlum 115,300 83,700 65,500 5.8 23.1 19.5 

KER 30 Harvey Aluminum 116,200 84,400 67,,000 10.8 21.1 12.4 

Although the t o t a l  spread in hoop strength a t  a given temperature 
f o r  the NPR material i s  not great,  it shows f o r  the most par t  a 
consistent increase with increasing cold work. The strength of 
the XER tubing is  s ignif icant ly  higher than might be expected on 
the basis of cold work. A t  the same t i m e  i t s  creep ra te ,  as 
reported last  month, i s  about four times higher than tha t  of the 
NPR material. Whether t h i s  anomalous behavior i s  the result of 
differences i n  geometry or i n  structure and fabrication his tory 
i s  yet t o  be determined. 

Ductil i ty of the NPR tubing fabricated by Earvey Aluminum Company 
is  markedly superior, par t icular ly  a t  higher temperatures. 
Reasons f o r  t h i s  behavior as w e l l  as i t s  possible e f fec t  on 
b r i t t l e  f racture  character is t ics  w i l l  be the sabject of future 
investigation. 

Prototype Irradiated Burst Vessel. 
the vendor and coded in. compliance w i t h  Section VI11 of the ASME 
Pressure Vessel Code f o r  an internal  pressure of 200 psig. 
vessel w a s  then returned t o  Hanford and has been ins ta l led  i n  the 
327 Building Wet Storage Basin. 

The vessel was  returned t o  

The 

&le non-irradiated piece of cold worked PRTR tubing w a s  success- 
f u l l y  burst i n  the f a c i l i t y .  The conditions of the tes t  were: 

M a x i m u m  Pressure 6080 p s i  
Burst Pressure 5840 p s i  
Temperature 300 C. 

The internal  pressure build-up i n  the vessel a f t e r  tne sample 
ruptured w a s  measured t o  be 38 psig. 

I 2 3 0 1  I I 
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Graphite Studies 

Stored Energy. 
radiated t o  10,500 Mwd/At (9.2 x 1020 nvt, E > 0.18 M e V )  i n  Hanford 
cooled tes t  holes w a s  redetermined a t  670 cal/gm rather than 
650 cal/gm reported previously. A computational e r ror  had produced 
the earlier result. Because of t h i s  change, it appears tha t  the 
t o t a l  stored energy has not yet f u l l y  saturated. 

The t o t a l  stored energy i n  graphite samples ir- 

The results fromtwo series of samples, which were exposed i n  the 
cooled tes t  holes and then given five-minute anneals a t  various 
selected temperatures, were a l so  received from N.B.S. These re- 
sults substantiate previous data which indicate tha t  the stored 
energy releasable may exceed the specific neat of' the graphite i n  
the approximate interval  1200-1600 C . 
NPR Graphite Irradiations.  
and H-6-1,  of the series of long-term irradiat ions of NPR graphite 
i s  unchanged from l a s t  mnth .  
General Electr ic  Test Reactor is  having an extended outage pr ior  
t o  Cycle 36. 
the reactor. 

The s ta tus  of the two capsules, H-4-2 

Due t c  maintenance problems the 

A t  the end of the cycle, H-6-1 w i l l  be removed from 

Construction of the second of the second-generation capsules, H-5-2, 
i s  complete and the capsule i s  awaiting shipment. It w i l l  be in- 
s t a l l ed  in the D-7 posit ion of the GETR during the f i rs t  week i n  
September. It is scheduled f o r  an i r radiat ion period of f i ve  re- 
actor  cycles. 

Thermal Hydraulic Studies 

Visual Studies of the Effects of Fuel Supports on Boiling. Labcratory 
experiments were continued i n  the study of heat t ransfer  conditions 
as affected by devices used t o  center fue l  elements i n  the process 
tubes of the  Hanford production reactors,  The tes t  section f o r  the 
la tes t  experiments consisted of a 1.340-incn OD e l ec t r i ca l ly  heated 
tube placed inside of a 1.504-inch I D  glass tube with tne water 
coolant flowing i n  the annulus between the two tubes, The elec- 
t r i c a l l y  heated tube had different  types of fue l  centering devices 
attached t o  the heated surface, These represented the s>appcrts 
f o r  fue l  elements i n  an overbore tube fo r  C-Reactor, a "suitcase 
handle bumper" f o r  BDF reactor, an .elliptical-snaped bumper f o r  BDF 
reactor, and an aluminum oxide support often used f o r  e l ec t r i ca l  
insulation on tes t  sections i n  the heat t ransfer  laboratory, 

1 2 3 0 1 1 2  



Run 
No 

28 

- 

29 

30 
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32 
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The experiments were run a t  flow conditions corresponding t o  those 
i n  the flow annuli of central  zone tubes (32.4 gpm) and fringe 
zone tubes (18.6 g p m ) .  Visual examination and nigh speed motion 
pictures were made of the tes t  section wnile the heat generation 
w a s  gradually increased. The following i s  a summary of the data. 

Conditions 

Central zone, coaxial place- 
ment, "C" overbore self 
supports. 

Fringe zone, coaxial place- 
ment, "C" overbore self 
supports . 
Fringe zone, coaxial place- 
ment , "C" overbore self sup- 
ports and "BDF suitcase 
handle bumpers" both i n  f i e l d  
of view. 

Fringe zone, coaxial place- 
ment, BDF e l l i p t i c a l  bumpers 
and aluminum oxide supports 
both i n  f i e l d  of view. 

Central zone, coaxial place- 
rnent, BDF e l l i p t i c a l  bumpers 
and aluminum oxide supports 
both i n  f i e l d  of view. 

Fringe zone, "BDF suitcase 
handle bumpers" touching 
glass tube (0.040-inch 
annulus ) 0 

Heat Flu 
Btu/hr-sq f t  Comments 

455,000 and No boiling vis ible .  
700, ooo 

206, ooo No boiling visible.  
318,000 and 
452 , 000 

444,000 and No boiling vis ible  A 
788 , ooo f e w  small bubbles issued 

from under downstream end 
of the BDF bumper. 

204 , 000 
311,000 and 
610 , ooo 

A few small bubbles 
issued from under center 
of e l l i p t i c a l  bumper. 
Some bubbles originated 
on surface. 

455,000 and No boiling vis ible .  
660, ooo 

204,000 and 
301 , 000 

No visual evidence of 
boiling a t  b q e r  but 
large amount of small 
bubbles originated on 
t e s t  section surface. 

From these experiments it can be concluded t h a t  l i t t l e  boil ing is 
in i t ia ted  on fue l  elements due t o  the centering devices when the 
fue l  i s  centered coazially within the process tube. Additional 
tests with eccentrically located heater tubes are planned. 
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Hydraulic Tests. A nine-tube segment of an 11-foot long titanium 
tube bundle used i n  l iquid waste evaporators was examined fo r  vi- 
bration i n  simulated operation t o  determine i f  the tubes would 
s t r ike  one another. Vibration measurements with the bundle sub- 
merged i n  water and a i r  bubbled past the tubes showed a frequency 
of about 10 cycles per second with a maximum amplitude of 2 0.04k- 
inch compared t o  a tube separation of 0.125-inch. Vibration mea- 
suremnts have not been completed for the bundle heated with steam 
but in i t ia l  measurements indicate vibration frequencies of 10-12 
cycles per second with maximum amplitudes of 2 0.040-inch. 

Boiling Burnout Data. 
0.444-inch I D  internal ly  cooled heater tubes were compared w i t h  
similar data obtained by GE-APED (GEAP-3843) using 1/2-inch OD 
externally cooled heater rods. 
data was very good. 

Burnout data obtained a t  Hanford using 

Agreement between the two s e t s  of 

The Hanford data were obtained with horizontal t es t  sections of 
30 and 60-inch lengths and with 144-inch long tes t  sections with 
both ver t ical  and horizontal orientation. Data i n  both the sub- 
cooled and ua l i ty  regions were obtained. mss velocit ies ranged 

1015 p i a  and 1515 psia. 
from 5 x 10 ?. lb/hr-sq ft t o  7 x 106 lb/hr-sq f t  , at  pressures of 

The APED experiments were conducted with ver t ical  tes t  sections of 
29 and 36-inch lengths. Burnouts were obtained i n  the subccoled 
and quality regions, a t  mass velocit ies ranging from 5 x 105 lb/ 
hr-sq f t  t o  6 x 106 lb/hr-sq f t ,  and a t  pressures of 1000 and 
 LOO ps ia ,  

Comparisons w e r e  made by plot t ing burnout heat f lux versus coolant 
enthalpy f o r  each pressure and mass velocity. In  cases where ?-up- 
l i c a t e  experimental conditions were obtained a t  the two sites, 
agreement between the data w a s  excellent. In other cases, where 
the experirriental conditions were not daplicated exactly, the data 
from APED appeared t o  f i t  very well w i t h  an extrapolatiofi cf tne 
HAP0 data,  

B o  WEAmS - 3000 PROGRAM 

Research and development in the f i e l d  of plutonium metallurgy continued 
i n  support of the Hanford 234-5 Building Operations and weapons develop- 
ment programs of the University of California Lawrence Radiation Labora- 
tory (Project Whitney). 
separately via dis t r ibut ion l i s t s  appropriate t o  weapons development 
work 

Details of these activi-t.ies a re  reported 
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C, REXCTQR DEVELOPMENT - 4000 PROGRAM 

1. 

Plutonium Fuels Development 

Irradiatior. of Special Elements i n  the  PRTR. 
swage compacted MgQ-PuCQ 19-rod cluster fue l  element fa i led  shortly 
a f t e r  fuel  charging and reactor startup. 
c?f about 9 MWD, the element w a s  discharged due t o  excessive coolant 
ac t iv i ty .  
cycles 

Early in the month a 

Later, a f t e r  ar: exposure 

During t h i s  time, it was subjected t o  several thermal 

The ruptured rod w a s  located and removed from the cluster  i n  %he 
fue l  discharge p i t  and seEt t o  Radiametallurgy f o r  a detailed 
examination. A longitudinal s p l i t  was  found on the outside of orie 
of the omer rods i n  the cluster  about 36 h c h e s  from the tap.  
The s p l i t  w a s  about one and one-half inches long and had opened up 
abcut one-fourth inch a t  the widest point. 
had swelled nanuniformly f o r  about four inches on each s ide of the 
s p l i t .  
misslcg below the fa i lure  point (upstream end) and about s ix  inches 
of fue l  has washed out above the s p l i t  i n  the cladding (downstream 
enale  A t o t a l  of about 9.5 inches of core material which contained 
about 1.8 gms of Flutonium has escaped frcm the fue l  rod. 
maximum calculated core temperature f o r  t h i s  fue l  element opera thg  
iz the PRTR was about 900 C s o  t ha t  no appreciable in-reactor 
s inter ing was expected t o  occur. 
cont h u i n g  

The Zircaloy claddbg 

MeaSWeme1Xt6 indicate tha t  about two inches of fue l  are 

,I 

The 

Examkatior* of the element i s  

U@-FMQ Capsule Tests.  The capsule (GEH-14-85) contaking high 
density LT@ - 2.57 mole percent PuQ was discnarged frm the hCR0 
Estimat.ed expcsure is  3 x 1020 fissions/cm3 o r  10,000 W / T  of 
U@-pUQ. Capsules GEH-14-85 and 86 were returned t o  Hanford f o r  
radlmetal lurgical  examinatioo. The l a t t e r  capsule mntains high 
density IT@ - 4-13 mole percezit puQ2 and has an estimated average 
exposure af 1 7 x 102c fissior,s/cm3 3r 5600 W / T  of PCQ-PuCQ. 

A paper, m-SA-2675, summarizing the  werk t o  date on the i r radia-  
tior; t e s t k g  of 24 lJ@-PU@ capsules has been accepted fcr pre- 
senta.tios. a t  the  ANS Wiriter met ing  i n  November 1962. 

U02-Pu02 Prototype Irradiatior,  Testing. 
long cosine enriched U@-PuQ seven-rcd cluster i e  ccxtinuing i n  
RadiomeC,aLlurgyc 
fuel rods have beel; made through reglans cf high gUC$ concentration. 

Examination of the 42-imh 

More tracsverse and longitudinal sections of the 
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Central voids snd columnar grains have formed in sane areas which 
had the most severe Pu0;l segregation. 
during i r radiat ion and the voids which have formed appear t c  be 
displaced toward the top of hot spots. 
surfaces of the Irradiated fue l  rods a re  def in i te ly  associated 
wLth regions of high Pu@ concentration and resu l t  fromlocalized 
areas cf abnormally high surface heat fluxes. 

The fue l  rods were ver t ical  

Dark spots on th.e exaernal 

Phoenix Ex-periment. 
the high-exposure aluminum-plutonim samples are continuing i n  the 
MCR and ARMF. 
i r radiat ion i n  the MIIR. 
made with the sample which contaizs plutonium with i n i t i a l l y  16.33 
percent Pu-240 Fmmediately following i t s  s ixth cycle of i r rad ia tbL. .  

The i r radiat ion arzd reac t iv i ty  measuremeLts on 

All three samples have now received five cycles cf 
A reac t iv i ty  t ransient  measuremefit w i l l  be 

MgO-Pu@ and Zr@-Pu@ Irradiat ion Capsules 
capsules (one-helf-inch diameter x 4 inches long) containirig Zr%- 

Eight Wrceloy-clad 

Puw fue l  pe l l e t s  and eight containing MgO-Pu@ pe l l e t s  have corn- 
pleted t h e i r  i r rad ia t ion  in the ETR. 
10.39 w/o Pu@ pe l l e t s  as w e l l  as MgO - 3.09 w/o -02 and 13.52 w/3  
PuC& pe l l e t s  were i r radiated a t  different  core temperatures f3r 
different  pericds of t i m e .  
f o r  the Zr@-PuQ samples were 1600 and 2800 C md maximum :eqera- 
tures  fo r  the MgO-Puw specimns were calculated t o  be 1703 and 
2200 C. 
Transverse sections of the samples shcw tha t  general crackmg has 
occurred io tine specimens which operated at the lower t e q -  =ratmes 
whereas center voids and columrar grains have fcmed ir- the saql~f 
which operated a t  the higher temperatures. 

Zro;! - 2.18 w/o PuC@ ar~d 

Calculated m a x i m  core t e q e r a t u r e s  

Four of the i r radiated BQO-PuO;! samples are  beiag examiced. 

A cursory examina%ion of the Zr@-Puo;! specfmens shewed zhaz d l z -  
colored areas indicative of t o t  spots were present sn the swfac5 
cf sone of the samples. The claddizg cn m e  of the capsules :ha.: 
contained Zr%-10.39 wio PuO;! pe l l e t s  which operated at she hidhest, 
power generation t3 the highest burnup has f a i l ed  ever, Ynmgh f_nere 
were no ruptme indications duricg qx!rati.cn in the ETR. 
bJdinal cracks about one-half inch locg ar,d ms-fcurtk inch asart  
have opened up a t  one end of %he capsule, 
swelled appreciably suggesting a b r i t t , l e  type fa i lure .  
w i l l  be examined in an e f for t  t o  detem-zie the cause of I 'aiiure, 

%Jc Icr-gs- 

The capsule has not 
The s a q l e  

Ektended Surface Plutcaium Fuels a 

gram plutonium-zircocium al loy tore was rc l l -c lad  with zLrconium; 
previous plates  contained t.en-gram plu tonim cores, 
plutonium-zirconium core was assembled i n  the zfrconi1.m picture 
frame: the s t e e l  sacdwich welded shu t ,  ccid-rDllead tc c o q a c f  CBe 

In a scale-up eqe r ineG I( a t.h.Lrty- 

The bare 
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sandwich, and hot-rolled. 
however, wide spread alpha contamination existed on the p la te  
surfaces. 
except OG the edge where an alpha count of 5000 d /m existed. 
The contamination was  non-smearable but apparently rather general 
throughout the bond zone since it occurred i n  many locations and 
was not removed by abrading. Further decontamination techniques 
are  being t r i e d  on t h i s  piece. In addition, coating techniques 
w i l l  be t r i ed  on the core material i n  order t o  prevent contamina- 
t ion  in the f irst  place. 
plating and tin o r  zirconium f o i l  wrappings. Aluminum f o i l  wrap- 
ping previously used was successful i n  preventing contamination 
t o  the outside of the plate ,  but the aluminum apparently added t o  
the formation of i n t e m t a l l i c  compounds in the plutonium-zirconium 
core which in turn caused wide variations i n  the core thickness. 

The finished plate  was well bonded; 

The contamination was  readily removed by etching 

It is  planned t o  t r y  copper and nickel 

Fabrication of High Brposure Aluminum-Plutonium Fuel f o r  Physics 
Experiments. 
plutonium are  being fabricated f o r  use i n  the Physical Constants 
Test Reactor. 
are now being loaded in to  Zircaloy sheath tubes. 
i s  about 50 percent complete. 

Aluminum-plutonium fue l  rods containing high-240 

Alloy core rods were extruded about a year ago and 
The fabrication 

Que thousand high exposure aluminum-plutonium rods fo r  the l i g h t  
water c r i t i c a l  experiment are a lso being fabricated. 
and ten Al-2 w/o Pu b i l l e t s  have been cast f o r  extrusion and 
Zircaloy canning components are  being machined. 

Que hurdred 

Uranium Fuels Develmment 

Thermocoupled Fuel Element. 
assembled and delivered t o  PKl!R fo r  measurement of fue l  tempera- 
tures  at  several positions w i t h i n  the element d u i n g  operation. 
The lg-rod cluster  contains s ix  thermocoupled, fused Uo;! fue l  rods, 
two of which were fabricated by cold swaging, two by hot swaging, 
and two by vibrational compaction. 

A thermocoupled fue l  element was 

Reinforced, Large Diameter Fuel Element Cladding. 
shown that an empty four-'inch length of 2,328-inch OD x 0.060-inch 
wall Zr-2 tubing with end caps welded in place w i l l  collapse ex- 
plosively when subjected t o  1100 ps i  a t  400 C.  
cladding w i l l  not collapse under tnese conditions when connected 
by f ive equally spaced ribs t o  a 3.068 x 0.060-inch w a l l  Zr-2 outer 
tube, 
lapse un t i l  a pressure of 1500 psig a t  400 C i s  reached. In addi- 
t ion  t o  a c t k g  as a fue l  cladding strengthener, the outer tube may 
possibly be used as a disposable process tube. 

It has been 

Harever, the same 

The l a t t e r  arrangement allows the fue l  tube t o  r e s i s t  col- 
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Remote FabricELtian Studies. 
was received and operated successfully. 

Closed c i rcu i t  te levis icn aquipnent 
Calibratior, an3 z o m  

lens focusing were completed with one camera and are nearfrg 
coxnpletion with the seccad camera, 
studied. 
handling was ordered; delivery i s  scheduled fo r  Dezember. 

Lighting e f fec ts  a m  being 
The associated remote manipulator system f o r  fue l  

Thermal Hydraulic Studies 

Shutdown Cooling of the PRTR.. Studies were made t c  evaluate zefL,ods 
of cooling fue l  i n  the PRTR during a t c t a l  power cutage, 
case power t o  the primary caolant circulating pumps would he l o s t  
and some al ternate  method of removing heat f romthe r e a c t x  would 
be necessary. 

Theoretical calculatiorrs performed ir, the past  have indicated tha t ,  
fdhwing scram, natural  coavection of the primary zcolact woGd 
be adequate t o  carry fission product decay heat from the fue l  t o  
the steam generator without any boiling in  the primary system, 
However, there has beell some reluctance t c  deperd Dn t h i s  mekhod 
until the theoret ical  adequacy is  verified by experimrtation. 

Sr: such a 

IE an e f fo r t  t o  get a more accurate knowledge of f h w  during Gatural 
convection, results of PKllR pri;?usry system low-flow t e s t s  vere ex- 
amined. 
members of Test Reactor arid Auxiliary merat ion fo r  f l c w  ra tes  k. 
the range expected fo r  natural  c3nve:tim. 
p e r w n t s  were ccmpared w i t h  thecret ical  pressure drops calculated 
dming previous natural  convec+ia studies,  
tha t ,  f o r  a given natural  cxtvective head. the experimr-tal fl?.. 
ra tes  were substact ia i ly  less than the tnecret ical  v a l ~ s  (03 tke 
order of cne-half as great) .  Detai l4  descriptions cf the +est prc- 
cedure, experimental setup, and experimental da%a are be:= exa.mr,el 
ic ac. e f fo r t  t o  resoive the discrepancy between the thecre t ica i  at3 
ex-perimrital values. 

During a recen3 outage pressure drcps were measured by 

Results of these ex- 

The c;rIITpaTiScn icdLcaze1 

The experimezkal data in3i"ate t h a t  durxig a +-?a:. p d e r  :&age the 
flow rate would prGbably be zcsui"frc2er-t C i j  FrevPnt b o i l k g  i~ the 
primary systema li; such a case, howzver, it i~ expected that  ball- 
ing would provide adequats coolirig as long as fuel elenect-s are 
covered w i t h  water 

Aii al ternat ive met'md, which has beec giver, scne zQmidera tbL,  1s 
ccoling the reactcr by once-through circulatior; cf l i gh t  water. 
This would be aCCGmpliShed by Qpw-ing a twc-inch ver-? mlve rlr? The 
pressurizer ar,d depressurizir-g t h e  primary s y s t % ~ .  3r; Chat 7Jaf,er 
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could be supplied by the 100 ps i  head diesel  well pump. 
the well p q  would flow through the reactor, t o  the pressurizer, 
ar,d out the vent valve. 
t igat ing the adequacy of such a procedure : (1) how long would it 
take t o  depress-uize the system t o  the polnt tha t  water could be 
supplied by the v e i l  pumpp arld (2)  what l iquid flow rates  could be 
provided after depressurization with flow being res t r ic ted  by the 
vent valve? Cala3a:ioris were performed showing tha t  once l iquid 
flow w a s  established 111 the vent valve the flow rates  would be more 
thar, adequate t o  remove heat gelierated ir, the fue l  elements. (now 
rates  range from150 gpm fo r  a 10 p s i  pressure drop across the valve 
t o  about 475 g p m  for  a 100 ps i  pressure drop, with 100 t o  20C gpm 
being adequate t c  remove the. heat . )  However, the ca1cula';ed time 
f r o s  ini t ia t ior i  Gf blowbwn t o  the time the system pressure would 
reach 100 ps i ,  and l i gh t  water injection could be@, was i n  excess 
of 15 minutes; the blowdown beiw res t r ic ted  by steam flashing ic 
the vent valveb During t h i s  time water would be flashing t c  steam 
throughout the primary system. It i s  impossible t o  say j u s t  how 
well fuel  elemer,ts would be cooled during t h i s  period. 
procedure is t o  be used f o r  cooling during a t o t a l  power outage, 
it would be desirable t c  provide e i ther  a higher pressure injection 
pump or additional venting capacity t o  allow more rapid blowdown. 

Water from 

Twa basic questions were raise3 Lr: inves- 

I f  t h i s  

!Thermal Hydraulic Analysis of the pEiTRo A re-examination was made 
GI" the thermal hydraulic analysis of the PRTR and its fue l  elements 
with par t icular  emphasis placed or; increasirig the allowable power. 
Results of experiments with electPically heat t e s t  sectioxs were 
ccmbited with analytical  calculation t o  examine boiling burncmt 
and hydrauiic s t a b i l i t y  conditims fo r  both the Mk I (a 19-rod 
buniie fue l  element) and the Mk 11-c (a nested tubular fue l  e ienmt  
c s n s i s t k g  o r  two tubes and a center rod). 

It was concluded that. the ailcwable tube power could be increased 
from 1200 KW f c  1300 KW i f  t n e  in le t  temperature wmld be decreased 
sufficierAtly tc prevent bulk boiling at. the tube cT&iet. 
a l so  corxiuded tha t  t i e  m a x i m u  neut  flu;< could be mereased from 
1.OC!,OOO t c  about 75O.OOO Btc/hr-sq ft without violating a 1.85 
bQi2iFg b m s u t  safety f u t o r  proposed frJr t h e  A documxt 
discussing the thermal hydraulics aspects of the increased power 
gefieratisn and heat flux ir, PRl'R 1 s  being prepared. 

It vas 

MechaEical Shim Rod. Detail design cf the secor-d gen=.raticn 
mechanical shim r o d  assembly 1s apprcximately 70 percent, coq lc t ed .  

UNCLASSIFIFD 
, 

1 2 3 0 7 1 9  



UNCLASSIFIED A- 22 m-74813 

Liquid Shim Control. 
generation shim control f o r  the PRTR has been indefinisely 
postponed because of insuff ic ient  funding. 

Shim Rod Environment Control Test Faci l i ty .  
personnel and higher p r io r i ty  work limited progress on the ic- 
stallaticm of the shim rod e n v i r o w n t a l  t e s t  f a c i l i t y .  

Development work cn the l iquid secozld 

A shortage of c ra f t  

ED-1 Renovation. 
toring system for  the EDEL-I loop has been completed a rd  checked 
out. Instal la t ion of e l ec t r i ca l  wiri%> controls, afid the riew 
safety c i rcu i t  is  85 percent completed. All raw water inter t%es 
and galvanized pipe are  being removed from the deionized water 
system in order t o  maintain high water quali ty and good deionizer 
resin l i f e .  The new system w i l l  be fabricated from 300 ser ies  
stainless steel and supplied w i t h  steam condensate instead 3f 
r a w  water. All design work is complete and materials are  e i fher  
received or a re  on order t o  install a feed and bleed system fo r  
pressure cor t ro l  t o  replace the feed-bleed-steam pressurizer 
control system previously used. 

Ins ta l la t ion  of the new texperature m ~ i -  

Frett ing Corrosion Investigaticn. 
and test procedmes t o  detect  relakfve mtioo of a fue l  elemert 

Invest igatfm of equipmeck 

i n  a PRTR-pressure tube mounted frr the EDEL-I lccp contaued. 
Cansultation with Operations Research and Synthesis Qperatsofi 
on t e s t  procedures indicates tha t  an effect ive program of IL- 
vestigation of the irr-reactor mr iab les  on fue l  eiemect-precess 
tube mo3ion c811 be readily des iped .  
should enable the e f fec t  of these variables t o  be q~~LckLy 
measured. 
t i v e  motioris of the fue l  element and pressure tube czqxaer,ts 
t o  the ac%ual problem of tube f r e t t i ng  w i t h  l o q e r  term 5est.s 

Proper instrunente+fcr, 

Hcwever, it will. be necessary t r  correlate the rela- 

An eddy current technique t o  measure the relat ivz mot’,zns sf a 
PR!FR fEel el?men% azd a process t.Jbe was bench tesTed, 
icductive cc i i s  inside fue l  r3d tubes were excited w i t h  a 10G KC 
al ternat ing current sou-ce, 
volts per n i l  of tube movement w a s  obtahed,  
ehcw the technique t o  be suitable,  further wcrk t2 determir-e ‘3r- 

viroIilm3ntal e f fec ts  such as opera t i r i  temperature,+ are require5 

S t a t x r a r y  

Dfsplacemect sens i t . in fy  c;f 12 1 ~ 2 1 -  
A l ? L c ~ g k .  the r c s L t z  

Review cf fue l  element fabrlcation methcds tc accommodate eddy 
carrent inductive wils  112 fuel rods has revealed LS aericus 
d i f f i cu l t i e s .  
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Shraud Wbs RepLacemert Mockup. 
E:+,ia+,ed 3c. the  firs+, of the month and the p i t  excavatiar: and 

Work on the mckup p i t  was re- 

1ir;er i E t a i l a t f o a  has progressed t o  the minus 22-foot l eve l .  
The p i t  wi;l eventually be 32 fee t  deep. 
mxkup crazes simulating a pcrtion of the top and bottoniprimary 
shields ari3 +,he calmAdriap and design of special tools fo r  shroud 
tube reglacement, has been stopped pending ava i lab i l i ty  of funds. 
Desigz ef for t  had progressed t o  the c o q l e t e  d e t a i l  design of a 
cut-cff t ac l  fcr remcvlrig the shraud tube-top bellows weld and 
C,c the laysut of a tool fo r  removing the shroud tube-bottom tube 
sheet weld, 

Fabricatioc of the 

=let BelLcws. Pressure Tube Gas Seal. No additianal tes t ing 
drdevelopmertal work w a s  performed on the i n l e t  bellows t o  - - 
Fressure tube gas seal .  
Equipmnt Engineering Operatiox cf TRAB shat only limited addi- 
tioiial deveiopmeGt e f f c r t  was jus t i f ied  t o  f ind an al ternate  
sea l  which is  cheaper t o  fabr icate  than the B-F Zfrcaloy fe r ru le  
seal,  which has proven sat isfactory i n  laboratory leak rate tests. 

It vas agreed with Maintenance and 

Outlet Nozzle t o  Top Shield Gas Seal. 
me5aLlic gaskets of special  design have been received fo r  tes t ing.  

Highly compressible 

These gaskets proved t o  be too thick fcr the present nozzle- 
ceiitering flange arrangemmc,, as  they prevent engagement of the 
Lozzie flange with the torque lugs OIL the cezterfng flange, 
which prevents the rozzle from turning. 
the L.ZW Iiozzle hold-down arrangemefit which does not use the 
existing torque lugs. 

They may be tes ted with 

Hazards Analysis 

React.zr kinetics studles Were eactinued of a uciformly enriched 
EPRTR core zonsis'ihg eLtirely of d x e d  crystal ,  U q - k q ,  f ue l  
elemrAts.  A i l  sf the m a l %  studies for  the 0.75 w/o p1Gtor;fum 
erzriehnect level  were cap ie t ed ,  These studies k d f c a t e  tha t  
the ?uzFformiy erxiched mixed crystal ,  U@-PU@~ core can be 
operated as safely as $lie i z i t i a l  spike enrichment care contain- 
ing natural  UCQ fcel  elements arid plutcnium-aluminum spike en- 
richmeEt fue i  ~ . l e ~ c t , s  

Pressure equalization tretween the process c e l l  arid the  reactor 
ha l l  fcllowiog the occurrence of a large leak in the PKllR primary 
ccclam system was ua lyzed;  Two paths ex i s t  f o r  pressure equali- 
za t im ,  t h s  p-essure re l ie f  doors a %he steam genera-lor enclosure 
which opeL at a d i f f e r a t i a l  pressure of 4 p s i  aLd the trwo doors 
from The prxeae  - e l l  t o  "C" ?ell stairway. CcnEiderfLg only tlhe 
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100 square foot pressure r e l i e f  doors a the steam generator en- 
closure fo r  pressure equalization, the pressure difference Setween 
+&e process c e l l  and the reactor h a l l  would increase rapidly uti1 
the pressure r e l i e f  doors would open a t  4 p s i  and then drop t o  
about 0.2 p s i  a f t e r  the doors opened. Shielding blocks i n  the 
process c e l l  and "B" s e l l  cei l ing are  bolted dom t o  withstand a 
15 p s i  d i f fe ren t ia l  pressure. The cover blocks on the fue l  
examination f a c i l i t y  would be l i f t e d  by a pressure in the f a c i l i t y  
5.7 p s i  greater than the pressure i n  the reactcr ha l l ,  but th i s  
pressure d i f fe ren t ia l  i s  not expected t o  occur. 

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

Hazards Analysis. h a l o g  studies of PRCF ccre configurations srith 
100) 80, 60 and 35 percent of the f iss ions occur ing  in plutocium 
were completed. For these various ccre configurations excursions 
w e r e  i n i t i a t ed  for  two cases - with the reactcr assumed to be sub- 
c r i t i c a l  and with the reactor opera tbg  at  100 wat+ , s  power level .  
A l l  analog studies termisated by reactor scram showed no measurab12 
fue l  temperature increase. Studies of the all-plutonium loadkgs  
terminated by steam formation in the Ede ra to r  indicated co fuel. 
elenent mzltFr,g would occur a t  the peak of the excursim, 

Preparation of conrment issues of the PRCF Process SpecificatSons 
i s  approximstely 90 percent completed& Preparatior, of the f9raZ 
draf t s  f o r  approval is about 15 percent cozpieted. 

PRTR Rupture L o q  

Ccmponent, Tes thg  and Equipment Development.o 
s t r e s s  t e s t s  on the Grayloc cmnector were delayed Fen,&cg de- 

Them1 cyclicg s - 5  

l ivery  of the new EDEL-2 circulating puxp sha f to  

Essentially a l l  components, special  tools, and quipmert f r r  d t s -  
charging rupture loop fue l  elements assigned tc ED6 have beer 
completed, 
during August. 
perfcnmd t o  the point of having t h e  tube assembly ready fr-r dis- 
charge in to  the PRTR Fueling Vehicie. In genera? + p e r f c r w x e  2f 
the over-all procedure was sat isfactoryo Minor d i f f i cu l t i e s  vere 
encountered; these are b e k g  corrected by improvemerzts fo the 
tools and/or procedures e 

The present rupture loop fue l  discharging procedure, which call: 
f o r  discharging the  rupture element acd the pressure tl;be a, q ar, 

assembly, is c o q l e x  and time consunirg. 

An operational test  of t h i s  equipmen5 w a s  cor.ducte3. 
A simulated discharge of the p re s suo  +ube Was 

A sinrplerp +,hol.qh 
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longer 
chargc 
cn the 

range a?p-oacf=, i s  a cask method which w i l l  allow dis- 
cf anly the fuel el.emert while maictainhg water ccoling 
fue l  elemect G t  a l l  times. A szcpe design i s  being pre- 

Fared cf a cask t o  permit fue l  discnarge i n  th i s  manner. 
w i l l  be patterned a f t e r  an ETR cask which has proven sa t i s -  
factory i n  t h i s  type of operat im.  

It 

PFER Gas Lrjop 

Compofierit. Testing and Equipment Development 
cn the i r - reactor  t e s t  section drawings f o r  the gae loop has re- 

The " a 6 - b ~ i l t "  work 

vealed several additional requirements mt provided f o r  i n  the 
original desigr;. Qne of these p e r t a h s  t o  the themcouples  which 
monitor for  bowing of the t e s t  section, specifically,  how t o  bring 
them out of the reactor core. 
couples through the top center- flange i s  being investigated. 
A second requirement, f o r  frsquent examination of the inside sur- 
face of the t e s t  section pressure tube, necessitates the  removal 
of an i r ae r  tube which ac ts  as a thermal barr ier .  
m e r  tube f i t s  too t i gh t ly  t o  be eas i ly  removed. 
the inner l i n e r  i s  being redes iped  f o r  easy removal. 

The pDssibil i ty of bringing these 

The present 
As a result, 

The sample con",ainer cask fo r  the gas loop is  being evaluated f o r  
operabili ty.  
under way, and the design of a new sample hclder ins ta l la t ion  and 
remval t o c l  has been coqleted. ,  

Design of shippirig cradles f o r  the sanrple casks is  
. 

Effect of Vacuum Dfssoluti9,c of Autoclaved Z r Q  Films OIL the Cor- 
rosior. of Zircaloy-2 and Crystal B a r  Zirconium. Preliminary data 
fro= a ser ies  of heat t r ea tmnt s  OIL 20 mgldmc oxide films on crys- 
t a l  bar zircorLium indicate behavior similar t o  tha t  observed 
previously on Zircalay-2. 
t o  20 mimites caused CG increase in the normal corrosion rate .  
Heating fo r  60 m ~ ~ u % e ~  at  600 C increased the cxidatiorz r a t e  
appreciably (40 mg/& a f t e r  three days compared t o  20 mg/dm2 f o r  
mtreated spe cimns 1 

Vacuum heating a t  600 C f o r  times up 

IL-Reactor PRTR Pressure Tube Mmitorir,go Remvation of the present 
equpment f c r  visually inspecting and masuring f r e t t i n g  mark depths 
i n  the PRTR procese tubes i s  about 80 percent complete, 
machining of the bcresmpe shroud tube and f ical  assembly remains 
t 9  be done. The new ruggedized d i a l  gage fo r  measur- tne depths 
of f r e t t i ng  marks has beer, fabricased arid prelixnirary tes t ing  com- 
pleted, 

m y  

I3r,si t e c t i r g  i s  await,iLg c:,qleticn cf the boresccpe 
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shroud tube. The renovated equipment i s  sized t o  p e r d t  in- 
spection of the PRTR rupture h o p  ar.d gas  loo^ txbes, 
outlinir-g the proposed mcnitoring programs for the t w o  iocps 
has been sent t o  PRTR Operations. 

The Mark I11 in-reactor monitoring equipment which ccmbines the 
two present probes f o r  visual and instrument inspections i s  85 
percent complete. The Omiscope objective secticn has beer, re- 
turned from the vendor af ter  having the lecses recemented. Tne 
lenses separated when overheated by the borescope l ign ts .  
temperature actuated switch ofi the l i g h t  pcwer supply has been 
added t o  prevent d recurrence of the overheating" 
f o r  a i r  cooling the l a q  base also w i l l  be incorporat,ed i n  the 
design of a new l igh t  mount and deptn gage assembly. Fabrica- 
t ion  of the inspection probe rotating device i s  complete- 
switches have been added t o  give full probe rotat ion withsut 
over-travel. 
depth of the probe i n  the pressure tube acd the angle cf probe 
rotation has been ins ta l led  on the control console, 
probe has been assembled, and cal ibrat ion has been s ta r ted-  
Functional tes t ing  of the X-Y recorder f o r  continuous p lc t t ing  
of pressure tube inside diameters has begun. 
back of the Y signal ontG the X axis have been encountered and 
are under investigation. 

Post-Irradiation PRTR Pressure Tube Evaluatior:, NetsllcgrsFhic 
examination of the 24-mil upper fue l  elemer,t bracket corrzslori  
mark from process tube 5540 (chemiel 13563 sixwee?. ~t in5icutior, 
of an inerease i n  hydrogen ccntent, of t k  21 ccrrostx DZT'KE 
examined, only three have had a layer cf hydride zoncer2tra+?5 
ju s t  belcw the mark. 
of a slight increase i n  the number af hydride p i a t e l e t s  i n  tile 
metal baneath t h e  marks. 
under marks deeper than six mils 

A l e t t e r  

A 

Provisions 

Limit 

Readout equipment for remotely i n d i c a t k g  the 

T3-e gas gap 
' 

Problems with feed- 

In two other CZSPS there w a s  ar: iE6icJ: ix  

IL r-o case has hydrldFr,g beer, f c ~ ~ d  

Decontamir,ation of PRTR Cmqcr-ents Some compcner-r,s removed f r a ~  
PRTX were sect t o  1706-KE fsr decortaminatioc p r i m  tC =;.amina;im 
The s-candard procedure (APACE) was not  effective 
several cycles, the ac t iv i ty  levels  were not decreazr>* sLi;cienti:? 
The ac t iv i ty  couid be remved by a combinatim 0;' clechm-iczi ar-3. 
cheaical treatments but straigx: chemical t rea tner t s  5i;ci l i i - t l e  
gcod 

ET-% s ~ + ? \ T  

Scme ccupor-s were prepared from ORE of +,he c s q c n e : ~ t z  ( l rwzr  r x g  
header jumper) dnd vere t reated 1-2 several dexntamczt izg  scluticna 
t o  detenuise an effective process .  Twc-step p r c c e d c e s  were !eel 
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a1kaib.e pemanganate followed by some inkibited a c i d  or acid s a l t .  
The two-step procedLres u s k g  bisulfate ,  n i t r i c  acid, ammium 
c i t r a t e ,  or phosphoric acid were all ineffective.  
procedure u t i l i z ing  an oxalic acid compound as %he second step 
was effective,  giving a decontminatior, fac tor  of -150. 
cases, when the decontamination factors  were low, the f i lm w a s  not 

A two-step 

In all 

removed 

Frett ing Corrosioa of' Zircaloy. 
induce vibration on a PRTR fue l  element f o r  a f r e t t i n g  t e s t  in TF-7 
w a s  replaced w i t h  an air-operated vibrator when the hjjdraulic 7i- 
brator fa i led  t o  functiori properly even a f t e r  it had been checked 
a-: the factory. 
vibratior, by meam of a harderzed ba l l  revol-d.ng i n  a c i rcular  race- 
wayr The PMlR fue l  element was vibrated one week a t  80-100 cycles/ 
seeoad, and then examined. Wear of less thaa one mil deep and 
approximately 
the loose end of the cut wire wrapping of the fue l  element came in 
contact. No other wear w a s  observed. This t e s t  is being run i n  
pH 4.5 mit.er a t  3OC) Co At the next shutdown perioa the pH w i l l  be 
returned t o  10.0 tc: m r e  closely duplicate PRTR conditions. 

The hydraulic vibrator used t o  

The air-operated vibrator induces a c i rcular  type 

x &" ir? area was found on the process tube where 

Electr ical  r e s i s t i v i t y  measuremeats have been made on samples of 
C@LL ratios 1.84, 1.92 and 1.96. 
was ncf detected: however, the temperature l i m i t  for the sol id  
fmLscib i l i ty  regior- WELS readily observed. The single face 
cmtered cubic phase exis t ing above t h i s  region had an e l e c t r m i c  
acti-mtion energy of 0.50 2 0.02 eV. The activation energy in t h i s  
r e e l m  varied di rec t ly  with O/Pu r a t i c ,  as did t i e  room tenrperature 
r e s i s t i v i t y  e 

The eutectoid reaction a t  280 C 

I"r,e.ml emf' wasuremnts  at high t e q e r a t u r e  have beeri i n i t i a t ed .  
Sone problem have been eccountered w i t h  mai.nt,aiaing vacuum tc 
pr?vect oxidation. It has beeo def lnf te ly  shown t h a t  the sign 
&;id magn.'.tude of the voltage generated change when oxidatlan occurs. 

T3e p-type conductivity of Pu&,x i s  cow belj-eved t o  be due t o  tne 
alpha Pu2O3 whizh coexists w i t h  Pu& at  room teIxrpera%ure over the 
coqosi t ior ,  range of O/Pu of 1-62 to 1.98, 

Dilatomter  e,uperimeiits 011 
steresis character is t ic  ef the reduced oxides at 300 and 6 5 ~  C. 

and PUq.84 have shorn the hy- 
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ExpansiGn coefficients fo r  Pu@,x compositions are  presently 
being calculated. 
temperature x-ray diffract ion data has shown that  the expacsim 
of P u ~ . o o  can be represented by a second order polynominal. 
The program has been resubmitted t o  the IBM-7090 t o  calculase 
coefficients f o r  the interval  24-1275 C. The ea r l i e r  ccaffi-  
cients covered a temperature range of 24-1620 C and were s l igh t ly  
in er ror  due t o  an oxygen loss f romthe sample above 1275. These 
data wiU be reported shortly in m-74788. 

A l ea s t  squares f i t  applied t o  high 

Several samples with O/pu  ra t ios  of 1077s 1.80, 1.85 and 1.86 
were heated t o  600 C, held there fo r  several days, and thec 
cooled t o  room temperature a t  a ra te  of 5-10 C per hour. Re- 
sult=% x-ray powder patterns showed, f o r  each sample, a two- 
phase mixture of body centered cubic (BCC) alpha-Pu203 a d  face 
centered cubic (FCC) Puo;!. 
oxygen-deficient t o  the extent of approximately P u % o ~ o  

The latter-phase may be slightly 

Based on r e s i s t i v i ty ,  thermal expansiong x-ray diffract ion,  ard 
thennal emf experiments, a phase diagram has been constructed 
fo r  the Pu-0 system. The essent ia l  features are a eutectoid 
reaction a t  Pu9.70 and 300 C between P u q o &  a d  l?uqa98; the 
existence of a two-phase loop between 300 and 650 C and frcm 
Pu9.70 t o  P u 9 . 9 ;  and the existence of a single-phase r e g i x  
above 650 C. 
deficient f l uo r i t e  structure.  
2280 and about P"q.65. 
alpha-Pu203, has been found t o  melt congruently a t  2LOO C. This 
phase exhibits an al lotropic  transformation below 80c C- 
phase relat ions below Pu&Aes are a coexistence of beta P22Q3 aL3. 
plutonium m e t a l .  
f o m d  by reacting PL and Pu2O3. 
l ished shortly.  

This region i s  cubic and possesses an oxygen- 

Puq062, previously referred t a  as 
A melting minimum i s  shmn a t  

TLe 

P u O  appears extremely mszable and could raf, be 
This phase hagram w i l l  be pub- 

PuW Compatibility Tests 

Samples of mo;! powder and metal pawder, each 50 m d P  percen+,! 
were mixed acd pressed f o r  f i r i n g  a t  abcut 1700 C for PJG f;cd.rs 
in a helium atmosphere. Subsequent x-ray p';wdPr paktcms indi- 
cated very s l igh t  reaction fo r  a Pu@-mol.ybdeoum mxture 
observable reaction fo r  a Puw-tungsten mixture. and apparezi3ly 
complete reaction f o r  a Pu@-tantalum mixture. 
f o r  the PuO2- tantalum mixture revealed r,c" Qbbervable tar,talum l l ~ e s  
a f t e r  sintering. 

some 

The powder ?stt,err, 



, 
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temperature range 26 - 800 C. 
were prevented by oxidation of PUN a t  1 x ran Hg, a i r .  The 
l i nea r  equation which best f i t s  the l a t t i c e  data was determined 
by the method of l e a s t  squares. 
thermal expansion calculated from t h i s  equation i s  13.80 x 10- /%. 

Measurements a t  higher temperatures 

Tar The average coefficient 02 1 

Microhardness data were obtained on dendrit ic PUN formed by arc- 
melting plutonium under ane atmosphere of nitrogen. The surface 
of the specimen was electropolished i n  a tetraphosphoric acid 
solution pr ior  t o  tes t ing.  A Vickers 136 degree diamond pyramid 
indentation w a s  used with a 200-gram load. Photomicrographs snow 
cracking a t  each indentation, thus clear ly  displaying the b r i t t l e  
nature of PuN. The average diamond pyramia hardness number, DPH, 
computed from the best indentations is 370 Kg mm-20 

UO2- Wlt ing  Studies 

Motion pictures of UCQ melting under argon pressures up t a  i5CO p s i  
were taken through a microscope a t  25X magnification. 
graphically the effect  of pressure i n  suppressing vaporizatisr- f r c m  
both molten and s o l i d  U@. 

These e h m  

Graphite Welding 

There is  in t e re s t  in using graphite cans for  fue l  elements opera- 
t ing  i n  high temperature gas-cooled reactors. Brazing, g1uir;g and 
mechanical seals  have been ? s e d  a t  various s i t e s  t o  make closures, 
but there has been l i t t l e ,  i f  any, success i11 welding graphire, 

Preliminary experiments have shown tha t  a graphite cap and tube 
can be successfully welded together using magnetic force welding 
techniques. However, w i t h  the existing setup, f u l l  machir*e 
capacity i s  needed t o  obtain graphite bonding. 
t ha t  a percussive welding technique wculd be best fo r  graphit?, 

This indicates 

I r radiat ion of Swaned U r n  

It w a s  previously reported tha t  two swaged Uo;! fue l  capsules,. 
GEH-14-177 and GEE-3-52, were discharged fromthe rea, ntor a f t e s  
a t ta ining exposures of 37,000 and 53,000 MWD/Tu, respec-bively, 
Extensive post-irradiation examination, including improved mass 
spectrometric burnup analyses? indicates t ha t  the o r i g b a l  eqcsu re  
estimates were i n  error;  revised performance data f o r  tnese c a p  
sules are shown in the accompanying table .  
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Irradiatiorz Data for  
High Exposure Swaged U@ Capsules 

GEH- 14-177 GEH- 3- 52 

Cladding OD, inch 0.565 0.700 

Max, Surface Heat F l u ,  Btu/hr-ft2 
Cladding Thickness inch o o  030 0.050 

0.4 x lo6 0.4 x 106 
Eqnsure;  MwD,/% 14,200 23,200 
Fissicz Gas Release percent of 

t o t&l  formed 32.9 81.5 
xciK-r r a t i o  9495 9.57 

High Rate Densification of UO2 

TagsteL carbide dies b e i q  evaluated i n  the Dynapalr machine fcr 
high ra te  densification of Uo;! were used repeatedly a t  impact 
rressures of 350,900-400,000 p s i  without f a i l i ng*  A t  impact. 
pressures i.z excess of 350,300 ps i ,  micronized UQ009 h evacuated 
c a m  a t  1100-1200 C w a s  densified t o  greater than 10.86 g/cc 
(99 percent TD). 
ii"_ the rmge 2.03-2.04. 
S/U r a t i o  t o  < 2,01. 
circ,geIi did not cause bloating of the m, which indicat.es tha t  
eiracuac,ir@ a i r  from the cans before compacting prevects entrapinen: 
bf gas i c  the U&. 

mgeri/uranium r a t i o  of the compacted Uo;! was 
Hydroger; treatmerit a t  1000 C reduced the 

High temperature treatment a t  1750 c i n  hy- 

Irradiatiori of U02 Contairiing Tungsteri Marker Wires 

Post-irradiatLon exmination of a U@ fuel  capsule (GEH-4-72) 
whicn c r i g k a l l y  contained small tungsten wires iri a sp i r a l  array 
t e r d s  t o  cmflrni the hypothesis tha t  the high density amular  
rpg.igLZ often abserved in irradiated fue l  elements represents +,he 
rad ia l  lidt of i n i t i a l  melting. Examination of transverse CTOGE- 
sectix,s of the 1.44-inch OD fue l  element revealed tha t  the 0.01L- 
kcl-1 di-ter by 1 /4-bch  long tungsten wires or iginal ly  pres5i-k 
ic t h e  cerzral (predrcted molten) regiosl of the fue l  a re  LC longer 
preemt ;  probably becmse they sank in the molten UQ. Ceramo- 
gra2hic examication of t h i s  fue l  capsule i s  contirming. 
phot9mosaic of the  en t i re  fue l  cross-section w a s  obtaiced t o  f a c l l i -  
t z t e  the study, 

A 75.X 

Phctomoszice of F u e l  Elements 

h . teqre%a+iorA cf phenomena such as m i d  migratim, fuel. relocatior, 
w.2 ~5sr : , s t rucxra l  d-..ar!os ic irradia+,ed U@ fuels has been 

UNCLASSIFIED 
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great ly  f ac i l i t a t ed  by detailed examinatiori of large photo- 
mosaic reproductions of sections of i r radiated fue l  e1emer;ts. 
However, comparisons with similar representations cf mir- 
radiated fue l  have been needed t o  a s s i s t  i n  correlatillg 
par t ic le  s ize  dis t r ibut ion and fue l  quali ty with e f fec ts  observed 
in i r radiated specimens. 
transverse section of an unirradiated vibraticnally compacted, 
fused U s  fue l  rod was prepared. 

To t h i s  end, a ?gX photomosaic of a 

Thermal Conductivity of Uo;! 

It has been found that the high temperature thermal cocductfvity 
of U& single crystals  (measured a t  BMI fo r  Hanford Labcratcries) 
can be expressed as the sum of three components: 
v l ty  ( I p ) ,  radiative conductivity ( k r ) j  and e x c i t a t b c  process 
conductivity (hX) 

Phonon cmduczi- 

This summation can be expressed as a function of temperature (T). 

!Be constants i n  th i s  expression have been evaluated from the 
thermal conductivity data and appear t o  be of reascnabie magmtude. 

4. BAS1CSWEI;LINGPRERAM 

Irradiat ion Program . 

Two general swelling capsules charged iat=, a reactcr l a s t  nor-ft; 
are  s t i l l  under i r rad ia t icn .  
at  575 C. Two previously i r radiated zapsules remah ir, the r ea i t c r  
discharge basin f o r  additional radioact,ive decay befcre ShlpnIeE'r t.0 
Radiometallurgy f o r  disassembly. 
(#11 and #12) have been dlsassenbled artd %he specimens recoveredo 
These specimens do not appear t o  be as d is tc r ted  acd evoller, as r h e  
specimens from capsules 7 and 8 which were discussed i r ~  The May arid 
June reports. 

These have operated xi+,hout :nz~kz.: 

Two previcusly i r radiated capsules 

The chamber or the geceral swelling capsule enciosing +,he NaK a ~ d  
specimens has been redesigned t o  enable the in s t a l l a t i ,  An cf t w c  
1/16'' heaters i n  l i e u  cf the previously used 1/8" heater. 
ccnstruction of the capsule employing t h i s  modificatior, i s  a b x t  
ten percent complete. The 1/8" heaters ordered frcm cff-sit? have 
cot been received azd a delivery date is urcertain. 
f icat ion,  HW-74572, has been prepared ?c reorder ;/ef' neatcrs 

The 
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Thema1 cyc l iq?  of the MTR prgxotype capsule has beexi completeda 
This capsuir cmtaixed a sol id  cyirnder cf ura~itlTc, one surface 
sf vhich was metallographically preparedc 
thermally cycled 100 times from approxlmately 70 C t o  600 C. 
Examisatior, of t h i s  specinen i s  uider way. 
\ ~ f l l  be disassembled t c  pennit remval c.f the hea2 t ransfer  ?ins 
an3 Lmtallation cf f i n s  with a thicker crcss-section. 
$nicker fics w i l l  nelp determine the m a x i m  at tamable t e q e r a t l m  
f o r  this capsuie wi tn  a 1/ i6"  neater and -43 e q i r i c a l l y  pro-Jide 
r.eided ir,farmatloc and corraboration of previously conducted heat 
t ransfer  calculations OTL the characterist ics of th is  capsule desi@. 
'%cy ilrarium samples cocsisting of one-half of a beta heat. t reated 
%$:it$ holloy cylinder and another half of a s p l i t ,  hollow cylinder 
X A  t i e  as-extruded couditfori w i l l  be thermally cycled ir, a NaK 
=.r,vir,?raerdt bi this  capsule 

The specimc was 

Meanwhile, the zapsule 

%e 

T-x g e r ~ r z l  svellFrg capsulesr #i1 and #12, were spened ir. Radio- 
xet4slhrgy, the specimns recovered aLd visual examinatior? c o q i e t e d o  
E k %  zaFs-de zoLt.aimd s i x  half ,p hsllow uranium cylicders (arranged 
2 T a x s  i r z  the capsule) with a 04030-ir,ch w a ' 3  thlckness. Capsule 
i2 ZTerated a$ a ccritrol temperatsue of 625 C except f o r  a OX- 

mri;t~ %mqxrature excursion tha t  weat tc 730 C followed by t W C  
days a t  453 C. 
C a p L e  11 was not controlied but operated Setweec 400 arid 45C C 
wkec the reactor was a t  full Foyer arid a t  ambien% temperature when 
the reactx-  was off .  
be t te r  ccrdi t ion than are those h .capaule  11. These Zwo capsllles 
w e r e  i r radiated in a tardam arrangement i n  the same test tube t3c ari. 
e s t i m a t e d  exp3aure of 0.16 a/o B.S. UL the specimens. 
three specln~ns irL each capsule were i r radiated xi the as-extrcded 
car-litror, w h i i e  the th i rd  sample had beer, vacuum amealed 8t 730 C 
frjr 15  U x t e s  fellowed by a quench i c to  o i l  a t  room temperature. 

This occurred a t  about two-thirds of goal eqcstire.  

The spezimens from capsule 12 are i3 much 

Two of the 

The as-extruded specfmer, in capsule 12  tha t  was adjacent t o  :he 
zcn-trzl themcouple  exhibited no change in external appesrance 
du? tc i r radiat ion.  
v e ~ j  s l i g h t  general kvarping and only cne comer of one of the half 
cy lkde r s  w a s  severely warped. The beta-2uer;ched specimen snowed 
5;Et;inct surface rougnening ( " b ~ ~ ~ f i i g "  ) arid some general warping. 

The other as-extruded specimer, exhibited 

Bc tb  of The as-extruded specimens i n  capsule 11 were warped a d  
dir??tioKal surface rougnening had occurred leading t o  a s t r i a t ed  
3r f2Sr:us appearauceo 
extruszor-. d i r P c t i c z a  The beta-querxhed speche r  was ~ n l  very p z r  
c:,lid:tio~. as severe warp3-g ani surface bumping had accurred0 

The s t r ia t ions  were para l le l  t 3  the crigina; 
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These observations leave l i t t l e  doubt but tha t  "growth" or  
"dfmensional ins tab i l i ty"  e f fec ts  are s t i l l  active above 400 C 
and probably as high as  600 C. 
t o  the popular belief that "growth" is  inoperative above abou-5 
400 C. The appearance of these specimens tends t o  corroborate 
the previous conclusions that  the severe damage suffered by 
the specimens in  capsules 7 and 8 was due t o  lfgrowth" rather 
than t o  s w e l l i n g .  

Preliminary electron microscope examinatisn of a p o r t i m  cf one 
of the as-extruded samples from capsule 12  shows exteosfve 
cracking and porosity ranging in size  from 0.1 t o  10 micrms. 
The smaller pores are in patches surrounded by large pores. 
pores do not ex i s t  preferent ia l ly  a t  grain bomdaries cr m y  
other crystallographic feature.  The cracks are t r ansg ran la r  
and are bounded with pores of a l l  s izes  suggesting tha t  gas has 
not migrated in to  the crack. Examination of t h i s  specimer. w i l l  
continue and the other specimens w i l l  be metallographically pro- 

This, of course, is  coctrary 

The 

cessed. 

Examination of replicas prepared from Zircaloy-2 clad U (enriched) - 
U (depleted) diffusion couples which had been annealed a t  700 C 
for  100 hours a f t e r  irradiation-has been completed. 
based on these samples are similar t o  those made previously frzm 
a U-U couple which had been annealed a t  8 0 0 ' ~ ~  except t ha t  the 
pore s izes  in general are  smaller than tha t  observed ir, couples 
annealed a t  800 C. 
gas diffusion has occurred across the U-P interface.  

Observations 

There i s  no conclusive indicatior; tha t  f iss im 

Supplemental Studies 

A uranium specimen tha t  was cycled 100 times betweell 75 C ar,d 
600 C exhibited a great deai of stcrface roughening. Replicas 
prepared on the cathodically etched surface before and af+,er 
cycling a re  being carefully examined and ident ical  areas are  
being compared. On the basfa of these cbservations it w o ~ d d  
appear tha t  i r radiat ing a uranium specimen with a precharacferized 
surface a t  an elevated temperature would require tha t  the capsule 
temperature be maintained constant when the reactor was dawi as 
w e l l  as when it w a s  ups thereby elimiaating the e f fec ts  of t e q e r a -  
ture  cycling on the irradiatior,  induced charges L I ~  surface ?:pzgraphy. 

Three approaches f o r  obtaining three dimensignal pore s ize  azfi 
frequency information from electrcn micragraphs gf uranium surfaces 
are being pursued. 
of the dis t r ibut ion,  such as log-r,ormal v i t h  adjustable parameters. 

The f i rs t  involves choice cf a fucctioca.l form 
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wid tljiOL a det,embati3rz of the tw:: dirnerAFioIIal diszributicn 
acalog ar-3. canparisor, wish the experimemally determiced dis- 
t r i b u t i z +  3ata, The secoad apprcach i s  t o  utfold the experi- 
ELTZ.: dis5ribution data t o  yield a three dimnsional piGt. 
TrLs ucfcl3i.q requires kr;owlec?ge of where psres are  cut w i t h  
respect +Jo t h e i r  centers, A number of micrographs have beer, 
arLa7,yzed and apparerA pore d iamters  ar,d pcre shadow lengths 
ha-= beer. rceasured. The shadow ler&hs, however, requfre pr ior  
k w l e a g e  of t,he replica shadow angle which may vary from g r a k  
t o  g r a b  due t c  etchi tg  characterPstics. 
currerA5iy b e i w  ir,vest igated with kn~m ssandard sized spheres 
,?f Folystyrerie whch have beer sprayed on the repllca surface 
F ~ X Y  tz shadDwing, 
three dimeIisl3zai d i s t r i b u t i m  k.voives replott ing of apparent 
two climersiorLa1 dis t r ibut ion data Ln terms of larger  c e l l  sizes. 
Previous plots were constructed OE the basis of a large cumber 
of ce l l s ,  each c e l l  having ar; aesociated range of pore diamezsre. 
Plclts of pcre volume frac-cior, versus c e l l  Lumber, where each 
c e l l  m w  is larger  and includes four of the previously used 
ce l l s ,  have beer, obtained fGr two types cf specimens (0.29 a/o 
arAd 0.41 a/c- burnup) which were amealed a f t e r  f r radiat ion a t  
mric?us temperatures Changes Lr.. shapes of these distribuzicz 
e u r - z s  are beir,g determined, 

This variation i s  

A th i rd  approach fo r  ab+a&ing rel iable  

5 d  IRRADIATICR DAMAGE Te REACTQR METALS 

Al.;oy Selectfor, 

Ar. allcy w h s e  mechanical progerties ir,dicate that  it may have 
poter;’iial use t o  180s F i s  al l02-  R-2’7 which was devel3ped by 
Klegheay Lud lm Steel  Corpcratim. A cursory examination of 
the effects  cf various oxidizing eavirormer=ts aod i r rad ia t icn  
a t  ki& tearperat.Lires i s  LOW i n  progress, Two oxidat im t e s t s  
were saq1e:ed usmg CQ2 a t  1700 F and 1800 F. 
dicate that  the R-27 a l loy  withstands these conditians as  weXl 
as  t h e  aust,ez.itic s t a i r ik s s  s t ee l s ,  Fu”her tests wLl1 be 
*carried cut ir, CQ a t  1900 F arid 2000 F. 

These tesss ir- 

TefiaiLe specimerzs of the R-27 a i l sy  have beer, Frepared, Specimens 
II. the fully arinealed ccndition have been tes ted a t  rcmtempera- 
ture and famd t c  k.aw a 0,2 perceat yield atrei;@h cf 51,000 ps i ,  
ar- ultimate teESile strength of 110,002 p s i ,  ar,d a ur,ifcrm elosga- 
tisrl of 52 yercert, Addi+,icr,al specimecs are b e k g  heat t reated 
ard will he tested ir, the double aged conditioi  a t  ream texpcra- 
%we ,  TkLs aging i s  being accsql l shed  by h o i d i x  the specimns 
df  14CQ F fs: eight, klc.ws a i r  c ~ o ~ T T , ~ ,  f5ilowed by reheaticg t c  
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1400 F f o r  24 hours and a i r  cooling. Additional specimens wfil 
be double aged by holding the specimens a t  1400 F fo r  24 hours, 
a i r  cooling, followed by reheating t o  1400 F fo r  24 hours a d  
air cooling. The mechanical properties of the material t reated 
by these two methods will be compared, 

Sheets of three additional alloys,  Hastelloy N, Haynes R-41, and 
Haynes R-235, are being hot rolled i n  order tha t  oxidatioc, ccr- 
rosion and tens i le  specimens c a r  be fabricated. 

Hanford Laboratories is  to be responsible f o r  the procuremeri5:, 
storage, and disbursement of s t n c t u r a l  materials samples ta be 
used in the Irradiat ion Effects on Reactor Structural  Materials 
Program, where use of such material i s  by more than orre par t ic i -  
pat- s i t e .  Approximately eight hundred square feet, of space 
has been acquired i n  the 3718 Building warehouse and plans f o r  
storage f a c i l i t i e s  have been in i t ia ted .  

In-Reactor Easurement of &chimica1 PrDperties 

A ser ies  of measuremts  were made of the activation energies sf 
Wrcaloy-2 during neutrm Irradiation. These measurements c a f i r a  
values previously obtained acd prcvide thermodynamic evi,Cer,ce that 
creep ra tes  w i l l  be lowere2 during neutron irradiatior, ,  substac- 
t i a t f a g  observations of red7iced rates  during i r r a d l a t i m .  ?=le 
activation energy masuremerts were made in  a creep capsule d n z h  
had l o s t  the front heater. 
a constant tempereture creep t e s t .  
specimn could be controlled a t  Varicus temperatures €tzd the creep 
ra tes  a t  these temperat-aes could be neas...ned. 
energy measurements, as previously repcrtedp w e r e  made asiq the 
temperature incremeI;t method. 
length of the specimen at  an effective teqera%.De is eas:-l;J 
accounted f c r  Tc the caiculations sicce only t h e  races innedi- 
a te ly  before and immediately a f t e r  a temperatare chmge are  Seizg 
masured 

The lcss cf the heater precluded ~azing 
However, a p c r t i m  sf The 

The activatlcE 

The effect  of the reduced g q r  

%e a c t i v a t i m  energies found averaged 6 2 , o o ~  calj 'mle berdeer- 
275 C and 325 C and 86,900 cal/mole betweer 350 C aqd 375 C o  
These values are  accurate t o  f 5000 cai/mcle and are ic agreemxt 
v i th  values previously reported fo r  in-reactor creep. 
ac%ivation energy value, 86,900 cal/mole , i s  a t t r ibuted tie 
annealhg of radiation induced defects during the temperatiire 
increment. Tl?is in turn increases the temperature depeizdPr,ce sf 
creep deformation in the damage annealxg range. 
m l e  value is within experimex?.$al e r r a r  Gf the SelP-diffuEion 
activatioll energy fo r  the craep 3f a rca l cy -2 .  

The hlgh 

The 62,OCO ?,ai,' 
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The effect  of radiatdon produced excess vacancies on the creep 
3f xetals  has received considerable attention from various 
theoreticians. 
effect  predicts an increased diffusion rate  and, therefore, 81= 
iacz-eased disiozaticn climb rate  of temperatures rLear one-half 
the abso1ut.e melting %emperat.ure. 
wcluld i n  t u r n  produce an increase in creep rates .  The actfva- 
ti= ecergy fo r  creep whec diffusior. controlled consists of two 
parts:  
f ~ ~ r m a t i ~ ~ .  When vacancies are beirig created in  greater numbers 
by Irradiation than by thermodyr,amic processes, on ly  the ac t i -  
-tior?. f o r  vacancy motion w i l l  be observed i l =  creep activatiori 
ecergy studies 

Quantitative estimates OF tne excess vacancy 

The increased climb ra t e  

the energy for vacacy  motion and the energy fo r  vacancy 

Generally, creep is controlled by diffusion processes a t  high 
teapera%ures, t ha t  is, a t  absolute temperatures greater than 
c-re-htilf the m l t i n g  point of Zhe metal. Zircaloy-2 has beer: 
f c u d  tc behave i n  an anomalous fashion, in that the alpha t o  
?-eta phase transformation temperature (865 C )  ra ther  than the 
aeiting temperature plays a role i n  determining the range In 
which diffusior; processes occur rapidly; 300 C is  very close 
t:. half +,he absolute temperature of the phase transformaticn2 
cmsequelitly, measuremerits of activation ecergies can be made 
Ir, the rarlge 275 C t c  325 C c  The in-reactor activation energy 
b t h i s  temperature rarige (62,000 cal/mcle) is seen t o  include 
the P-nergies f c r  both vacancy formaticn and vacaocy motion. 
Tks observatim indicates t ha t  a major revision of the 
Thecretical explanation ~f the e f fec ts  of radiat ioc m creep 
rates  must be comldered. 

CappiLe development i s  currefitly concerned w i t h  improving the 
keater l i f e  in the creep capsules. Hearer fa i lures ,  short of 
tk;e eqect,ed i i fe t ime,  have been er,colx:tered 9x1 the l a s t  two 
a,aps;des, Ir:. one cdpsule, the 250 C creep t e s t ,  the t e s t  was  
termhated az 1LO7 hours due t o  a heater fa i lure ;  a mother ,  
a heaxer fa i lure  occurred shortly af%er d t e s t  begar,. These 
capsdes are not en t i re  loss2s as activation energy masuremer;ts 
car- be made wher only one heater i s  gone. 
ccxxidered tc be eizher fron a deterioration with time and 
t%rperaSure, o r  fram mechanical shock as a resu l t  of refluxing 
ir, the internal cooling tubes, or a combinatiori cf both. Twc 
Laboratory mckups of the heaters were coastructed, bcth mockups 
appr;ximatfr,g operatronal conditions w i t h  hear,ers and cooling 
coils eperaficg ili a pressurized heiium atmcsphere. Temperature 
cy-ling at, 33 prrcent overloadirig fa i led  t c  prcduce heater 
fdflures I n  a reascnable lergcki of time. Consequently, the 

Heater fa r lc res  were 
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voltage or aging FrOblem w a s  Lzct coxsidered fo be the scurcc 2f 
trouble. Ano5her test w a s  thec begun wFtk a constant power t o  
$he heater assembly, aod water in the cocler tubes was ailowed 
t o  reflux. The refluxing of the water in rhe tubes prodiiced a 
mchazlical shock tha t  s ignif icant ly  reduced the heater l i f e t ine .  
This thermal refluxin4 cf the water i n  the coolers is a coriditior, 
tha t  is encountered i n  the in-reactcr capsules wher; SQ water is 
b e k g  circulated through the cod ing  co i l s .  
pressure in the cooling chancel forces water back through +,he 
cooling coils in the capsule un t i l  it i s  .flashed t o  su- +-am a t  the 
beater. The steam condenses and the cycle repeats, g l v b g  a 
mechariical shock each cycle. 
the exhaust l i n e  from the coclera w a s  r e t m e d  t o  the face cf 
the r e a c h r  where a valve i so la tes  thP L k e s  from the r a t e r  
pressure surrouading the capsule, With the I h e  retur.ed t o  the 
face of the reactor, the tubes cac. be drairied cf all water when 
cooling i s  not rzecessary, conrgietely e l inha t i r , g  the p s s i b i l l t y  
of refluxing. 

In the reactorg water 

Tc prevent the thermal refluxicg, 

Optimization of the saturable-reac'zr mgnetic ampliffer s y e t e m  
now i n  use t o  control the v ~ l t a p  t o  t h e  heat=rs i n  the capsules 
has been completed. 
function of the system i s  ncr2inear. There are three basic modes 
i3f reactor operatioc, each of which a f fec ts  the transfer functicn 
of the capsule: first,  the reactcr d o n  ar,d %he water pressuze 
down provides medium q e n  locp &air,; E F ? c ~ ~ z ~ ,  t h e  rea-tzr dar-  ar-d 
the water pressure up gives high open h r ;p  g a i c  ( c l m e  +.3 Lrsta- 
bility); and, +,h?Lrd, the reactcr up a23 water pres+.ure t;p re f lec ts  
a I c w  oper, loop gain (easy t o  ccc t r c l ) .  Step respcr-ae t,esr,s zf 
con%rol betwe-n the secor-d acd t h i r d  mdes sf r f a c x r  c p e r a t i x  
(reactor dcWZ-, water up aL2 reaztsr u ~ ,  warer u ~ ;  gzve a r,hargc, 2- 
t e q e r a t u r e  per mi l i i amp  ccc t rz l  E i P - 9 1  t>at  w a s  r,eariy k - ~ b l e l  
betveen the two reactcr modes, At rea'ytr up CZE. m 2 l l l a s q  z;t+r?; 
s i s a l  resulted ir, a 72 C temperature char4e., ar,fi at rc.;Ic+:r l._\~r. 

oce millianq a i s a l  represected 140 'J chacge,, This mdi~srsss  +bax 
in order t o  ccntrol a t  a11 reacTcr = lee ,  x e  of the e1exentS ;f 
the open lccp t racsfer  fw-crix l~ilsf be m d e  r:spirr!ear 1.2 Z - q e t s a t e  
f o r  The r.crlsr;eari+,y of The cap5.ule 
carzlisearizatlcc cf the static: t r a r - s f c  fur..cticr 12 The m g ~ , ~ - ; r  
amplifier safurahle-reactor in such a ~ a y  as tc incr%ase the ga~. 
a t  l g w  powsr demaLd and decrease the g a u  at high p m ~ r  lemazd, 

is ts se+, +,he corttrcl system tc ar_ ~ptilnrun Luz2er the w o r s r ,  TI& 
(reactar do=, water pressure up) arz-i 5huc c z t r L  w i t h  a s L ~ ~ J ? ?  
response time mder  a i l  cther acdez, As s m h  the resulting 
temperature cor.tro1 of plus cr uxs m e  degrFe is Z b t a l m b l e  &der  

It was fcmd th& $he qexi locp gain trarrsfer 

E ; s  c ' - L d  be acc--q::zkri by 

A COIDpro~se, as f s  P ~ W  +,he cond l t l oc  USiiIg the msctic: dEipllfltr 
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a l l  modes; however, a sudden change i n  reactor conditions re- 
f l ec t s  a temperature depression of several degrees (normally 
around f ive )  and a slow recovery t o  the precise control point. 
The temperature depression can be eliminated only by manually 
adjusting the open loop gain a t  the tLme the t ransfer  function 
changes; it cannot be corrected automatically using magnetic 
amplifier saturable-reactor systems. 
system is tolerable,  experiments are being conducted w i t h  proto- 
type assemblies of d i f fe ren t ia l  amplifiers and integrating net- 
works t o  replace the magnetic amplifiers and saturable amplifiers 
t o  provide automatic nonlinearization of the control functions. 

Although the present 

I r radiat ion Effects i n  Structural  B t e r i a l s  

The purpose of t h i s  program i s  t o  investigate the combined 
effects  of radiation and reactor environment on the mechanical 
properties of s t ructural  materials. Special a t tent ion w i l l  be 
given t o  the determination of mechanical property changes pro- 
duced i n  metals by i r radiat ion a t  elevated temperatures. 

During the month 25 t ens i le  specimens i r radiated i n  the E 7  ETR 
hot water loop were tes ted a t  300 C. 
Zircaloy-2 and the remainder were types 304 and 348 stainless 
s t ee l  with varying amounts of cold work. 
Zircaloy-2 control t ens i l e  specimens w i t h  varying amounts of 
cold work were tes ted at  room temperature. 
these tests were programed f o r  electronic data processing. 

One of these specimens w a s  

An additional 26 

The raw data from 

Preliminary resu l t s  of the t ens i l e  properties of a zirconium - 
2 Sn - 2 Nb alloy, irradiated i n  the ETR a t  ambient coolant tem- 
perature have been obtained. The alloy received an exposure of 
1.1 x 10io nvt (> 1 Mev). 
heat t reated t o  improve i ts  properties. The heat treatment con- 
s i s ted  of heating t o  850 C f o r  one hour, furnace cooling t o  
various t e s t  temperatures, holding a t  these temperatures f o r  one 
hour, then quenching i n  s i l i con  o i l .  
was conducted i n  a vacuum system maintained a t  f ive  microns 
pressure, 

The unirradiated room temperature 0.2 percent yield strength of 
t h i s  a l loy quenched from 780, 740 and 660 C i s  83,200, 81,500 and 
74,560 ps i ,  respectively. 
115,200, 108,400 and 108,500 ps i .  The unirradiated yield strength 
values of Zircaloy-2 i n  the annealed, 20 percent, and 40 percent 
cold worked s t a t e s  a re  47,300, 80,100 and 86,100 ps i  compared w i t h  
72,000, 96,500 and 101,000 p s i  f o r  an exposure of 1.1 x 1020 nvt 
(> 1 MeV). The unirradiated ultimate strength f o r  the zirconium - 

Prior t o  i r radiat ion t h i s  a l loy was 

The en t i r e  heat treatment 

The average i r radiated values are  

UNCLASSIFIED 
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2 Sn - 2 Nb al loy quenched from 780, 740 ar,d 660 C is 108,30C:, 
105,000 and 86,000 'psi; average values of irradf?,ted specimeris 
are U g , O O O ,  120,100 and 117,600 ps i ,  respectively. 
radiated Wrcaloy-2 in the anrzealed, 20 percent acd k0 percect 
cold worked condition has an ultimate strellgth of 66,400, 89,000 
and 96,300 psi compared with 82 500, 99,000 e d  108,ooc p s i  f c r  
an exposure of approximately lO2o nvt. Total elongatLon is re- 
duced from 15 t o  3.8 percent i n  the zirconium - 2 Sri - 2 Nb 
al loy t reated a t  780 C and from 28 t o  6.2 percent when created 
a t  660 C. 
2.8 percent fo r  the 780 C quench and f ro= 11 t o  3.6 percent f o r  
the 660 C quench. These values a re  sll?liiar t o  reductioca octed 
i n  t o t a l  and uniform elongation f c r  Zircaloy-2 in various staT.es 
of cold work. 

U c i r -  

Uniform elongation i s  similarly reduced frcm 7 t o  

The data fromthese t e s t s  show tha t  the strength characterist izs 
of the'zirccnium - 2 Sn - 2 Nb al loy are  superior t c  those cf 
Zircaloy-2 a t  the teilrperatures of i r rad ia t lan  and Testing imposed, 
The ursiform elongation of t h i s  a i loy ,  which i s  the proFerty n ~ t  
dras t ica l ly  affected by neutron r a d i a t i m ,  i s  a l so  superior fz 
t ha t  of Wrcaloy-2. However, properties such as ccrrcsicc r o -  
sistance and high 5emperature strength mist be cansidered irA 
evaluatir,g the merit of t h i s  a l loy  fo r  rAuclesr appl;cst i2rA 

Damage Mecharrisms 

The objective of this program i s  t c  establ ish ",e cature c'l i r t e r -  
a c t i m s  between defects present pr ior  t o  i r radiat ion and d ~ f e z + s  
produced by i r rad ia t ion ,  and t c  iLvestigate the poss ib i i i sy  cf  
neutralizing the effect  of inpurity atems by chemical Z t a b i l i Z a -  
t ioc .  Sigh-purity i ron coztaining i n t e r s f l t l a l  iqurit :es , susC 
as carbon and nitrogen, and a chemical s t ab i l i ze r  s ~ c h  as  ti'-m:*m 
w i l l  be studied. 

A preliminary inves t iga t im of L q u r i t y  effecre i n  irradiated :Y:L 
i s  continuingu Ingot iron which was dezarburized axid sabseqiiertljr 
nitrogenized i s  the subject G f  t h i s  study Damsee rennvery LT '_I-- 

radiated ir,gct iron i s  presently bei-ig stuci led by nmxs sf e l ? z -  
t r i c a i  r e s i s t i v i t y  measurements Three specrmecc I v i t h  s-xpccure 
of 5 x 1017, 1 x 1018 and 2 x lo1% cvt (fasf.) have Seer, s u D j e 3 2 3 .  
t o  lsochronal annealing treatments I.XI 25 C increments up t = i  3'J.G C o  
Very l i t t l e  can be said about t h e  recove:-y cnurdcteriztics exccFt 
t ha t  the r e s i s t i v i t y  decrease i s  greater w i t n  increasir-g ~ ~ S S L L T F ,  

This  suggest,^ t ha t  cxly one recovery stage will OCCGT zt +he 
higher exposures and two o r  mcre a t  the lower exposues 
studies w i l l  be exterided t ; ~  uxiude decarburized and rl;+rcgFx zed 
specimem 

3?;es? 

1 2 3 0 1 3 8  
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6 .  

A t ,o ta l  of 6.3 pouds  cf high puri ty  iron, containing 100 ppm 
impurity elements o r  l ess ,  i s  presently on hand. 
t h i s  material t o  a usable geometry i s  awaiting delivery of 
special drawbig dies 

Reduction of 

Specimens of Inconel have been successfully thinned and examhed 
by tranemissicn electron microscopy. 
locations were observed despite the 926 annealing treatment 
Pile-up of dislocations a t  grain boundaries and stacking f au l t s  
were a l so  observed. 
i s  nickel, a metal having a medium stackiug f a u l t  energy, the 
observations are  as expected. 
Inconel X and R-27, both nickel base alloys,  are  i n  progress. 

A large number of dis- 

Since the major constituent of t h i s  al1.0~ 

Efforts t o  th in  samples of 

Eigh purity iroz f o i l s ,  O.OO3-inch t h i c k ,  cold rolled from iron 
rod stcckp have beeo anneqled at  600 C f o r  two hours. Both the 
cold worked and annealed f o i l s  were thitmed f o r  transmission 
microscopy, As indicated previo.mly, the specimecs d i s to r t  the 
electrori beam in the immersion lens and f o r  sat isfactory results 
must be small in area,  A t t e m p t s  a t  ob tab ing  small areas which 
are si lfficiently th in  and f ree  of mechanical work due t o  cutt ing 
and maEipulat,ion are continuing 

Neutror, Mcsit.orim f o r  I r radiat ion Experiments 

Neutron spectra a t  various radial  positions i n  K and C Reactor 
l a t t i c e  have been calculated t o  determine the degree of c o q l e x i t y  
necessary fo r  s t r x t u r a l  materials damage studies exposure calcu- 
l a t i a m ,  Spectra were calculated using a continuous slowing model, 
Siffusion theory code (GNU-11), a diffusion theory code with a 
transport scattering matrix (HFN) and a transport theory code, Go 
SiGif ican5 differences irr spectra calculated by these codes oc- 
curred and because the S, resu l t s  correlated more exactly with 
zbserved f c i l  ac t iv i t i e s ,  future spectral  calculations w i l l  be 
=de with t h i s  model. 

GAS GRAgRITEl STUDIES 

Microwave Activation of Gases 

He, N2> s;! azd C@ subjected t o  a microwave f ie ld  are  ionized. 
Tne following table  l i s ts  the species which have beer, identified 
ir; the glov from these gases, 
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IDENTIFICATION OF SPECIES I N  A MICROWAVE GLOW DISCHARGE 

Ionized Gas 

H e l i u m  
Qxygen 
Nitrogen 
Carbon Dioxide 

Species Identified 

He (neutral atom) 

%e ra te  of reaction of activated Co;! with graphite appears f , ~  be pro- 
p o r t i o n a l t o  the geometric surface area of the sample. 
t ha t  the pore structure is  unimportant with respect t o  t h i s  reaction. 

This implies 

EGCR Graphite Irradiation. 
EGCR graphite i r radiat ions was removed frcm the General Electr ic  Test 
Reactor on July 24, 1962. 
f ive  reactor cycles f o r  a t o t a l  of 105.5 effect ive days a t  full reactor 
power. The maximum exposure received by the samples which have beerr 
i r radiated i n  a l l  four capsules of the H-3 ser ies  is estimated t o  be 
1.1 x 1022 nvt, E 9.18 Mev. The capsule w a s  successfully disassembled 
in the  hot c e l l  and found t o  be in excellent condition. A sinall m c m t  
of carbon and graphite deposit w a s  observed on the inzler wall of the 
aluminum she l l ,  as has been typical of all off -s i te  graphite i r radia-  
tioc. capsules. 
and are  currently being measured. 
in the capsule operated sa t i s f ac to r i ly  during the en t i re  irradiaticr,  
period, wnfle number 7 fa i led  eleven days before the end of the ir- 
radiation. 
brated aga imt  a new thermocouple. 

The fourth capsule, H-3-4, i n  the ser ies  of 

The capsule was successfully irradiated fo r  

A l l  samples and flux monitors were returned t o  Hanf'rrd 
Eight of the nine thermoccuples 

Three of the thermocouples were saved ard are  being Cali- 

Construction has s tar ted on the f i f t h  capsule, H-3-5, cf the serieso 
This capsuie w i l l  contain 15 samples from H-3-kr three s q l e s  frm! 
H-3-3, and s i x  new samples. It w i l l  be ins ta l led  i n  the GETR dwmg 
the f i r s t  week i n  September and w i l l  be i r radiated f o r  four reactor 
cycles. The design of the capsule assenbly was modified slightly s? 
tha t  the central  cooling rings a t  each sample locatian a r e  f ixe3 :r- 
pcsit ion.  This should eliminate problems i n  shif t ixg of tnese ru igs  
as the assembly i s  slid i x to  the outer s h e l l s  

70 GRAPHITE RADIATIa DAMAGE STUDIES 

Radiaticn Exposure Units 

Suggested exposure u i t s  fo r  graphite i r radiat ion isclude a fast- 
neutroIi f l u  based on N i  activation assumicg a f lss ion spectrum, 
A more refined technique, xied a t  Banford, -hcQqora tes  a :x-reCi.=c 
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f a z t r r  kssed cz ca lxda ted  fast  r,eutraz= spectra tc compute the 

5ecz checked agairet rEsults frzn a calc-.LatiwL u s i q  the S, code 
f,?r a K-type reactcr l a t t i c e ,  A Kicchfr; ar,d Pease theory, modified 
f:v Rutnerfclrd scattering, was used t o  calculate the number cf ais- 
placemer,:?. 
ca&cula%ixs  a t  various radi i  frclrnthe edge of the process charnel t o  
t h e  grsphite i a t t i c e  b3tu;dary. 

The r a t io  of the number of displacements t o  the equivalent f i s s ion  
f h x  from Ni activation varied from 0.46 t c r  0.76 (approximately 7 6  
cha-ge 1 ir& arbi t rary ur-its from the edge of the process chaanel t c  

l.-uuzt.rztes the inadequacy Df &p- exposure unit based orr the  assumption 
cf ar wnodified f i ss ion  spectrum. 
> C.i.8 E v ,  includicg correction f o r  the calculated spectra, yielded 
vaiues f o r  the above r a t io  which varied from 0.189 t o  OoZ21 (- l?$ 
chasge] f r s m  the edge of the process channel t o  the graphite l a t t i c e  
bcundary, Tkus she unit I rvt E 9.18 M e V ,  incorporatir..g spectrum 
csrrecticns i s  less sensit ive t o  spectrum changes ana heme more 
suitable f'3r relat ing t e s t  reactor data t o  graphite moderated re- 
ac tc rs"  

.-=--L L L - _ l k r z t  f lu  abcve 0.18 Mev, The adequacy cf these mits has 

The effect  sf spectrum changes w a s  assessed by p e r f c m g  

+ ,he 9raFhft.e l a t t i c e  boundary. The masi tude of t'ne difference il- 

Iri comparism the xit, nvt E 

Tkre f i r s t  +,est ir, H-l  loo^ w a s  discharged A u p s t  9. 
5f the  +est was t c  d e t e r h e  the effect  of reactor raalatiori on corro- 
E:,:;: a . 3  crud dep-sitior,. 
-plate3 a l ~ ~ ' ; m P  Zircaloy-2, stalsless steel, and zarbori s t e e l  were 
exposed bsth i.rA arid out of flu t o  recirculating deionized water. 
TctaL ~ X ~ G S - L J ~  auriLg reactor Spra t ioL  was 2427 hours, of which 867 
h c - ~ s  w a s  a t  290 C, 560 hours a t  lower t e q e r a t u r e s ,  
Fos-zre 1 s  equivalent,, i r i  terms of expezted corrosioc, tc; 1092 hours at 
290 C The re- 
sisfivLty cf the xater  rariged from ZOC),OOO t,c l,20CE30G chm cm. This 
1s sczuewhat rzcrer water puri ty  and higher pH thar, had beer, hoped f o r  
f r c z  t h e  mixod-bed ?leaxi-up far..-exchanger. 

l"hz primary p q o s €  

Couposs cf X-8601 and A-288 alumirum, ni:keL- 

The m t a l  ex- 

The pH raq+ from 6 . i  t c  8,9: w i t h  ar? average cf 7 , 9 ,  

Tne t k e e  k - f l u x  coupor! holders have beer discharged at Radiometallurgy 
and the c3upar,s pnotcgr~pned. 
aLurmr,Lun codpms 8pyeare;d t o  be rather  heavily corroded and had a 
faLs7y heavy dark brcwL crud deposit. 

2s or. t,k? ur-platsd a I u x p ~ x n L  
c1- t L e  s+,a:ziess s t e z l  arid Z;rcal:y-2 c c q x r s  I 

Or. the basis cf visual oSservatisa: the 

Mc? corrosim w a s  r,st,iceable 3n 

TkLe sane brrwr crud d e p e i t  wae n3ticed 
+ A e  r-ick&-plaTeci a.:axirun3 but the crud deposit seemed 30 be as heavy 
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A few of the stainless s t e e l  and Zircaloy-2 coupons had been made 
w i t h  th in  disks of s i l ve r  welded inside them 0.010-inch from one 
face. A high beta f l u x  occurs a t  the surface of the coupons as a 
resul t  of formation of Ag-108 and Ag-110 by neutron absorption and 
subsequent decay by beta emission t o  give cd-io8 and Cd-110. The 
expected beta flux i s  estimated at  two t o  three times tha t  expected 
on the surface of the NPR fue l  elements. Similar coupons of aluminum 
could not be included i n  this  charge because of fabrication problems. 
As w e l l  a s  could be determined from visual observation, the amount of 
crud deposited w a s  the same over the silver disk as over the outer 
edges of the coupons where the beta flux was  r:ot present,. This would 
seem t o  indicate tha t  the beta flux through the surface i s  not sig- 
nif icant  i n  producing crud deposition, except as it contributes alocg 
with gamma t o  the t o t a l  dosage of ionizing radiation. 
a t  the surface of these coupons w a s  comparable h terms of ecergy 
absorbed t o  tha t  from'ganrma; a two-fold increase i n  t o t a l  ionizing 
radiation would not necessarily produce a visually evident change ir: 
crud thickness. 

The beta dosage 

The coupons exposed out of f lux a t  the far downstream end of the 
charge did not show the brown crud deposit characterist ic cf the 
in-flux coupons 

More firm conclusions w i l l  be possible l a t e r  when quantitative crud 
and corrosion data are  available from measuremer,ts of weight losses 
and film weights. 

The H - 1  Loop is now being conditioned f o r  the secocd t e s t ?  a5 pH 4,s 
with phosphoric acid. 

9.  USAEC-AEEL COOPERATIVE PROGRAM CN DEY3LOPMENT OF HEAVY WATER MCDEFAm 
p(xJw REACTORS 

Therma.1 Hydraulic Studies 

Eighteen boiling burnout points were determined during the seccnd 
phase operation of the e l ec t r i ca l ly  heated model of a 0.05O-inch 
spaced 19-rod bundle fue l  element, 
obtained e 

The following range of data were 

1 2 3 0 1 4 2  



Mass Flow Rate Burnout Heat Flu Exit  Conditions a t  Burnout 
Lb,'kr-ft2; x 106 Btu/hr-f@, x 106 Quality, 'j& Subcooling, O F  

905 0.30 t o  0.49 17.6 t o  134 
1.0 0.50 t o  0.97 14.0 t o  139 

3.0 
5.0 1.30 and 1.73 -- 12 and 37 
4 0  

2.0 0.63 t o  0.94 6.7 t o  52 
0.71 t o  1.12 4 * 3  t o  72 

-- 0 tC 74 1.10 t o  1.52 

data were obtained a t  1200 psig w i t h  the t e s t  SectioL in a hOri- 
z z t a i  position. 

Tk,is t e s t  section differed from the f i r s t  0.05O-inch spaced t e s t  
section ir, that  the wire wraps used f o r  spacing and flow mixing were 
mde from kcone l  tubing f i l l e d  with compacted MgO instead of ceramic 
beads strung on wire as used previously. The change w a s  made because 
sxne of the ceramic beads crushed and allowed the rods t o  bow toward 
each other during experimentations with the f i r s t  t e s t  section. 

" b e  b o i l k g  burnout heat f lux obtained with t h i s  second t e s t  sectioD 
agreed reasGnably well with the data fromthe previous t e s t  sectior, 
at, the higher flow ra tes  but were 20 t o  30 percent higher a t  the lower 
flow rates .  kcluded in the design of the new t e s t  section were four 
therimcouples placed t o  measure sub-channel water temperatures a t  the 
dissharge end of the t e s t  section. 
temperatures recorded from these thermocouples indicated tha t  there 
w a s  nr~f a wide spread i n  sub-channel water temperatures, 
t ha t  mixing was reasonably good in t h i s  t e s t  section and tha t  the 
data obtained can be extrapolated t o  longer fue l  elements with con- 
fidence. During the course of experimentation the new t e s t  section 
was operated a t  a mass flow ra te  of 5,000,000 lb/hr-sq f t .  A t  t h i s  
flow ra te  a boiling burnout heat f lux i n  excess of 1,700,000 Btu/hr- 
sq ft  was obtained a t  a sub-cooling of 36.8 F. 

A cursory inspection of the . 

This means 

Dome Seal Type Nozzle Closures 

Develo2rnent e f for t  on the do= sea l  type nozzle closure has been 
limited t o  s t r e s s  analysis of the dome. 
developed which may be applied, within certain l imitations,  t o  dome 
seals of varying spherical radias, thickness, material, e t c .  No 
caiculations for  a specific dome design nave been made as yet. 

General equations have been 
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10, REACTOR AND NUCLEAR SAFETY STUDIES 

Advanced Reactor Concepts Studies 

Fast Supercrit ical  Pressure Power Reactor. 
fast reactor based on the Hanford SPPR design, the chief changes i n  

The FSPPR is a 300 We 

physical arrangement being elimination of tne water moderator, to- 
gether w i t h  attendant changes i n  control system, cooling of the outer 
fue l  cores, shielding, and fue l  handling. 
t ions are  based on a 60-inch diameter core. With a two-foot blarrket, 
the reactor diameter would be about 9 f ee t  versus 12 fee t  fo r  the 
SPPR. 
hr-ft2, equal t o  the maximum in the SPPR. 
and higher temperature tubing materials can be employed irL t h i s  de- 
si@. 
parameters (e.g., insulation thiclmess number of tubes per element) 
have been incorporated in to  a single desigr;. worksheet t o  provide a 
means of rapidly estimating the relat ive importance of the parameters 
and t o  provide input fo r  physics analyses. 

Core design calculations were in i t i a t ed  f o r  the FSPPR. 
16-group diffusion theory model is being used which was s e t  up fo r  
prevlous studies on more compact ccres, Nuclear data fcr  hydrogen 
was extracted fromthe Gm-1 code and transferred t o  the 
tape, A dummy case w a s  then generated which provided fue l  mixtures 
of the correct isotopic composition fo r  subsequent cases, 
metric study i s  now being carried out. 
fluxes from the f i rs t  reactor case indicates the neutron spectrum has 
a peak a t  about 0-6 Mev, f a l l i ng  t o  about half maximum a t  0.05 Mev0 
The contribution of the hydrogen t o  spectral  degradation does not  
appear t o  be severe. 

I n i t i a l  physics calcula- 

Average heat f lux i n  t h i s  s ize  core would be about 750,000 Btu/ 
Better power f la t tening 

A number of thermal, hydraulic, and mechanical core design 

The same 

l ib ra ry  

A para- 
Examination of the neutrm 

5 We Spacecraft Reactor. 
estimating pressure drops i n  core corfigurations f o r  two- and 
three-pass coolant flow. 
t o  limit coolant temperature a t  the out le t  cf charnels i f  power 
dis t r ibut ion in the core changes greatly w i t h  ti=. It appearE 
l ike ly  tha t  t h i s  w i l l  be the case l’or any scneme usillg the r e f l ec t r r  
tc ;  coritrol the present reference fast  reactor core and ccmper,sate f o r  
burnup 

Study of t h i s  reactor was limited t c  

U t i p a s s  codan t  flow may be required 

The ORNL program on boiling metal c o o l i ~ g  aLd space reactor concepts 
was discussed w i t h  personnel a t  t ha t  s i t e ,  The OKML work is esser-- 
t i a l l y  a re-orientatioz of work in i t i a t ed  ir. the l a t t e r  par t  of the 
aircraff  reactor program there,  but i s  directed toward ear ly  real l -  
z a t x n  of a workable reactor systemo The reactor systems d i s x s s 5 d  

1 2 3 0 7 4 4  
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D. 

a: re la t ively low pressures and heat f luxes,  
give t C  plutorAum as a fuel irA %heir reactcr systems. 

Cmsideratior 

FP.~ m l ~  GPject,i= cf t h i s  prcgram i s  t c  establish how irradiat ion affects  
t.ke przperties Df b.c .c ,  mclybdr;w31 and how h t e r s t i t i a l  impurities such aS 
ear-@_-z per?urb the damage s t a t e ,  

me of the tech iques  t o  be used i r i  studyLng damage In molybdenum i s  
sa lo r imt ry0  Energy released by t e s t  specimens a t  par t icular  temperatures 
w ~ i l  be zlleasured n a differectiai .  calorimeter which had beec constructed, 
1: :rder that  energy releases associated with "cold work" damsge i x i  poly- 
c r p t a l i x e  spec-ns cac be recos ized ,  experiments have been performed 
tc fL;trsd.uce suff ic ient  ecld work iri r;ofi-irradiated molybdenum f o r  subse- 
quent erergy release masuremects. 
stack by swag-Lig was perfcrmd a t  a variety of temperatures -- 600 C a  400 C 4  
300 C a&d 230 C. 
ou+er Layer of the rods ahc)wed a wcrked mcrcstructure.  
t u r e  c f  swagirLgo +,he rods could be reduced irA cross sectiori only a small 
arncliut: bef;re crackxig occurred. A cold wcrked rmcrostructure and in- 
creased zicrzkariress was achieved LT, 0.5-inch diameter rods swaged t c  
2 257-;~ch diazeter 
Qset+l;s, cf mlybdecm rodsp C05-mzh d i a t c r  by fou r  stages t c  
0-795 a t  a t e q e r a t u r e  of 550 C, f o l lo fed  by swaging, resulted i n  fa i lure  
rf %he me+,al; microharhess of the upset metal had increased. Fromthese 
eqe rmeLts  ;t is concluded that  "coid work" as  such i s d i f f i c u l t  t c  
x r r ? d u c e  ir. the anraealed, f ine grained molybdenum stock available fo r  
usep 
rad stczk zf the proper diameter f o r  ~ s e  as unirradiated t e s t  specimens 
f:r ELILCY~J release studies,  

Fr,ur addltioLai e inele  erysfal  specimens were subjected t o  telzsile testss 
€act- t a s t  beiiq mterrupted a t  intervals f o r  x-ray examination, Previcus 
F q E r i . m € r t s  izdicated the ceed f o r  additiorLa; data in the interval  just  
Trior tc fa i lure ,  sa this pcrtior, sf the deformatioc was interrupted a t  
mi)?x freqm,t, Ilz5ervais 
dram, % ti chisel  Edge ar,d a t  Icads a-gproachirzg zeroc while the higher 
car-ccri s a q l e s  f a i l  a t  higher l a d s  arid Leave a f racture  surface hairlng 
apFre :Lahie area 

TerAs-,e axis ~ v e n e r - ? s  are plotted on a sterographic prcjecticu t c  deter- 
xtir,e tbe def>maticr, mcdes. 
TWVElmSZS are sinall and e r r a t i c .  
:L This r e g x z c  la te r  deformathr- l e a d x g  tc fa i lure  i s  E r e  simple. 
IEralLei a:,3.lyseS of the da%a are b e u g  perfcrmed but are  r-ot compiete, 

Reduetian of O.5-inch diameter rod 

The higher temperatures yielded sound m e t a l ,  but only the 
Far l3Wer t e q e r a -  

AdditioEal redxt ic r ,  ir, area resulted in cracking, 

A ?GIIhiL,at iCII  of upsetting operations and swaging may provide worked 

The l o w  carbon specimens f a i l  cc l y  a f t e r  being 

Early stages are not well defined since the 
Evidently deformatiorr. 2s quite complex 
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Field im microscope emitters have beec prepared by Linfield Research 
Ins t i t u t e  personnel under contract DDR-146. 
pared from a 1/8-inch diameter single c rys ta l  containing 20C ppm C 
became contaminated with fines during operation i n  the microscope. A 
second emitter prepared from a 1/16-inch diameter rod contahing 20 ppm C 
produced a diffuse unresolved pattern.  
t o  Linfield are  continuing. 

An elec5ron beam zone r e f b a g  unit has been put h t o  cperatioc. 
c rys ta l  molybdenum rod, 1/8-inch diameter by 13  inches length has beer, 
prepared by the f loat ing zone technique. 
plamed 50 grow crystals  Kith par t icular  orientatians by a seeding prscess. 
Single crystal  t e w i i e  specimens currently under i r radiat ion cover a 
variety of axial orientations but do not Frxlude any examples of PlLT 
rod axis orientat5ons. If such crystals  cac  be grown wfth a niinimum of 
e f for t ,  they w i l l  be submitted f o r  i r radiat ion.  

Foi l  specimens of Johnson-Mtthey molybdenum irradiated t o  1 x 1020 nvf 
in the as-rolled s t a t e  and i n  the s t r e s s  relieved s t a t e  have been amealed 
at  400 Cg 500 Cp and 600 C. Evidence of small defects were observed by 
transmission electron microscopy a f t e r  the 400 C anneal. These defects 
increased in number and s ize  a f t e r  the higher t e  Mtcr 
the 600 C anneal there are  approximately 3 x 101 
have a s ize  range of 25 t o  150 A. The origin and nature of these defects 
i s  nct known a t  the present t i m e .  Ekamiriatlon of similar fc i ls  irradiaxed 
t o  higher neutron doses and foils containbg carbon as ac. impurity shzuli 
yield additional information on whether the observed damage is due 2;  
h!purity atoms, trapping of defects, or i f  the defects p r d u c e i  by 1:- 
radiation migrate and cluster .  

The first emitter, pre- 

Experiments on specWns submitted 

A s i w l e  

Experiments a re  currently being 

erature axjaealso 
defects/cm3 and they ? 

E, CUSTQbER WQFX 

1. R A D I Q W m L ? R G Y  GCAMIMATIQNS 

Met.allographlc examinations have beer, star ted OIL a a?rielc cf s t ress  
cDrrosioE CCUFOZS frcm Purex storage tanks With no sL@iif.kaC ie- 
f ec t s  de%ected. 

Examinazioo of a ruptured production fuel elemec5 shcwed the fa i luse  
was the resu l t  of nechanical damage. 
overbore elemenzs revealed "worm tracks" ir The a;Lu~mw;; surface cf 
two of the elements. 

Visual examixatioE ef faur  
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2 ,  

A spec5al viewiw wkdow fo r  ccior phctography of radioactive 
mazerials has been desigzed arrd ftibricated u s b g  a sslution of 
optical  grade zinc bronide as shielding. 

A uarking device fo r  zii-conium process tubing has been designed 
ard wiii be operab1.e i n  the f i r s t  par t  of September, 

"he B.r*bem Equipmct Corporation will furnish design drawings 
by mid-September on arz inductioa furnace fDr B Cell. 
eszirnates tha t  ccnstructiorA of the furnace w i l l  start approxi- 
rcateiy six weeks a f t e r  the design drawings are completed. 

Sunbeam 

Pd.se h e a l i n g  Furnace 

A x z - h a l f - b x h  lorig durmny sample showed that  the maximum tempera- 
%---e gradieGt was about 1 C over a temperature range of 190 C t o  
755 6: acd under static temperature conditions. 
:ure measuraelzts over the same range indicated the actual s-le 
?emperature was about 15 C higher thar, t ha t  measu-red by therm- 
c:~p;e,c d i rec t ly  under the sample holder. A ccrrectiorz w i l l  need 
? Q  ke made on irradiated samples where themc3upies  are  nct 
at+ached d i rec t ly  to tne sample ir- order t o  shtaic. an accurate 
:~IIY; Erature maswarent 

Additional tenpera- 

I E S - l c j ~ r  CGR-858 (High Level U t i l i t y  Cel l )  

McdXiciStiCr work an the la the w i l l  be completed by the end of 
A--que:s arJ  the^ the ia the w i l l  be t e s t  ruri. A f i e l d  engkeer, 
W e  Her:qr Nielsec, f roa  AMF conducted classes cn proper instal- 
;a+:r:.r, 

PTZJPCL ~ ~ ~ - 8 5 7  (Physical & &char-ical Properties Testirig C e l l )  

CperatlaL, and repair  on the extexided reach manipulators. 

ALL rf the  c e l l  zastiugs except the scath pane; &re due fcr shipmerzt 
abol;? Sepwmber ip i962. 
trati;i..s a7.d i s  mstal1ir;g pipirig and conduit preliminary t o  the 
arr:va; cf c e l l  castings. 
t x n a l .  :L I c e l l  and extensometer aczessories have been ordered. 

J. A. Jmes has compieted a l l  f l co r  pene- 

A new k s t r o n  t ens i i e  t e s t  mit ' i s  opera- 
* ss S I  

Vecdm silpglied Zirealcy-2 fuel  elemect suppo-rts delivered to FPD 
Caextruded Producr mgineering exhibited varicuus degrees cf crackkg 
a t  the bendsc Samples submitted f3 r  metallographic examination 

UNCLASSIFIED 
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indicated tha t  f u l l y  recrystall ized Zircalsy-2 with a grain s ize  of 
about 20 microns had been used t o  fabr icate  the supports. 
application of t h i s  type the material should have a grain size 
approaching or l e s s  than 10 microns according t o  work carried out by 
the Structural  m t e r i a l s  Development Operation. 

Samples from thorium - 2 3  uranium alloy extrusions are currently 
being polished fo r  examination. 
polished us- a combination of mechanical and electrochemical pro- 
cedures,, but etching f o r  structure has presented a problem. Most 
of the current etchants fo r  thorium leave somthing t o  be desired 
with perhaps the possible exception of vacuum cathodic etching, 
Because cathodic etching I s  much mcre time consuming, further ex- 
perimentation with various chemical and electrochemical reagents 
will continue, 

For an 

The pieces have been successfully 

Additional closure welds of vendor-supplied Inconel temperature 
detectors f o r  the NPR were examined. 
unsatisfactory due t o  the lack of pene$ratian of the weld. The 
penetration on the present welds was four-fold greater and appeared 
sat isfactory f o r  cleanliness and lack of porosity. 

Previous welds were deemed 

40 N-REACTOR CHAFGING MACHINE 

Modification of the new l imi t  switch assemblies which control the 
ver t ica l  movement of the machine while loading or unloading maga- 
zines was s tar ted.  Fabrication of the rear pressure r o l l e r  
assembly and the magazine piston removal equipment was s t a r t ed>  

The f i n a l  report on Design Tesf Number 1 has Seen cmpleted 
design t e s t  covers t o t a l  machine weight, major subassembly weights, 
and estimated center of gravity af %he assembled machine* 

This 

Rough d ra f t s  of reports have been completed fo r  Design Test Number L 
f o r  testirig of the machine cross t rave l  system re l i ab i l i t y ,  acd 
Design Test Number 13 fo r  tes t ing  of the hydraulic system and com- 
ponents, The l a t t e r  t e s t  includes pressure drop and flow measxre- 
ments f o r  portions of the system, pressure and flew set t ings fo r  
system components, and comments on variaus aspects of systeni m- 
s t a l l a t ion ,  r e l i a b i l i t y  ar,d maintainability 

All t es t ing  has been completed as reqilired by Design Test Number 7 
f o r  the mechanical portion of the plug conveyor subassemblies, 

Portions of the tes t ing  on DesigrA Teszs 11 a i d  19, which cover the 
hydraulic connector subassemb1;es and she f i i t e r e d  water systems, 
respectively, have been c c q l e t e d -  

UNCLASSIFIED 
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5 ,  COTu'SULTATiON WITH SAVAIWAH RIVER LABORATORY ON PRTR STARTUP PROBLES 

DiscussiorLs were held a t  Savannah River on PRTR equipment and opera- 
+ x g  star tuz problems ef in te res t  t o  HWCTR personnelc 
pcver cperatioc on August 11 and had reached 1 5  Mw on driver elements 
O L ~ Y  a t  the time of the n s i t .  
lapse problem has beerL resolved t c  SRLos satisfactlor, by h s t a l l i n g  a 
bsff ie  s l a t e  i n  the top of t h e i r  reactor vessel t o  keep cool D20 i n  
cor,tact with the helium arid thereby l i m i t  helium pickup t o  less than 
85 percent saturation (at  reactor i n l e t  conditions). 
curreritly a t  60-65 percent saturation as measured by D20 aad helium 
f l e w  from the degasser in t h e i r  cieanup stream. Their f i terest  l ay  
c h x f l y  i n  PRTR instrumert, pump, compressor, and rupture moriitor 
eqcpmecf experience, a d  ir, helium G d  D20 losses '  
heLum consuption a t  HWCTR would amount t o  i50,OOO scfm/mo. 
figures were available f o r  D20 losses,  S b c e  HWCTR has no provisions 
fsr decontamination and they anticipate metallic fue l  failures, there 
is intecse interest  i n  how the present PRTR si tuat ion i s  handled. 

The WCTR began 

The helium evolution ar,d bubble col- 

Operation i s  

Current ra te  of 
No 

6, SPECIAL FABRICATIONS 

FXL:EE~OI Froduct TrarAcient Samples f o r  Phi l l ips  

Sixtees f i ss ion  product t ransient  samples have beeri completed and 
shipped Fabrication of the remaking samples i s  continuing. Satis- 
f2nt.sry a t a ly t i ca l  results have been obtained fo r  the i r radiat ion 
sanipies cor,t,aining U-235 aluminum al loy c3res. Coextrusion 3f these 
saq ies  is i n  progressc 

CJasaificatior, of .m02 f o r  Biological Studies 

Apzrzxmately 3 ,5  g of high exposure (30 percent Pu-240) PJ@ was 
classif ied i z t o  five size  ranges f o r  Biology Operat.ion. The s ize  
rarges were as follows : 

IC greater than 5 microcs 
2 1-5  rricrms 
3 .  0.5-1 micron 
4 S J - 0 . 5  micron 
5 .  less than 0<1 micror,. 

The P L L O ~  w a s  calcined i r L  a i r  f o r  two hours a t  900 C o  
it Yas gromd br ie f ly  with e. nev m r t a r  and pes t le ,  
waE effected by s e t t l i r g  l n  water t o  which a deflocculent had been added. 

After calcining 
The classificatior- 

a d -  
Manager, Reaczor arLd Fuels zesearch 

and Development 
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N-Reactor Exponential Bcperhents 

An error in the reported buckling of dry enriched NFR fuel with no flood- 
ing as reported in June has been noted. It 
should be noted that the sirmrlated flooding in the 
produced by laylng s t r ips  of masanite flat in each channel: the exponen- 
tial pile,  however, is  rotated by ninety degrees ccarpared t o  the actual 
reactor. 

The correct value i s  +28 @. 
steam vents w a a  

Thus the masanite s t r ips  would be on edge in the a c t w  reactor. 

Optimization of Retubed Lattices 

The holes in the exponential. mockup (as described In m e >  of the "C" 
reactor l a t t i ce  have been plugged and new vertical  and horizontYal flcx 
traverses have been performed. 
24 micro-bucks between the material. buckling measured with and without 
the holes plugged for w e t  CIIIV fuel elements. 
distances were .63, 1.26, and 1.65 inches in the side-to-side, frmt-to- 
rear9 and vertical. directions, respectively. 

Tlze measurements were performed with no control rods, w i t h  one "C" reactor 
control rod i n  the center of the pile, and with six "C" reactor coctro.1 
rods in appraximately the "C" reactor control rcd l a t t i ce  spacing. The 
analysis assumed that all effective pUe dimensions were unchanged by 
control rod insertion. A s u r m c y  of the experiments Is shmn In %he fol-  
lowing table for the wet C I D  fuel, without f loodug.  

Preliminary results shar a difference of 
, 

The measured extrapolation 

Control Relaxation 
R o d s  #(10-6Cm-2) &(10-6cm'2) Lengch (cm) 

None + 58 0 63 096 

6 -ill -1.69" 4 J 5  

e control rod measurements have not been corrected 
local. control strength. 

The error in buckling for a~ three experiments is approximately f 6 
micro-bucks ., 
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Measrugenent of the Angular Distribution of Thermal Neutrons a t  the Surface 
of CaamitPnaROis 

A ,5Rmmxry enzitled "Measurement of the Ang~LL83" Distribution of Thermd 
Neutrms at the Surface cf C a d m h m  R o d s e s  has been accepted Dy the ANS for 
presentation at the Maskwon meeting in  November, 1962. The angt0.s 
dfstri%tion has ncw been derived from a simple " q t i e a l  path" concept 
t e  cmpwe, with the previcnrs results froan experiment. and Program S-X c d -  
culatiow;. This ccncept determiaes the nux at a given angle, 8, from 
& i ine  integral along 8 of the radial flux times the probability that a . 
neutron traveling toward the bar a t  angle 8 w i l l  escape collision (l-emCt). 
mu the 8nguie.r flux is derived in a very simple manner f r m t h e  radial 
flw. Tne results of this siurple m o d e l  agreed within a few percent with 
the remilts af the experiments and the S-X calculationso 

me ruiial and aggular fluxes have been calculated for 5.3" bars of either 
copper o r  caamfum. 
q e r i n e n t s  wi th  a cappep bar (or some other weak absorber) would be both 
feasible .and interesting. 
me113 i e  POW - d e r  study. 

The results are sufficiently different t o  indicate that 

Design of suttable detectors for such a measure- 

All calculations have been aade with a single thermal group of neutrons 
which doee not. properly reflect  the spectral hardening in the capper, The 
need for a better treatment of hardening is indicated by the fact  that the 
calmiated flu: ic the center of the copper bar is  1346 below the experi- 
mental reed%,  &though the drg in the flux near the surface of the bar 
is  w e l l  reproduced. Cross sectiogs are being generated for a xuultigrarp 
calcldatior; ( 1G no=- werlapping thermal groups 

Spacial Resonance Self-Shieldiag 

Assfstance tc ,  hpogramdng Operation on heterogeneous cel l  calculations 
cmtuued. Ppograrn FINDT, as described ira XDC-60-8-69, w a s  used t o  pre- 
pare a 1983 energy level. tape contaisfne cram seczions of U-235, U-238, 
P2-3331 P!-240, and a i/v absorber. The modified Doppler broadening code 
w a s  checked out,. Parametric sets of self-shielding factors VB. absorp- 
tion cross section for a VQ rod w i t h  three eonfigur8tions of Puo;! ( a s  an 
outer a.nnulus, as a central rod, and hanogenized) were generated in an 
S.4 traasport  approximation uing program S - X .  

a CALX data tape, has beea modified t o  

5 1  
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write an H3Y data tape. This new pragram, called SIGMA-3Hj picks the 
necessary information from the  TAMp (combined T%MFEST AND SAM a t p x b )  
library tape, thus s ignif icant ly  reducing the  chore of preparisg h p u t  
f o r  me 

Two recently detected bugs in APDAC were located and corrected. 
vas due to ijlcorrect derivation of the  e r ra r  w v s i i ; .  
a f f e c t  the  calculation of re la t ive  ac t iv i t i e s?  bu% cause5 AFDAC t c  gexera,l.l.y 
underestimate emcrs  i n  these ac t iv i t i e s .  
w h i &  caused mAC t o  lose occasional pieces of data,  

m e  first  
Tke f l a w  did rot 

The second was a coding f l a w 9  

ICRYI, the  complete exponential data redcctim. cocie? is 90 percent de5w- 
ged. 
dustion processing of the  code, which w i l l  replace the  three presem 
codes WWLj CB-2 and BB7TTgW=Qo 

Arrangements b v e  been made with Data Processing CcmcVrol fcr pro- 

I m f m e ~ t a r i o n  

Testa were zc=&acted at GE-APH> m fhe prctotype NPR E e l  EaLlpture Moldt9r 
gamrr~s. energy s p e c t r w t e r  and di f fe ren t ia l  alarm m d r l o .  
b e d  shat all major problems have Seen sat is iac5ori ly  rcsclved a&d c5l.y 
a mimr cutput comesfioxi problem remains. 
ame m e t  the  requirements of HAP0 Specification Ws-8lOb. A desrrpr 73st 
repon: w a s  st&ed. 

15 vas defer- 

The gezeral. prcto+Jme perfcm- 

Technfcal assistance was provided Electr ical  

be lzsed i n  cocJunction with the 3emma energy xnoait.m p c x , ~ ~ ;  of fhe PER 
Fuel Rupmre Mxdtor. 

Isstnunenti%tl@ri Desi-.. 
CF&UO: regarding purchase specifizatioas for a raL$iekamel amGyze- ..- t '0 
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C E W O  has been requested t o  assist i n  preparation of cost estimates fo r  
the 300 Area f a c i l i t y .  

Brperiment s with Plutonium Solutions 

The program of c r i t i c a l  mass experiments with plutonium-nitrate sclutions 
w a s  continued with measurements in the  l k i n c h  diameter s ta in less  s t e e l  
sphere reflected with water. 
of 44.5 t o  70.4 g pu/~. Bcperiments were made (thaugh not campleted) for  
determining the c r i t i c a l  concentration of Fu in the  full sphere a t  a 
n i t r i c  acid molarity of about s i x .  Data were obtained f o r  evaluating the 
effect  of the s ta in less  s t e e l  she l l  on the  c r i t i c a l i t y  of the  water re- 
f lected sphere. 
0.03-inch cadmium sheet and ref lected with water. 
experiments are  sunmxrized in the  following table .  
m e n t s  wi3h the water ref lected sphere pwvide a needed t i e  point with 
the  ear ly  W o r d  P-11 experiments which were conducted with d i lu te  Pu 
solutions. 

Plutonium concentrations were in the range 

In one ser ies  of experiments, the vessel  w a s  wrapped with 
The data from these 
The current experi- 

The th in  s ta in less  s t e e l  shell s l igh t ly  reduces the effectiveness cf the 
water ref lector .  
8.4 U / m U  of s ta in less  s t e e l  thickness; i n  the absence of the s ta in less  
s tee l ,  the c r i t i c a l  volume would be about 0.37 l i t e r s  smaller. 
case of the l k i n c h  vessel wrapped with 0.03-inch cadmium and ref lected 
with water, a concentration of 69 g pu/J would resu l t  in the vessel  being 
c r i t i c a l  wb.en just full (23.22 l i t e r s )  f o r  an acid molarity of 3.9 ( t o t a l  
n i t r a t e  314 g / J ) ;  the  cr i t icalemass is 1.60 Kg Pu under these condizions. 
The cadmium reduces the re f lec tor  savings of the water t o  scanethfng l e s s  
than one inch of paraffin and t o  nearly the  equi-aalent of one-half inch 
of paraffin.  

A- n a  ref lec tor  i s  defined i n  TID 7016, R e v .  1 (Nuclear Safety Gilide) 
as one of water not more than one inch thick, or i t s  nuclear equLyalent. 
The resu l t s  with the cadaium wrapped vessel are of par t icu lm interes3 i n  
nuilear safety applications in the event of water flooding, et-e.; i . e eS  
the vessels may be sized larger  ( f o r  a nominal r e f l ec to r )  when wrapped 
with cadmium. ' k i s  i s  a way of assuring that one w o u l d  have only a nominal 
re f lec tor  ( a  re f lec tor  the equivalent of one inch of water or l ess )  i n  the  
event of water flooding (whenever water flooding is possible, the more res- 
t r i c t i v e  c r i t i c a l  dimensions fo r  full water ref lect ion have been used). 
-her data are being obtained fo r  the  effect  of cadmium on the c r i t i c a l -  
i t y  of the water ref lected vessel. Experiments axe currently m e r  way 
with the cadmium covered sphere u t i l i z ing  plutonium-nitrate solxt ions with 
an acid molarity of about 1.4. 

In  te rns  of solution volume, the correction factor  is  - 
In tb.e 
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Buckling of Partially Fllled Spheres 

Because Crit ical  MESS experiments most usually yield data on the cr-d + + i c d  
parameters f o r  a sphere not ccanpletely f i l led with fuel, it w o u l d  be 
desfrable t o  how the buckling of a partially f i l l ed  sphere. Fairly 
reasonable buckling values have been obtained f o r  partially f i l led bare 
spheres. 
treated by a t t q t i n g  t o  calculate the ra t io  of reflector savings aboare 
and beluw the fuel surface. 
tion. "he first, the probability thst neutron8 on the inner surface of 
the reflectorzeach the fuel before restriking the reflector, w a s  found 
snalytically. 
the reflector, w a s  found numerically f o r  water as a f 'uction of the con- 
centration of plutonium in the fuel. The third, the ra t io  of neutrons 
leaking aut the top and curved surfacesl w a s  calculated anslytically f o r  
the hemisphere. An attempt t o  calculate this ra t io  for the general case 
using.par t ia l  differences is  under w a y .  
enables one t o  calculate a buckling for  the partially f i l l ed  reflected 
sphere, frum which a conversion t o  a full sphere with reflector mqy be 
made 

The problem of pertially f i l l ed  reflected spheres is now being 

Three parameters are needed for this descrip- 

The second, a reflection coefficient f o r  neutrons entering 

Knowledge of these three parameters 

Camparison of the &inch Crit ical  Sphere Data w i t h  Resulss of Early Han- 
9 ~ r d  P - l l  meriments 

Under the Hanford p- l l  program, c r i t i ca l  mass experiments were conducted 
with plutonium-nitrate solutions i n  a water reflected 14-inch sphere with 
Pu concentrations in the range of 26.33 t o  41.12 g pU/g e The most comp- 
l e t e  data obtained within the above range were for Pu containing 3.1276 

4.05$ Pu240. 

The present experimental program is being conducted t o  obtain data for 
higher concentrations of plutonium-water complexes than were mewdreci 
under I?-ll.  However, it is important that the present program verify 
sane of the P - l l  results t o  establish the consistency between the two 
programs. EXper-nts axe now being conducted w i t h  a 14-inch water ref- 
lected. sphere w i t h  plutonium concentrations within the range investigated 
by P - U o  BefDre a camparison of the data can be made, the results of the 
P-ll experiments must be corrected f o r  the differences i n  Pu2bo contentg 
i.e.,  frm 4.054 t o  4.676, which is the Pc240 content of Pu i x i  the current 
experiments. Corrections must also be made f o r  sl ight differences in the 
solution volumes (the "14-inch" spheres were of sl ightly different volmes ) 
and differences in the stainless s tee l  shell thicknesses. 

To make these corrections, a series of multi-group diffusion calculations 
were carriec aut with the HFN code. The mult i -grap constants used in the 
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calculations were obtained froan the GAM-I slowing dam code fo r  the  fast 
group parameters a,nd the t h e m  group parameters were obtained frm the 
Tempest Code u t i l i z ing  a Wigner-Wilkins spectrum. 

The recent experimental resu l t s  w i t h  the  14-inch water ref lected sphere are 
i n  excellent agreement with the corrected P - l l  data. 
ence w a s  less than 13 i n  the c r i t i c a l  plutonium concentration a t  a n i t r a t e  
concentration of 389 g / B ,  well within the  experimental uncertainties of 
the c r i t i c a l  mass measurements. (The uncertainty i n  the chemical analyses 
for  the Fu concentrations i s  abuut 13. ) 

The largest  differ- 

AB additional calculation of in te res t  is  the  c r i t i c a l  radius computed fo r  
the t h e e  c r i t i c a l  concentrations by the HFN code with GAM-I and Tempest 
Multi-group parameters. These resu l t s  are given below. 

Calculated 

($1 14 I’ Sphere Cr i t ica l  - 
R a d i u s  (cm) R a d i u s  (cm) Vol 

A V O l  
N g h  ) N%( glr 1 

33 -0 162 17.698 17 453 4.15 

380.5 293 17.698 17.467 3 -92 

44.i 387 17.698 17 437 4.42 

a f e c t  of Scatterers on Cr i t i ca l i t y  

Pu@-polystyrene compacts are being made f o r  c r i t i c a l  mass experiments; 
the  Pu%-plastic c a p a c t s  w i l l  permit extending the  c r i t i c a l i t y  data  t o  
regions of higher concentration than obtainable with solutions. 
mixtures are  plutonium oxide and polystyrene, (CH-)n, which is pressed i n t o  
t.wo-inch cubes. For such p l a s t i c  caapacts, the aocygen content is di rec t ly  
proportional t o  the plutonium density; nat the  hydrogen content as in 
aqueous solutions. Also, p las t i c s  such as polystyrene and polyethylener 
(C&)N~ contain carbon which is  urmally nat present in any significant 
quantit ies i n  an aqueous solution. The effect  of carbon and aocygen on 
c r i t i c a l i t y  is  of par t icular  in te res t .  

The p l a s t i c  

Certainly the poison effect ,  neutron capture in oxygen and carbon, w i l l  
be negligible in that the absorption cross sections are negligible; less 
than 0.2 mb and 4.0 mb, respectively, at 2200 m/sec. However, the  scat-  
t e r ing  properties of oxygen and carbon should have a s ignif icant  effect  
0x1 c r i t i c a l i t y .  
component which enhances the neutron leakage in comparison t o  other scat-  
t e re rs .  

Neutron scat ter ing w i t h  hydrogen has a strong forward 

The forward scat ter ing c q o n e n t  in axygen asla carbon i s  smaller, 
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therefore, neutrons which scatter frcm either of these elements w i l l  have 
a larger probability of being returned toward the i r  point of origin, thus 
reducing the neutron leakage. 

AC inda of the crrcygen effect on fast neutron leakage is  obtained from a 
comparison of ages calculated by Goldstein, e t  a l e  
Monte Car lo  Method for monoenergetic source neutrons (2  M a r )  io. water 
and in an idealized hydrogen medium having the same atomic density as 
water. 
4008 do 
concentrations., and w i t h  hydrogen-to-plutonium ratios (H/Pu) which give 
newly identical multiplication factors, 30 have @te different c r i t i ca l  
maas values. 

(ORNL-2639) by the 

age in w a t e r  is 24.6 cm2, while that in pure hydrogen is  
It is therefore possible f o r  systems with identical plutoniivn 

To determine the effect of cpcygen and carbon on the c r i t i ca l  mass of a 
PuQ-polyetyrene mixture, multi-group diffusion calculations were made f o r  
an idealized Pu23g-water solution and a bypothetical PuQ-polystyrene 
mSxture with identical plutonium concentrations' (3.837 d c c )  and identical 
H/Pu ra t ios  (5.0). 
between the two systems fran the density effect, i.e., the actual plGtollfum 
concemration for  a Pu@-polystyrene compact w i t h  an H/R ra t io  of 5 would 
be-2.8 g/ee, 

This isolates the effect of scattering on cr i t ica l i ty  

The GAM-I slowing down code was uti l ized t o  determine the eleven fast 
group parameters; the neutron age w a s  calculated by the maments method. 
The thermal gruup parameters were camputed w i t h  the Tempest Code uti l izing 
a Wigner-Wilkins spectrum, The multi-gruup diffusion calculations were 
made with the El% diffusion code i n  f in i t e  slab geometry with horizontal 
direensione'of 17.9 cm x 17.9 cm. The results are summarized belm.  

Fission Age Crit ical  Slab C r i t i c a l  
system €&/PU Pu(g/cc) - koo t o  .4 e v ( a 2 )  Lengrh (an) mss( Kg 
Pu-water 5 3,837 1.97 25.6 29 el? 35.9 

Assuming t h a t  the c r i t i ca l  slab length is correct for tke Pu-water system 
and applyLng simple age theory, which is not valid f o r  these small systm, 
but w h i c h  should be correct t o  within a few centimeters, the c r i t i ca l  
lengkh for  the hypothetical PLaQ-(CHIN system is calculated t o  be ll.5 cm, 
which is w i t x n  the expected agreement from the above result. 

m e  effect of scatterers on cr i t ica l i ty  has been further explored by a 
series of" &ti-group diffusion calculations f o r  which the sqygela content 
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w a s  hypothetically reduced i n  an idealized Pu239-water solution (32 4 8  
plutonium) is steps of 25, 50, 75, and 100 percent. Similar calculations 
were carried out t o  investigate the scattering effect  of carbon and nitro- 
gen with hypothetical Pu239-C& and Pu2B-EI$'l systems, respectively. The 
thermal group absorption of nitrogen w a s  made zero in the calculations t o  
i so la te  the nitrogen scat ter ing effect  on c r i t i c a l i t y .  A summary of the 

of calculations for a fully ref lected sphere is results of t h i s  ser ies  
given below. 

Cr i t ica l  R a d i u s  of Fully Reflected Sphere 
Percent of 

Scatterer Removed 

0 
25 
50 
75 
100 

As observed in 
than cgygen in 
of nitrogen i E  

cm 
PU-HpO Pu-EpC PLl-HpN 

the  foregoing resul ts ,  carbon i s  slightly more e f f ic ien t  
reducing the neutron leakage, while the  scat ter ing effect  
appracimately one-half that of cocygen and carbon. 

Most of the above effects  of scat ter ing on c r i t i c a l i t y  are due t o  a reduc- 
t i on  i n  the  neutron leakage at very high neutron energies (E > -025 w),  
where the scattering cross sections of carbon, oxygen, and nitrogen becane 
ccanpetitive with bydrogen. 
SmaUer a t  these energies than in the  resonance region. 
this  point, a wxlti-&oup diff'usion calculation was made f o r  an itiealized 
pU2B-&0 solution (32 g/S plutonium) with cacygen t ransfers  eliminated at 
energies i n  excess of 0.025 Mev. The c r i t i c a l  radius in this calculation 
was 16.91 cm, indicating that the oxygen scat ter ing effect  below 0.025 Mev 
reduced the c r i t i c a l  radius by only 0.39 whereas the  effect  above this 
e n e r a  contributed a reduction of 2.98 cm i n  the c r i t i c a l  radius. 

It is concluded frm the above resu l t s  that c r i t i c a l i t y  of a hydrogenous 
system i s  a strong function of the  amounts of sca t te re rs  present, 
dlensity corrections t o  systems of equal H/Pu ra t io ,  but differing in 
scat ter ing properties, m e  not valid.  

!RE scat ter ing cross section of hydrogen is 
To investigate 

Simple 

Nuclear Safety in HLO 

one nuclear safety specification w a s  issued: 
w/O hz-A1 Alloy and Natural Uo;1 Fuel Elements in the  Plutonium. Recycle 
Cr i t ica l  Facil i ty" 

"~-1 mes fo r  s tor ing 1.8 
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Camemta were submitted t o  the Plutonium Metallurgy Operation concerning 
the safe bandling of plutonium metallographic samples. 

Nuclear Safety in FPD 

Nuclear safety advice was provided concerning the processing of 1.6 w/o 
$35 enriched inanium fuel elements, the autoclaving of C and iT -1 
elements, the handling of mixed uranium enrichments, and the handlhg of 
2.5 w/o $35 enriched thorium a l l o y  b i l l e t s  . 
safety specification w a s  issued f o r  processha t h e  1.6 w/o emiched u s n i u m  
fuel elements. 

A temorary FPD nuclear 

Mass SPectrametm 

Studies have continued on the poor operating characteristics of the heavy- 
element mass,spectrameter f o r  this program. Optical and physical measure- 
ments were carried out on the alignment cf the spectrometer system while 
par t ia l ly  disassenibled. 
axis and the median plane of the magnet gap w a s  discmered and corrected. 
Operation of the spectrameter after correction shows that the effecz of 
this angdar er ror  on spectrameter resolution has been corrected. 
aspect.6 of the spectrometer alignment are s t i l l  being studied. 

An error in the angle between the ion-source 

Other 

Isstllm8entati.m and Systems S t d i e s  

The cri+,icality alarms a t  the Crit ical  w s  LaSoratory are being altered 
t o  agree with the plant standard. 
ation should be complete w i t h i n  a month. 
has been actcated w i l l  be printed aut on a digit,& printer. 
a larm point is reached, an "Electronic Ses?tqy'' w i l l  au tma t i cd ly  telephone 
a preset number and announce this condition. 

Sqlipment bss been ordered and install-  
Infomticjn as t o  which a l a r m  

When the  

A lo,?q time-constant f i l t e r  in the period section of the log n-period meter 
at the Cri%ical Mass Laboratory has greatly reduced the number of fa3.se 
scrams camed by this instrument. 
tions a t  the higher power levels were causing this condition ard an apFrap- 
riate f i l t e r  w a s  installed.  

It was discmered that signal fluctua- 

Ari aural m.omtor has been developed and w i l l  be installed at the CML and 
tested fnz the sear f'uture. The present aural monitor, conmc%ed t.c a 
fission c a t e r 9  is diff icul t  tc use above about 20 cocnts per second 
since the a t p u t  then sounds like a constant leT.rel noise. The new model 
WU use a division circdtt  and a range switch t o  divide by 10p 100, and 
1000 0 
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Wcrk has bees s tar ted QL a prototype, L m  range perlod meter f o r  the CML. 
Ths iwtrunesbt. w l L l  52 f a i r l y  slow but w i l l  indicate peri- longer than 
100 seconds. 
about LOO seconds 

Operanag zests ~f the  coxrLro1 rod drive mechanism f o r  cse a t  the  CML 
were sa t i s fac tor i ly  completeu, W e  t e s t s  include& LOO0 simulated rod 
drops. Repositioning accuracy was maintaine9 tc. f, 0,015 inches, Tbe 
cont rd led  fdi ttme was reiiuced by s l igh t  changes so It is n m  only  1.5 
times iongar than +,ne free-fall t h e  of 0.24 seconds, 

A fou - -nde  mo3el of ti. pst zalciner has bees studied asigg both analog 
emputeers. 
c u l t y  in checking out the problem. 
cbtaiseb. 
ssd 22 i i f f e r e n t i a l  relays. 
t o  tla specially fabricates. 

A Keyhcard circui t  was iieveloped t o  enter program data OE the  paper tape 
reacizct. of the data logging system f o r  the  @-Columz; f a c i l i t y .  
board and c i r cu i t s  were fabricated @ 
such keyboard mmal la t ion  on plant and the  first to include a program 
pis-board far selection of tape code characters. 

hfaxumu~ r e a b l e  periods OB the wclsting instruments are 

The mmnt of ziodir?ear eqAipent required ca*&ed same d i f f i -  

A large share of the nmliazear e q u i p n t  had 

Most of“ the  informstion, desired was 
Tzus F r o b l a  r e q a r e s  25 multipliers,  16 f?mctim. generators, 

The key- 
now j . ~  m e .  is the  t h i r d  

NEUTROY CROSS SETION PROGRAM 

Qmi-E las t i c  Scattering of Neutrons fkm Water 

TLe analysis of previmsly obtabed data 03 the  quasi-elastic scatter- 
of 3eutrons frm water shows that the  apparerst broadening of the  peaks 
with mcreasing scat ter ing angle was larger t3har, expected frm masure- 
ments rc.ac3.e elsewhere at. lmer aeutron energies, A ser ies  of maswemexats 
has been s+ ,med to repeat sane of the  previcus data with significant* 
improved eaergy resolution in order t o  see i f  E sysr,ematic bias i s  intrcr 
duced hy res-Lutisra effects .  
s cat.r ering angle 6 

. 

Measuements have men cmpleted at two 

Lneiassi: Scatt.erir4 of Meutrms from Water 

A s t a y  of the Hardor6 and C h a l k  River resu l t s  o ~ t h e  ine l a s t i c  scat ter-  
ing z f  ned.tr3ns f rm ram temperature water indicated that the scat ter ing 
kernel mighr be represented i n  a sfmple functional form when the resu l t s  
are  parameterized IXI EU;, appropriate manner. A first attempt to derive a 
E i m p i E  q r e s s i o n  f o r  the sestAering kernel resulted. iri a f’unction which 
gave a gmd fit t3 ~ e a r i y  all of the available data bit f a i l ed  ta sa t i s fy  
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the necessary normalization conditions. 
the parameterization in order t o  improve the qusl i ty  of the f i t  and t o  
s a t i s fy  the normalization conditions. 

Work is i n  progress t o  inrpracre 

Rot.ating-Crystal Spectrometer 

Design work continued on a ratatf ig-crystal  time-of-flight spectrometer 
f o r  i ne l a s t i c  neutron scat ter ing measurements. 
t o r  w a s  studied fo r  use as a type of detector f o r  the  spectrmeter.  
resu l t s  of these studies showed p r a i s e ,  and a 5-inch-Uameter detector 
has been ordered for -her studies. A multi-tube BRj detector system 
w a s  assembled for the  ini t ia l  measurements. An aluminum single-crystal 
which w a s  previously grown at Hanford was used to fabricate  a 1-3/4 
inch diameter spherical crystal  t o  be t r i e d  aut f o r  the rotating crystal .  
A n  optimum spa t i a l  orientation of the crys ta l  l a t t i c e  w a s  calculated and, 
measurements are  i n  progress t o  align the c rys ta l  by means of neutron 
diffYadion pr ior  t o  t h e - f i n a l  machining and m o u n t i n g  of the  crystal .  

6 A sma3l W -ZnS sc in t i l l a -  
The 

F'ast Neutron Cross Sections 

A ser ies  of t o t a l  cross-section measurements from 5 t o  1 5  Mev 3y the 
pulsed-beam the -o f - f l i gh t  technique w a s  terminated by f a i lu re  of the 
positive-ion Van de G r a a f f .  Only a measurement on T a  vas ccmpleted. 

Total 'cross-section data on sodium which were obtained i n  W e  were 
processed through the  data reduction program, BIG NED. These r e s d t s  
showed that the  energy scale discrepancy previously observed between 
e a r l i e r  W o r d  data and resu l t s  obtained elsewhere at Pow neutron ener- 
gies has now been e l b h a t e d .  

A study has been made of the f e a s i b i l i t y  c~f us- total cross section 
samples which a r e  on l y  O,5 inch diameter i n  order .to save costa 3x1 expen- 
s ive samples. The use of the smnller diameter samples is  indicated to 
be feasible,  bat experimental ver i f icat ion WU be necessary before order- 
i r g  the  semples. 

Instrument at ion 

The vernier ehronotron coupler w a s  ins ta l led  and debugged f o r  the f a s t  
neu*ron t h e - o f - f l i g h t  program. 
t o  the vacuum tube 256 sha,nnel amdyzer. 
t o  remove an adjustable number of pulses from the st& of the  vernier 
chronotron pulse t r a in .  This U r n s  the startug gate transient t o  be 
shifted off-scale, which provides about f i f i y  additional c'hmnels f o r  
data, 

Special c i r cx i t s  were added t c  connect 
The sa-pler  prolrides iogic  

Logic is also provided f o r  two siae  chamelso 
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I ? r c i d m  &=sign work has been done on a motor drive system f o r  a two 
cryst& neutron beam chopper. The two crystals,  each driven by a motor 
at aboxt. 12: 000 RpM must be phase locked t o  0.lo. 

T k  lC)2?c-chalaaoltfme-of-flight m d y z e r  f o r  slaw neutron cross section 
measwemeats remained i n  sat isfactory continurns t e s t  operation during the 
mosit n 

Graphite Lattice Parameters f o r  Low Eqosure Fu-U me1 

The analysis of the low exposure., Pu-AI. he led  l a t t i c e s  using Program S 
has been uxlsuccessm. 
pare t~ experiment as follows: 

Calculakd resu l t s  fo r  the poisoned l a t t i c e s  can- 

U t t i c e  Spacing (U. 1 & ( C ~ C . }  C!c Cadmium Ratio (Cell Boundary) 

talc . - 
1 0 4 2  0.920 15.2 14.1 

8-3,/8 o .828 8.24 7.24 

6-1/2 0.801 3.87 3.53 

TLe discrepancies i n  these resu l t s  are  due in large part t o  a failure t o  
take adeqmte account of the  spectrs l  shape of the  neutron flux fn the  
thermal region. 
local ly  t c  generate group t ransfer  cross sections below cadmim cut-off. 

A t  present there  i s  no sat isfactory means available 

High Exposure p12-U Lattice Studies 

Preparation anti planning work has been s t a r t e d  f o r  the l a t t i c e  experiments 
i n  the  PCTR w i t h  the high exposwe (-. 22s PU2b) Pu-U fuel. 
f o r  measurements t o  be made i n  graphite l a t t i c e s  in a manner sfmflar t o  
the ea r l i e r  work w i t h  the low exposure Pu-A1 fuel elements. 

Plans C a l l  

Lm Eacposure Pu@-U@ Lattice Studies 

Specification& for the l a w  exposure Pu%-U% fie1 elements have been 
revised. 
ana t nc  active core length of new fie1 elements fabricated f o r  use ic. 
PCTR an5 PRCF experaents .  

The purpose of the revision was  t o  s tkda rd ize  the total  length 
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240 Effective Resonance Integral of Pu 

The T i s  of the experiment t o  measure the effective resonance integral 
of Pu2 
t ion of Dresner's theoretical work t o  the analysis appears t o  be correct. 
A summary of this work has been accepted for  presentation at the winter 
meeting of the American lQLlclear Society, and a manuscript descr ibiq this 
experiment in more detai l  is being prepazed f o r  submission t o  a technical 
j-0 

was  discussed w i t h  Lawrence Dresner at Oak Ridge. The applica- 

The Crit ical  Facility 

Process specifications which w i l l  govern the operations of the PRCF have 
been reviewed and cannnents have been forwarded t o  the authors. 

Calcuiations to estimate the reactivity changes which w e  t o  be expected 
from perturbations in the environment of a fuel element fn the PRCF have 
been made as a function of position in the reactor. 
were &e for removal of NO, addition of Al, or addition of BO. This 
information w i l l  be used t o  revise the detailed procedure f o r  the startup 
experiment which is t o  measure the "Void, &Oj and %O Substitution Coef- 
f ic ientsegP Two of the three unfinished startup-test procedures are cmp- 
l e t e  and =e being distributed for review and acceptance, -The f inal  tes t  
is being prepared by others. 
t e s t s  su constitute a supplement t o  EW-71~4,  the general descriptions 
i$ the tes ts .  
prepared, 

%e calculations 

It is planned that the entire twexty-fow 

The introductory remarks fo r  this supplement are being 

Twelve 1/4" BZ%j c a t e r s  t o  be used at startup have beer calibrated on each 
of three liifferent sets  of counting eqpipment (each set  consisting of" a 
preamp, anapliffer, high voltage supply and scaler). The reqpired plc ts  
of counts per minute ITS, pulse height voltage have been &e f o r  the +,hirty- 
six calibrations, In addition t o  this, the above twelve 1/4" and s b .  1/2" 

ccunters have been calibrated m the 256 Channel Analyzer. The data 
t B2 en from the analyzer consists of differential  and integral tapes from 
which plots af c a t s  per minute vs. pulse height voltwe can be nzade. 
This information. provides a standard against  which the  B R j  crxnters  tu^ be 
checked ., 

Neutron Spectrum Studies 

A report has been written f a r  the Physics 
(€lU-?k.90) which describes the effects of 
cf L u m m  ani3 L I P .  

Research @arter.ly Report 
f o i l  thickness on the activit ies 



Corrections wnich would 5e used fcr determining spectral  indices from 
lutetium irradiat ions irr lg-rola c lusters  of UCQ Bnd Pu-A1 fuel elements 
are caledated.  The calculations have been cumpleted fo r  the U0;r 
cluster f a r  f o i l s  at the cluster  surface and i n  the center of the  d u s t e r ,  
similar caleulatiom are Seing made for  f o i l s  i n  a center r&, intermediate 
r d  

Equipment has been received for  counting beta par t ic les  and neutrons with 
s o l i d  s t a t e  detectors. The eguipment w i l l  be used fo r  measurine beta-ray 
distribtztions w i t h  the  Dmble-Focusing Beta-Ray Spectrmeter and fo r  
studying neiitron distribution3 i n  reactors 
spectrmeter b v e  begtin in order t o  posit ion a sol id s t a t e  detector i n  
place of the Geiger counter which was used previously. 

Cr i t ica l  MSSS Studies for  1,8 w/o PU-U me1 
The approach t o  c r i t i c a l  experimerrts with the  two zone loadings have been 
ccazlpleteu, The l a t t i c e  spacing used w a s  0.85 inches center-to-center, 
The r e s f i t  reported last mnth  fo r  the low concentration of Fu240 i n  the 
inner zone w a s  chmged from 486 rods t o  pc85 rods f o r  the c r i t i c a l  mass 
after a l eas t  squares analysis had been nu on the data. 

The qperixuent w i t h  the high concentration of Pu240 i n  the inner zone 
imiicates that. 490 r d s  resu l t s  in a c r i t i c a l  loading in this case. 

and auter rod of a Pu-A1 cluster .  

Modifications t o  the beta-ra;y 

A compxter program. has 'been writ ten f o r  e q u t i n g  the  buckling expression 
for an wcponentiai experiment 'co that of a c r i t i c a l  e x p e r a n t .  
analysis imol?res an i t e r a t ion  on the  epuality t o  determine the value 
fcr A: the  extrapolation distance plus ref lector  savings. The value f o r  
the c r i t i c a l  b-i;clcling Bc2 i s  a l so  calculated, 
includes the errors  on the  c r i t i c a l  nmiber of rds  and on the reciprocal 
of the slope of the ve r t i ca l  traverse from the exponential experiment, 
then the  e r rc rs  on h arid B,2 are calculated by the program and appear i n  
the output>. 

The 

If the input t o  the progrsna 

PRTR Fuel I r radiat icn Experiment 

The sc in t i l l a t i on  counters which were used t o  count the lutetium f o i l s  
have been recalibrated,  
eo-mtant, 
t o  a quantity which can be correlated t o  the spectral  index. 
t iori  fac tor  is 29 h g h e r  than had been determined previouslyo 
of this recalibration is  t c  increase the value G f  the spectral  index t o  
332 f 10% (from 327 2 10% reported previously) f o r  the  average value 
&.long the Pu-Al h e 1  element. 

The calibration factor  i s  a proportionality 
These constants convert the r a t i o  of the lutetium a c t i v i t i e s  

The calibra- 
The effect  

This analysis was made with the assunptfon 
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that the shape of 3he function which joms  L e  slowing-down dis t r iba t ion  
t o  she Maxwellian dist r ibut ion is typical  of t ha t  fn the moderator. 
the v d u e  of the spectral  index may be s l igh t ly  different  as a resu l t  of 
the reanalysis assuming a dis t r ibut ion of neutrons apprcpriate f o r  the 
outer r ing cf Rrel rods in the cluster .  

ARMF-MIIR meriments  with Plutonium. Fuel 

An outline of an exprimed t o  measure the effect  of a RB-A1. sempie on 
the spectrum in the ARMF hss been written. The data  from the reaz t iv i ty  
measurements oc. the  aRMF fuel standards in the PCTR have been e;nalyzeA 
t o  yPebd the boron and plutonium contents of each sample and the work is 
reported iri W-74796. The experiment demonstrated. the  use of the  PCTR 
88 an instrument t o  measure the quantity of neutron absorbing and f i s s i l e  
m a t e r i a l  in a sample without destraying the sample. The plutonim content 
w a s  determined frm reac t iv i ty  measurements of the same sanple taken first 
in a graphite core and then inside a water 3acket. 
w a s  found t o  an accuracy of 94 and the  boron t o  an accwacy of 3 s e  
Physics Sta t ics  Ca3,culations f o r  a Series of Fast Spectrum a i d -  - Reactors 

The paxametric m e y  of fast a i d e  reactors started aurixg e = ~  1962 
has been ccanpleteC? in cooperaticn w i t h  the Reactor Engineering Developmeat 
Operation, 

Saw b t e r e s t  seems t o  exist 19 the  poss ib i l i ty  of u i n g  fast reactors f o r  
the  p rduc t i cn  of high grade Pu-239 or of target  miter ia ls  f m  E-238 and. 
U-232 Frcduction. 
zient physics s t a t i c s  data which could serve as the basis fo r  p r e l i n i n a v  
ecoarmlc evalleations of variaua fast reactor utilization proposals, A 
v e r y  wide range of parer levels (100 
of the reactors investigated were fueled with U-235 and U-238 3uz some 
Pu U-238   ELI Fu T$-232 system were also consiaered, 
is  interesting, because fi? this type of reactor3 "dfrty" Pu frcm Gome 
t h e m  power reactor can be t r a n s f o m a  t c  U-233 in the r e a c t x  core 
and f c  pure PE-~%J in the reactor breeding blanket. Iz a typical  1000 MU3 
!Tho;! ccrej  fkeled witn highly exposed plutoni-an, the  Enitid. core breedirLg 
r&tfo  w a s  $d t o  be 0,98 and the blanket breeding ratio w a s  @,38. 
fnfmnal W m d  dceument, W-74939,. sumnarizing t he  resl;lk;s of t h i s  study, 
is in preparstioxz. 

Phoenix FszeLfag of Campact, Water Moderated Reactors 

A fairly 8etaiLed ser ies  of investigatlom of the use ,?f Phcenx fkel 
f o r  cmpactr water mderated parer reactors has beexi started. 
i m e s t i g a t i o z  are  ac oitgrmth of previccs work d m e  for a a m l i 1  Phrse~Ax- 
fiieled, presswized. water reactor (~7l279 ) 

T$us, 

The plutcdum. content 

m e  purpose of the present study was t o  obtaizi sufff- 

- 109000 MW> was consikered. Most 

The PL m-232 case 

A n  

These 

B. the present s ~ ~ . & y -  t w e e  
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reactqor Types have been identified,  so far, as being potent ia l  candidates 
f o r  Phoenix f'ue1k.g: 

(1) A zirconium-water reactor, w i t h  a fuel cel l  gemetry patterned 
a f t e r  the FUR seed elements. 

( 2 )  A stainless  steel-water core patterned a f t e r  the  APPRO 

( 3 )  air cooledd water moderated, nichrane reactor based on the 
"630 a Maritime Nuclear Steam Generator" proposal (GEMP-108). 

Reamor ~ o d e l 6 ~  suitable for  analysis, have been devised, and cross section 
date axe being generated by nems of the TEMPEST and GAM codes. 

PRTR "Phoenix" FUel Experiment 

=her anaLysis of the "hard spectrum" Phoenix experiment in the  central  
PRTR cell has been carried out. 
MELEAt;ER analysis of .the central  c e l l  burnout is in progress, 
f ined c a l c d a t i o m  using a TZWI3ST-GAM-m routine have a lso  been sterted. 

A t  the  present, time.? a ccmbined SWAP- 
More re- 

PRTR Experiments 

Preparations have been completed fo r  the disassembly of fue l  element 5051 
(first of the  Low exposure PU-AI elements i n  the t e s t  se r ies ) .  

M e U  Scattering Kernel fo r  Water 

With the  aardlabi l i ty  of the Ranford scat ter ing data fo r  water) sllpple- 
merited by the ChaUrRiver data, one can canpare in d e t a i l  the  Nelkin scat ter-  
i n g  kernel wit.n experiment.. 
experimental resu l t s  have been expressed Is terms of the Egelstaff scat ter-  
1ng l a w .  The Egelstaff scat ter ing law expresses d i f f e ren t i a l  crcss sec- 
rims ir! terms of a s b p l e  energy dependent f ac to rp  and a more camplicated 
factor, the 8 factor,  which depends on energy t ransfer  and mosnentm trans- 
fe r  oniy. Whi le  there is reasonable agreement between theoret1ceU.y and 
ex-perimelatti;lly derived S factors  f o r  certain values of tne energy t ransfer ,  
there are cer ta in  vdues for which the  S factors  show sericru disagreement. 
W s  disagreement may indicate that the theory is seriously inadequate. 
However, since the Melkin kernel is evaluated by a macme program, there 
is  alsc. the poss ib i l i ty  that the disagreement is due t o  errors  generated 
3y t he  machne Frogran;. 
i r -  detaiio 

For this canparison, both theoret ical  & 

Currently the machine program is being studied 
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A secmd problem with the Neudn kernel is the apparent f a i lu re  of 
detai led balance in the regions of high energy t ransfers .  
are  few experimental data for high energy t ransfers  a t  present, it is 
not possible t o  determine the seriousness of this f a i l m e .  
reformulation of the water kernel that w o u l d  avoid t h i s  problem is being 
stuciiea. 

Since there 

A possible 

Code Development \ ?  

Debugging of CAW[ is proceeding sa t i s fac tor i ly ,  and the  document rough 
d??m has been start&. 
group, i s f in i te  medium calculations. 
fuel fscrtopee, with one f i ss ion  product, have run successfully, both on 
slsgle  pass and recycle operation. 
aptions have been proved out, w i t h  one option s t i l l  being checked. 

The multi-group reac t iv i ty  and flux calculation subroutine (program ANNE) 
is bekg r e c c q i l e d  t o  incorporate improved m e t h a  of calculation. 

Debugging t o  date has consisted of rmning one- 
Cases bvolving e i ther  one or f ive  

Most of the reae3ivity f9 i tuLiza t i .m 

Amilysis of the theore t ics l  expressions for K(E,)> average cosine of 
the  scat ter ing angle, and the average energy change, a&).. derived fsm 
the  gas kernel, indicates that the two-mass apprc)acag t o  account f o r  
chemfcsl binding ef fec ts  on neutron thermalization, shows su3Yicien.t 
p r d s e  t o  warrant fur ther  development. 
g{q) and 
percent ecmple%ed. 

A machine program t o  evaluate 
as M c t i o n s  of p sad A ( the mass parameters) is 60 

RBU Cross Sec t im  VDdatim 

Eleven fscxapes pertinent t o  pRTR reactor p4ysics analysis have been up- 
dated on the  RBU l ib rary  tape. Those isotopes thus t reated are: U atnu E ( g 2 5 9  236, & 238); Plutonium (2.35~~ 240, 2412 a9d 242); and $ 2  I3e.J 
0.L 9 zr(mttrral). 

Instrumentation and Svstems Stut ies  

Technfcal assistance w a s  provided regarding adjustment and m&ficat,ions 
of the PRTR Fuel Ripture Monitor, It w a s  d e t e d c e d  tlzat extremeig high 
ac t iv i ty  in the  gas s w l e  chambers tended to drive +,he count-rate meters 
-1 scale on the highest range and that rate-meter discriminatcrs had. 
bee3 se t  'GD the marginal operaxion pain% LE an a t t e q t  t; >rung t he  rate-  
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meter readings oat0 scale ,  
caused the meters t c  read damscale. 
reset  and the detectors were moved further from the sample i n  two chambers 
uti1 the rate-meters read 20$ of full scale on the highest range, 
alternate,  a lead plug was fabricated and inserted in to  the third sample 
chamber i n  f r o m  of the detector. 
i n  it.. &is0 provide& a rate reduction t o  20$ of fLoll scale on the Ugh 
range, An emitter folluwer prerunplifier w a s  designed, fabricated, and 
attached t o  the probe of the fourth chamber. The output of this probe, 
which is ;  avhflable fo r  insertion and t es t ing  of any sample chamber, was 
ca3led t,o the control room multichannel analyzer fo r  gamma energy spectral  
analysis work. 

A t  increasing rates ,  this djustment a c t . d l y  
The gscrfminators were properly 

As an 

This plugp which had a 0.375 inch hole 

Shielding calculations were made t o  determine the required thickness f o r  
the door between the airlock c e l l  and the cask handling area of the Fuels 
Recycle p i lo t  Plant. Plans t o  process fuel elements of different  geanet- 
Pies than previously considered required mme changes in the design bases 
f o r  radiation shielding. 

All labmatory t e s t ing  w a s  successfully completed on the  second generation, 
f i n a l  ~odeL, sc in t i l l a t i onp  transistorized, effluent. monitor f o r  gamma 
emitters f o r  use at PRm i n  the containment t r i p  c i rcu i t .  
is ready f o r  ins ta l la t ion  by PREI personnel and w i l l  replace the first 
prototype wlvch w a s  temporarily installed as a replacement for the  o r i g W  
inadequate empment, 
an6 f i n d  packaging. 

The instrument 

The new model has improved electronic t r i p  c i r cu i t s  

Dmtmctiom were prolrided Structural  Materials Operation f o r  calibration 
of' the recently assembled Mark I1 probe %or measuring the process-to- 
shroud txbe anmius i?z the  PRTR. 
and delivered alsc. 

Nine spare t e s t  co i l s  were fabricated 

Developmezt was s ta r ted  on instnunentation f o r  m e a s u r i n g  the  vibration of 
PRTR fheL elements, both i n  the  hot loop mockup f a c i l i t y  131 the 314 Build- 
ing and ultimately i n  the PR!FR. 
eddy current sensor was determined with a laboratory n;ockup. 
sens i t lv i ty  of: two mil l ivol ts  per 0.001 inch displacement between a fue l  
r d  and the  process tube was observed Over the t o t a l  possible range of 
process-to-shroud tube re la t ive  displacements m s  si& seas i t i v i ty  is 
sxff ic ieat  fo r  recording. The probe w i l l  have t o  operate at temperatures 
up t o  about 5000F and selection of sui table  materials and cal ibrat ion 
procearares poses a number of d i f f i c u l t  design problems. 

The f e a s i b i l i t y  of using a dual probe 
A basic 

E'RTR Test Rmber 35: a repeat of PRTR Test Number l2> on reactor noise 
BatiJys~s.~ was performed during the week of August 13-17, The t e s t  called 
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fo r  the shuI.taneausI tape recording of information from the serrclmancrete.r, 
moderator leve l  dip tubes, galvanometer chamber, snd two flux ehembers. 
Information from the galvanometer chamber was not recorded Secatzse of 
d i f f i cu l t i e s  with ground loups i n  the  measuring c i r cu i t ,  The reactor 
parer leve l  and moderator leve l  were held as steady as possible during 
the recording. 
by mcderator leve l  variations;  thus reducing the si@-to-lroise r a t i o  
of the data and the accuracy of th2 resu l t s ,  
remcved frau PRTR and the  PRTR systems have been r e t u n e d  t o  cormal. 
W p i s  of the data is h progress. 

I n i t i a l  investigation and evaluation of an arialog paaer-spectrun! analyzer 
operating on Fourier andysis principlea were cclarrpleted. 
of this study w i l l  form the basis of a report which presents the theoreti-  
caJ. basis f a r  and the pract ical  aspects of this analyzer. 
of the report is c-leted. 

A PRP Cri t ica l  Faci l i ty  analog study t o  determine the  mclear  accident 
potent ia l  of the  reactor using sari- types of f i e 1  elements i n  the  core 
vas cmpleted. 
reactor is in dire& contact with the c9re9 previous studies were nade 
us% a greatly simplified heat t ransfer  nodel. The most recent st,udy 
used a meh more elaborate m o d e l  including steam and void formatxm i n  
the moderator ard the  effect  of moderator boil lag a t  the surface of the 
fuel. elemeats ., 

Work s ta r ted  on an a x a l D g  simulation t o  study possible nwlear excursions 
fn the F'RTR wffh yarious fue l  loadings, mimum pmep levels and. mejc.imum 
fuel temperatwes arc being determined f2r exnwsions rcsult~ng ?ram 
vaxious postulated reac t iv i ty  disturbances e 

However, usable t e s t  i n s t m e n t  s ens i t i v i t i e s  were lfmited 

All t e s t  eqLipmcnt has beela 

Tlse findbgs 

A ro@ 

Since the  moderator-coolant of the C r i t i c a l  Faci l i ty  

A ser ies  of revisions and corrections t o  the neutron regeDers+ing 
detector cmpcter program was e6 ablished. 
a ser ies  of 19211s uing $38, and Pu2w as %he cr_jrsstit3uen%3. 
peratures cf 100, 400, an2 800% were used Q3r the spectral  parameTers 
(r valxes) of 0,003 0.04, and 0.08. 
actual reactor operation c ~ m t i o n s  FOP Those f e r t i l e  ~ d . . l d e s  ?.FI+,n 
cmss sect i%s s t r o a y  dependent on neutmn zempersZue and spectrmp 
the opt- initial canposition arid the useful l i fe t ime expe2taxcy were 
d e t e d 2 e d  t o  b= grossly different  in %h v a r i x s  easeso 1% hail been 
assumea in the ealci la t ions thaz the U23' cross secXon w a s  canstant; 
therefwe,  the oF+,Fmal camposition a d  useP2. l i fe t ime 3f the detector 
were similar fc all cases. 

The prcgram. w a s  then used i~: 
Tem- 

These mdues were ciqecfed 5 3  bracket 

It is conelcded 5h- t  it v02.d 5e an d y a n t a g e  
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tc -s.e s ferci2.e ma te r id  with a constant cross section; howeverl nore 
5 e t a i k I  $3c cross section information is  needed t o  es tabl ish i t s  w e -  
fulnes,s as a f e r t i l e  material i n  the regenerating detectors. The cross 
section of TI1232 is iess erature and spectral  hardness 
'GW WE. cross sections of howevers Th232 has not been 
considered because of the long incubation period between the neutron 
capture prosese d the appearance of the  f i s s i l e  ncelei. 
fertile material cross section establishes the basic useful detector 
Lifetimej the f i s s i l e  nuclide cross sections a l s o  hf luence  the  1 i f e t h E  
sc no simple relationship exists w h i c h  can be used readily t o  estfmate the 
useful. Life expectancy of a given se t  of .nuclides e 

FormaL documentp BH-73335s "Feasibil i ty Study of --Core Neutron Flux 
M C m i . t ; G r i n g  w i t h  Regenerating Detectorster D, E, Hegberg w a s  issued. 

Although the  

An investigation of the  dfffusioa and propagation of e l ec t r i c  f i e l d s  a d  
currents iri cox&xtora is being made t o  f ac f l i t a t e  a bet te r  understaxdhg 
of the rta'cure cf the  wave propagation within eddy current t e 5 t  spechem 
an2 to aid is the  design of special co i l s  for  the  broadband eddy current 
rest, 
ing equipem. are being tested,  evaluazed and modified. Construction of 
prckxype cslrcxits (based on the breadboard c i r m i t s )  is proceeding. 

Tests of t i e  new graphical nulling unit  incorporated in an eddy current 
t&ing tester were extended in to  the range of smell  tub- f l a w s  and 
Limits of resolution of the  present design were determined. 

The imvst iga t lon  of the propagatian of e l ec t r i c  f ields and currents in 
coTKL:ct3rS LE being made by l i t e r a t u r e  search, a n d y t i c a l  study, and 
LaWr atory measurements Preliminary measurements are being made of the  
distrLbE%ion of e&4v currentg on the  surface of a brass plattee 
1s bar? d a p t e a  for makfing measurements in liquid Woods metal. 
msulated capper loop (plus leads t o  the exter ior  of the  metal) $as beeri 
devised which snoleld produce a minbunn amount of d i s tor t ion  of the distrf- 
b X t i m L  ~f ed&y" rurreIzts io  the metal. 
ing the Loop imide of the metal has been adapted. A thermostatic control 
1s be- m o a f f i e t i  tc prwide  a constant ternperatwe in the  liqdid metal. 
An me& atnosphere of argon will be needed t o  reduce the oxidation of 
the swface of the l iquid metal. 

Bredboard. type c i r cu i t s  for  the multi-parameter e m  m e n %  t e s t -  

EquLpm!=m 
An 

EQ~pment f o r  accizrazeu position- 



Work on the multifrequency eddy current t e s t  unit is proceeding. Through 
the use of breadboard circui t ry ,  it w G  proved that the  Y a r i u u s  frequency 
ecxponents can be nulled and separated f ran  the  cangosite signal with 
the proposed circuits. Accordingly, a tuned amplifier incorporating 
automatic gain control and a detector stage w a s  designed and tested.  
of these tuned amplifiers have been constructed f o r  the f ive  frequencies 
t o  be used. 
tuned a,mplifiers (and the  osc i l l a to r s )  m e  made as plug-in units so that 
different frequtncies can be used a t  a l a t e r  date if desired. 
L-C type osc i l la tors  are being converted t o  crystal  osc i l la tors  f o r  
greater stability. 
c m e r t e d  w i t h  a minbmm of new w i r i n g .  

FPve 

Testing of these amplifiers is  now being ccrmpleted. These 

The fm 

These osc i l la tors  were d e s i a e d  su they could be 

The new graphical nulling uni t  pennits the laruing or  near nulling of the 
ddy current test probe si- by m e a  of the  adJuetment of. a single 
control lever  which muves in  a plane representing the  voltage plane af 
the t e s t  c o i l  output. 
plot  of the  t e s t  c o i l  output voltage may be made s i m p l y  asd direct ly .  
This makes it possible t o  readily r e l a t e  the t e s t  c o i l  output sigm%ls t o  
published and experimentally determined p a t t e r n ,  
mounted on an eddy current tubing t e s t e r  show that i - h  w i l l  f a c i l i t a t e  
the adJustment of the  t e s t e r  and the interpretat ion of t e s t  results. 
Tests show t h a t  the resolution and l inea r i ty  of the present model need 
t o  be increased for  working w i t h  s m d l  i r regular i t ies ;  fo r  example, 
0.005 i n c h  electro-machine notches in 0.25 inch O.D. Inconel tubing hav- 

A specid. feature of the device is t h a t  a graphical 

Tests of the device 

ing O e O W  iaach w a l l .  

An invention disclosure9 HW-74595, t i t l e d  '%My Current Nondestructive 
Testing Device w i t h  Graphical Nulling Feature" w a s  prepared and forvarded 
t o  the Patent Attorney. 

Wrconium w i d e  Detection 

Results of X - r a y  analysis of hydrided Zircalay-2 samples, using a rotat-  
ing sampie holder, agreed qual i ta t ively w i t h  p rev iou  X-ray studies. 
Sonic damping appears t o  correlate  with &bide content in small Zlr- 
calcy-2 coipons. 
designea. 
proposed mecheazfsms of hydrogen embrittlement in ZlrcaJoy-2. 

A coupling j i g  for s t ress -a t tenmt ian  studies hss been 
A l l t e r a t u r e  search reveals that there axe at l e a s t  three main 

The X-ray analysis w a s  made by Chemical Separations, HLOs at OUT r e w e e t o  
A rotating sample holder was used in an attempt t o  reduce preferred 
orientation e f fec ts  which have prevented quantitative analysis for sur- 
face hydride 
effects  were 

concentrations in these s tuGes  
not reduced enough t o  obtain quantitative resul ts .  

The preferred orientation 
Xmerer, 
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gooti q - A i t a t i v e  sens i t iv i ty  t o  hydride concentrations dum t o  300 ppn was 
cbtaised. 
ber, DecemSer 1961 quarterly report. 

Somc dmping neasurements were made by FPD on the same group of samples 
being used f o r  the X-ray studies (coupons approximately .G2 x .6 x 2 inchef 
cox?taui.ng l o p  100, 300s 400, 700, 10009 and 5000 ppn hydrogen). Damping 
a t  a freqcency cf approximately two kc increased with increasing hydrogen 

This agrees with previous work reported in the October: Novem- 

ccncenkrat ion. 

Zntrasolue methods are useful f o r  examining small  areas due t o  the '%e=- 
ing" effect. which OGCWS for  a piston type transducer at high frequencies. 
Possible mecbaisms for  ultrasonic stress-atternration effects ,  based on 
d i s l cca t im  theory) were described in the Aprflj mys June Quarterly Report. 
The sonic damping resul ts ,  mentioned abave, may U c a t e  that bydrfae . 
came8 an increase in s t r e s s  induced dislocation movement. 
c m i d  &SO irarifcate an effect due t o  hydrogen diffusion withing or at the 
b-aries of, hydride p la te le t s . )  Accoldfng t o  the proposed mecW8xm3, 
styes& i nheed  dislocation muvement would cause an increase i n  Trltrasoaic 
atfenuxion. 
been oDser!eCip but has been questionable due t o  variations in coqLLf?g 
&ring stressing the  samples. A j ig  t o  accurately maintain the  sample 
ZG transducer spacing tiwing s t r e s s  application was designed wad fabrica- 
~ L O E  costs were estimated by Technical Shops. Other posEible coupling 
and transdue- methods are being considered a lso ,  

(However, it 

A n  apparent. effect  of s t r e s s  on ultrasonic attenuation has 

A l i t e r a t u r e  search revealed that one proposed mechssisna of hydrogen 
abr i t t l ement  fa Zircaloy-2 is based on realignment of s l i p  planes i n  
z i r sonim m i d e  p l a t e l e t s  at 830 ppm hydrogen content so they are not 
parallel t o  s l i p  planes i n  the  metal. 
effective a% bgh strair, ra tes ,  is  based OL the  intersection of M n s  
wirh hydride pla te le t s ,  a9d subsequent formation of microcracks. 
mechanism is based on h i t i a t L o n  of microcracks &de t o  the Ugh s t r e s s  
? l c X  arumd a hydride p la t e l e t .  

Anather mechanism3 which would be 

A tM 

five Savann,ah River and three W o r d  aluminum clad uranium. fuel elements 
were beat t ransfer  tes ted ,  and resu l t s  from the HAP0 f'ueb element t e s t s  
were campared witn  autoradiographs. 
coo.le3 lens barrel  impraved s t a b i l i t y  of the heat t ransfer  t e s t e r .  

The Savannah River fue l  elements were the  hot-die sized type. 
of twc had been anociized on the inside surface pr ior  t o  sizing, asbd the  
rjrherz had beers l e f t  i n  the  normal conditi.cn 

Tests have s h m  that the water 

The claddhg 

AppuenT. heat t ransfer  
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defects appraximately 1/4 inch in diameter were fd ia cne anodized, ard 
in m e  of the  normal fue l  elements. 
G f  sens i t iv i ty  f o r  the  t ea t .  

Cornparism of hea+, t ransfer  test resu l t s  with autordiographs of the HAPC 
Ate1 elements showed that two of the elements, which give no heat t ransfer  
defect indicationsp had porosity (void l e s s  than 1/4 h c h  diameter) in the 
AlSi braze layer.  
ing HAP0 fuel element correspcnded t o  voids appraximately l/4 inch in 
diameter. 

However, the sign8J.s were a t  .;he limit 

Heat t ransfer  defects which were detected in the  remab- 

Tests show that i n s t a l l a t ion  of the  water cooled lens barrel  on the radio- 
meter closest  tc the  plasma beat source has Lmprmea the s t a b i l i t y  of The 
radimeter .  Thu, the bc rease  izl s l g n s l  which prev iou ly  occurred dminq 
each fue l  elemelzt t e s t ,  and interfered with operation of the dual rad imeter  
system now ? . e r  development, has been greatly reduced. 

Other Tests 

AEI inve=ltlon disclosure, RWIR-154O9 "A H a l l  Effect Magnetmeter for  t h e  
Nordestructive Testing cf Steel" was prepared and forwarded t~ t3e Patent 
Attorney . 
USAEC-ABCL coopwATm PROGRAM 

Nordestructive Testing of Sheatn !Cubing 

Strrdies t o  compare she ultrasonic response of d r i l l e d  holes with nofches 
were conzhu?d with the  aim of arri-dng at suitable s t a d a r d s  and. c d l b r a -  
t i o n  procedmes for the fael  element sheath tube t e s t .  B r t h  the  L o a g i t c i i z a  
a d  transverse t,estg were imes t iga ted  using several altrasound enfry az&es. 
A 0.005 ita& diameter bole d r i l l e d  through a 0.030 inch thick w a l l ,  C.750 
inch aa$side diameter tGbe w a s  found t c  have a response agpearing t c  Se a 
c q o t i i t e  of the  response from respective outside d inside surface nctches 
of abmt m e  w a l l  thickzess in  length and one-tenth w a l l  %hichess  ir, depth. 
The signal amplitude for  t h i s  s ize  hole w a s  within le 3f fkxe m t c b  sisal. 
mqlitc.de U e r  cer ta in  condizions; which indicates tha t  a %le stm&ard 
would >e stzitable f o r  se t t ing  proper kf3tnunent gain, Hmever, fhe gate 
se t t ing  must be accurately positioned frz order f h t  bosh autside aril inside 
surface aeiects  axe equally Oetectable. T h i s  reqyiremenf appears t o  be 
best established through the use of notches. 
notches as primary standards and dr i l l ed  hDles as secondaryp 3" working 
standards 

It may be p r a c t i c e  t c  use 

In previous work on t e s t  evahat ion,  tezta%isTe agreement w a s  abtaiaed tetween 
the  measured iLtrascnic respclnse to defect depth and t,ht prdic tec i  analyti- 

is dependent upon the  Lamb-waaTe modes -aeA1 and ia some 
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casesp E t  remains constant; OF even decreasesr as the  notch is made 
5eepcr: rssher than increasing uniformly. Since s ~ c h  conditions c r i t i c a l l y  
effect  3he -&e cf Lambwave prcpagation fo r  tubing t e s t s 9  the exact res- 
p ~ ~ e  :neecis to $e established. 
nal mtcrhes are being fabricated f o r  use i n  campleting the studies with 
0,035" w a l l  t h i c h e s s  tubing and fo r  extending the resu l t s  t o  0,017" w a l l  
th ickrss  Z i r c a l q -  tubjsg, 
the walL thickness i n  1/10 w a l l  thickness steps. 

Additional s e t s  of transverse and longitudi- 

The new notches vary in depth from 1/10 t c  1/2 

B-al;lacioz~ ef the  tentat ive calibration and t e s t  procedwes under p redc -  
t im eo&t,iom waEs started. As an initial effort, a cooperative program 
was established with one of the tubing manufacturers (Harvey Aluminum) 
t c  l ; l trasmically t e s t  200 tubes (0,505" O,D, x O.O3O" wa;Up  zf.calay) 
aeccrding 50 our procedures. 
were tes ted as prescribed within the l imi t s  cf the available equipment. 
When the tubes are received at Hanford, they w i l l  be t es ted  again with 

tmc t ive ly  analyze&, 

The tubing plant w a s  v i s i t ed  and. the  tubes 

..If U-L - r a s x i c s p  fluorescent penetrant tested, visually a c d n e d ,  and des- 

Pr ior  t t r  performing the t e s t  in the  manufacturerps plant? three standards 
~9ez-e fa-zrfeated, Each standard contained outside snd inside surface longi- 
tdw nat.ches and an outside transverse notch; all were electro-machhede 
The notches were made OR w a l l  thickness (O,O3O") long by O,OOl5" deep. 
Replieation of the  notches indicated good reprodwibi l i ty  in machbh& 
t.he greatest variation w a s  0.001". 
not.ches on the three standards were obtained under production t e s t  c d f -  
tions using the IIanford ewpment. 
waE w i t h x i  lo$ for ali notches, includhg inside and aptside surface 
nclfcbea, 

The ultrasol;ie responses fo r  all 

Ultrasonic response r e p r d u e i b i l i t y  

One cf the standards w a s  used by the  manufacturer in running his 
tt?scE 

tude ciifferenzes wtlich were f a i r l y  large.  

115 

A Wemeaza.l analytical study to formulate 8 physical interpretat ion of 
Lamb-wave prqagatfon i n  plates  for  phase ve loc i t ies  greater than tk 
Z i s e a l s y  longitu&iwl velocity was caq&eted. 
wave excitatioE as the sfmultaneou propagation of shear and longitudinal 
c c m p m e ~ t B ~ s  an& p r e a e t e d  the suund amplitude ra t ios  within the metal 
spe@imero 
edge where a metal-waxer boundary exists,  the  longitudinal and shear cam- 
Fmexats shcc;iid separate i n t c  a predictable pat tern in the water. 
images of place a d  leakage during Iamb-wave propagation demonstrated that 
the m a l y ~ i c a l .  s t a -  w a s  appraximately valid.  
s c - a  amplj tde ratios by eqerimental  methods w a s  d i f f i c u l t  becawe of 
soun3 ciif"Traetios effects  which were not i n c l d e d  i n  the analytical  work. 
HOW~VEP~ the experimental work did provide v e r i f i c a t i m  of predicted amgli- 

The st@y t rea ted  Iamb- 

1% w a s  based cn the  premise that as Lamb-waves approach a p la te  

Schlieren 

Acetzlcate determfaatfoa of 
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Atmospheric physics 

A ser ies  of nine successful dispersion experiments, designed t o  c l a r i fy  
cer ta in  features noted i n  the  19% Green Glow data re la t ing  t o  emission 
duration, t rave l  time t o  a given distance, and averaginq time of me+Jeor- 
ological parameters i n  re la t ion  t o  dispersion parameters d u r a  s table  
atmospheric conditions, were completed. All t e s t s  were conducted dUrfBg 
the  dght-t ime hours, using a continuous source near ground le-gel. In  
addition t o  the ustensive ve r t i ca l  and horizontal, sampling grid extending 
t o  two miles fram the  source, the sampler arc at eight miles w a s  react i -  
vated an5 used during f ive  experiments. Release periods var ies  from one- 
half t o  three and one-half hatrs.  EScposure data were collected se r i a l ly  
at selected locations with the m o d i f i e d  &dm s q l e r s .  
ea r l i e r  experience, no problem w i t h  obscuratiozl of samples by razural 
atmospheric dust occurred durirg th i s  ser ies .  

The second, in a ser ies  of experiments t o  measure d i rec t ly  the  d r y  deposi- 
t i o n  of zinc sulf ide t racer  material on vegetationg w a s  cmpleted OB 
August 28. 
all eqdpment w a s  muved from the  200N s i t e ,  used previcusly, t o  a gew 
s i t e  near %he old W o r d  Townsite. 
with cheat grass averaging 35 centimeters i n  height. Zinc sulf ide re- 
leased frm a ground source w a s  sampled a t  a height of 1.5 meters on 9scs 
at distances of 25, 50, e;gd 100 meters. 
gr- surface material were collected a t  r e m a r  intervals  along arcs 
a t  the above distance. 
Tpi-Carb S c i n t i l h t i o n .  Spectrometer t o  yield deposition measarements. 

Summsries cf gross s t a t i s t i c s  of data from 60 Hanford diffusion experi- 
ments conduzted during the period 1959-1962 anrl 76 experimecss a t  Cape 
Cazlaveral,, Florida, conducted during 1961-1962 were canpletad. Ali of 
these experiments employed the  seme experimental design and assaying 
techniqm:, a& have a cammon source height of about, twc meters. 
fimction relationship w a s  f i t  t o  the decraase of normalized centerline 
exposure, EP/%> w i % h  distance of the form 

In coEtrast t o  

Because of possible cross-containation between experheats,  

The t en t  area was unifsrmly covered 

Samples of cheat grass and organic 

These samples w i l l  be ash& and assayed w i 3 2  the 

A pwer 

Ep/+ = 

where x i s  the  distance from the source. 
a r e  tabied below 

Values of the parsmeters found 
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Test, Series 
m b e r  of 

b Brperiments - a - 
-1.8 18 
-1.7 17 

I 2  

1.959 Hanford ( Stable) 6 -3 
30 Series (Stable) 4.2 
30 Series [Umtable) 14.9 -2.1 
Cape Canaveral (Stable) 18.1 -1 09 19 
Cape Canaveral (Unstable) 12 09 -2 .o 55 

Dosfmetry 

Measurement of the radioactivity i n  Alaskan Eskimos continued. 
apparatus was taken t o  Analrtuvuk Pass, a small v i l lage  in the  interior- of 
Alaska. 
s a r y  t o  buil0 temporary ones in the  upen. 
tfmbers placed i n  a hole dug down t o  permaf'rost. 
and dust was provided by a wood framework covered with p l a s t i c  sheets; a 
floor was made of sheets of plywood. Vhen the  measurements at Aaaki;uvulr 
were ccmpleted, the counter was returned t o  Kotzebue. 
g C i p  of people from the  Dicuuede Islands and a few more people from 
villages arum3 Kotzebue were counted. 
the vi l lage of Point Hope, the last vi l lage it is  planned t o  v i s i t .  

The 

NG accommodations fo r  the counter were available so it WBE! neces- 
The counter was supported on 

Protection from ra in  

Theres a SIULU 

The counter w a s  then maved t o  

Some of' the results of the Eskimo studies are now available. 
bcdy budens for  permanent residents of different  Alaskan vil lages  are 
giver. i n  tb.e f"5Llaring table. 
data are added or eliminated or minor calibratim.changes are necessary. 

The Cs-137 

These resu l t s  may be changed s l igh t ly  if 

Cs-1.37 Body wlrdens i n  
Alaskan Eskimo Villsges 

Village 
Number of 
Sub Aect s 

nc of Cs-137 
Min.frmlm WimUm Average 

For emparison,o the average body burden of CS-137 of subjects counted 8% 
the  Hanford whole body counter during this period was 5 t o  7 ne. 
first measurements on Upplanders gave as high as 361 rice 
maems made i n  the  Fall of 1961 gave 320 and 190 nc average body burdens 
for  male and f&e Swedish Lapps and 243 and 123 nc f o r  FfIllcfsh Uppsp 
respectively 

The 
-row meas- 
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A rough explanation, that I s  quite probably the correct one, can be given 
fo r  the different  average burdens in these villages: A l l  of these people 
get a good share of their food from stores. Most of the s tore  food comes 
fram the  other s t a t e s  and is not expected t o  produce high or very different 
Cs-i37 body burdens. A t  the inland vi l lage  of Anaktuvulc Pass, about half 
the food eaten is caribou which they hunt. 
considerable Cs-137. A t  Barrow, the people get more of t h e i r  f o e  from 
the store; the r e s t  of t h e i r  d i e t  is caribou and sea food. 
contains 7ery l i t t l e  (3-137. 
frm stores i s  about the saae as a t  Barrow3 but the people also eat consid- 
erable reindeer meat abtained from dcunestic herds. The reindeer meat 
seems t o  contain even more Cs-137 than the caribau. 

Caribou are  known t o  contain 

Sea food 
A t  Kotzebue, the proportion of food obtained 

A study w a s  begun of the  use of pure CsI scfn t f l la t ions  at liclufd n.i*roger, 
temperatures. 
operation i n  reducing pha tmul t ip l ie r  noise and in  produchg large s c i n t i l l a -  
t i o n  pulses frm the C s I .  Techniques fo r  cauzlting at l o w  texuperat'res 
were worked at. Initial t e s t s  were made with granular layers of CsI. 
These performed sa t i s f ac to r i ly  except that no photopeak resolution w a s  
ObtsLmble. 

The purpose was t o  explore the advantages of law temperature 

The new accelerating 3ube obtained f o r  the  V a n  de G r a a f f  last msath appear25 
t o  be lylsatfsfac3ory. It w a s  returned and another one obtained. It, tco2 
appeared t o  be unsatisfactory i n  the same way. Exhaustive t e s t s  were made 
of the V a n  de Graa f ' f  without finding ar.?ything e lse  that might 5e at f a d 5  e 

Fplnally, it w a s  fwnd that removing the recently ins ta l led  ion-getter 
pump eliminated the trouble, i.e.,  the  accelerating tubes were not at f a r i t .  
We do ncrt how the nature of the  d i f f i cu l ty  wfth zhe im-ge t t e r  p-. 
w a s  necessary t o  wt back on the system the vacuun plmmp t -hat  hati been dis- 
placed by the ion-getter pump. A t  present, we use the regular vacuum pumps 
and close of f  the ion-getter pump while operating; at  night and over week- 
ends w e  w e  the ion-getter pump. 

It 

Fa-bricatior? w a s  cclnrpleted of the  device f o r  producing SoubLy ckarged helxm 
40- fo r  use w i t h  the Van de G r a a f f  a 

One of the precision long counters w a s  lomed t c  M ~ u d  Laboratory s3 they . 
cmA c q a r e  theirs with it. 

A Shipson P i l e ,  a monitor f o r  cosmic ray neutrons, was coastmetei! 20 be 
used t G  detect variations in backgr- neutron fluxes during f'utl;re meas- 
urement s 

An AEZ Fellow on assignment investigated the poss ib i l i ty  of employixlg a 
tneorem of Garwin (Rev. Sci. Inst ., - 23 955 (1952) 1 iC. constr;c+,ing a sFecial 
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sc in tUa t ion  COUZTEI” that rm@z >e used in neutron wcrk. 
c a m s t  be cset, 
p ~ p e s .  ~p~areaz3-y we carnot get the reqJfre8 Ugh degree of r e f l ec t i -  
v i ty  P e w r e &  fop application of the .cheorem, 

mliws frsm. the Sb-124 s m c e  wed in cur half-life measurements were 
sent i o  f o r  XWSE spe3rographic aaLys is .  
aqv cc=atarmmt 3-125 that may be present. 

b a a d i t i m  t c  the gamma rw calorimeter was designed that is intended 
tc reduce o r  e l h b . a t e  the small heat leakage fChlDd recently. 

m e  seiiti sta+,e net;tron spemrameter zztiUzing ~i-6 tbt waE o3tained 
recently was wed in measuremerite a t  the E T R  t o  investigate i t s  possible 
usefulness for spectrum measurmente in a reactor;. 
placed egaimt a f i e 1  eiement a d  with the E’ER rperating at 0-1 w a t t  
s p e c t ~ a  were obtained which shared clear ly  the thermal and fat  neuCuroa= 
p6ns of the spectrum. A t  power levels  a feas tfmes this, the  countfig 
ra te  bee- 6c Ugh and the  gamma ray pile-up-so badg that r;he spectra 
were se r ims ly  distvorted. 
de’dl~~.  frm thermal neukroij t ha t  it appeared 
is tne reactor where the device w a s  locate&. 
a t  tie request. of NGn-MetaLliC Materials Development Operation. 

It apparently 
The theorem concerns trans;missiora of l i @ t  fn light 

The purp3se is t c  aetect  

With t& device 

So much cadmfuro w a s  r e w e d  t o  shield the 
alter the  s p e c t m  

This experiment w a s  done 

DeveLupxner;t &ad fabrication was ccaapleted 0x1 a t u r d  pocket-t-ypg 
semirim E i g m 2 f n g  dose nieter. The two Driginal prdctype U d t 6 j  m e  
of vLieB i s t c o q ~ r a t e s  anLy reg is te r  readout mt3 the second which in- 
caqc ra t e s  ‘ktinqv c i r cu i t s  t o  pravfda b&h v i s d  and d b l e  fidfca- 
t.icz5 as selecteli. were demonstrated t o  HAP0 radiation protection per- 
somel,  
TO prctrl.de only an a d i b l e  signal fo lkwing  an accmaa te6  2ose of 50 
me Later m a i e l s  may bo set a t  100 m r  fcr sertais applications. The 
t*ur5 prot.ctyp~ saxfsfies the  nev requirements, and “has tested satfe-  
faetcrily t o  date. 
prmi3.e ‘L~IX cf t9e selectable level sfgmling enB visual ly- indkat ing 
type for m%iesp&te& specialized plant needs, All of the forestated 
~ D S E  meters U E ; ~  ax tamt ic  recharge type pencil. dosimetx~s BE 6ensorsp 
and sill c i rcu i t ry  is transistorize&. 

A Ilecisioa was reached. t o  sfrapliQ the dose meter design 

M-nal design effor t  w a s  emtinuee t o  eventually 

A ~ G L I ~  ex-perae32ta.L dose meter of th? Lgh l eve l  type, 5 r $0 100 rp 
was cmiplete& i n  first generation fom, tested,  aa5 demonstrated t o  
HAP0 r d i a t i a i  protection personnel. 
selezTVa3le-ievd s l -d ing  t,rQ pcint 

T D ~ E  vz i t :  which provides ti. 
uses enly audl t le  si@ing 
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d c a h e t e r  as a sensor and has an electrometer tub and t r m  

- 

i s t o r  c i rcu i t s .  
U Fmer is  supplied 'by incorporated bat ter ies ,  and no charging from ar; 
external source is required. This type of dGse meter, which tes ted  correctly 
f r a  OOF t o  +1300~, has p o t e n t i d  applications i n  nuclear accident monitoring 
and c iv i l ian  defense. 

An invention disclosure w a s  filed on a possible capacitance method for  
detecting the  posit ion of the  f iber  in a signaling dose meter electroscope. 

A number of t e s t s  were sa t i s fac tor i ly  ccanpleted following c i rcu i t  mcdifica- 
t ions  on the  experimental prototype six decade ( three aecades per scale with 
aut areatic scale switching) logarithmic response sc in t i l l a t i on  t ransis tor ized 
radiation area monitor. Stable, sat isfactory dc alarm t r i p  c i r cu i t s  were 
developed and tested.  Temperature t e s t s  of the  complete system including 
probe, cables, and instrument showed errors  based on ful l -scale  output meter 
current t o  be l e s s  than f 1.5s from O°C t o  +65OC. 
three decade log scalep t o  actual reading errgrs  of about f lo$* 
errors  were noted with the instrument at man temperature and with only the 
probe exposed t o  the O°C t o  +65OC vaziatior,. The alarm t r i p  point stabil i ty 
was ident ical  t o  the values s ta ted ,  The determined c i rcu i t  c h w e s  w i l l  POW 
be incorporated permanently in both the  log response and the  can3i;zatioc lgq 
and linear response prototype monitors. 

Circuit-ry changes t o  incorporate a rechargeable n i c k e l - c u m  bat tery were 
@ampletea on the  e x p e r h n t a l  t ransis tor ized G .Me portable instrument, which 
has both count-rate meter and aural indication of counting ra te .  

This equates, Qn e i ther  
Similar 

I 

A new light- chamber w a s  designed and fabricated f o r  use ~n the  ccntixxiais 
or real-time airborne zinc sulfide pa r t i c l e  monitor being &eveloped fcr 
use i n  atmospheric air movement and diffusion studies. 
located between the  multiplier phototvLbe and the u l t rav io le t  l i gh t  vhicn 
is  used t~ act ivate  the  2n.S par t ic les .  Althoxgh t e s t s  are  not c o q l ~ t e ,  
hprovemerrt i n  detection sens i t iv i ty  w a s  noted. 

The chamber is 

me ccmnnercial w i n d  speed and wind direct ion transaucers were received f o r  
!=e i n  the  experimental Atmospheric Physics portable mast system. 

The incorporated semiconductor preamplifiers cf the wind speed unit, w r e  
unsatisfactory and new t rans is tor  c i r cu i t s  were developede tested: a.nd 
installed. 
however, a f t e r  continued operation at +150°F, the  apparen+ly Hgh2.y- stressed 
a l i u ~ ~ ~ ~ ~ u m  anemometer cups flattened out and were destroyed. 
cross t a l k  t e s t s  were made with the  preamplifier and 500 fee t  of s m a l l  cable 
wbg 560 ohm termination. 
be abort 37 decibels. 

The modified transducer perfcrmed correctly from O°F fic +15O@F; 

Icterference or 

The s i w - t o - c r o s s t a l k  r a t i o  was decemlned t c  
This is sat isfactory especially since or2j s h ~ p i e  



Eqerments  c o n t i a a  r e g d i n g  variow meth& of sbplff ied readoat end 
m t a  ctilization for coinei8ence-type alpha air f i l t e r  counters f o r  4 inch 
x 8 irco st-5 f i l ters ,  
i a g e  nrznioc~ ~f f i l t e rs"  a pra-set count method w a s  developed t o  provide 
simple an5 rel.iabie w-d-a t ion  of data, 
t~ tne WLXC pre-set t b e  method? requires the operator t o  OBLy have to 
ZeteminE ODE m&er if the f i l t e r  is  contaminated instead of having t o  
pix. rexLt3E cm s grapLo 
SOGZCC c f  ~ ~ 9 3 9  a,& sr90-$0 iniiieated as: instrument resolving time of 
G , l  m111i6eco&. 
P f l t e m ,  ?he random. coincldenee rate ,  which inJects an error  in the  c o b -  
C ~ & ~ C E  c m e l ,  sholzld a& exceed 6$ 
i t s  1ccat;lDc t c  be cmnted, the alpha-to-coincidence e m t  r a t i o  w i l l  
slW1y c k j e  with time. 
t h e  sys+.m can still detect  2000 d/m of Fu2B i n  the presence of extremely 
l w g e  cxceri'Zrat-Eons *of radon-thoron. This sens i t iv i ty  equates to 1 Mpc 
(2  x 10-2 ylc/cc) of P~~39 f o r  a 23 how flap of 10 CFM. 

VAS€UET.OK DESIGNA!I!ED PROGW 

Following consic7,erable actual t e s t s  with a 

This approach, which is  superior 

Measurements with a special fabricated dfsk 

With t M 6  and the  &cmive t e &  data froa the 500 

Since the  f i l t e r  is ranme8 frae 

With the s ta ted variables taken in to  account, 

The miid-state dpha-particle speetr-ter has been placed in to  routine 
service to sssay s q l e  filaments to detemine the fraction of sample 
& c t - a l L y  lsadcd o ~ L ~ G  the mass spectrcmeter filament The poor pulse-heigbt 
spectrvn;, prev:ouely reported fo r  this device w a s  dettemhed t o  be due t o  
m u-i-e=lii-w ~ x f s e e  layer of about 115 kev eqgivalent tbiclazess ( for  
5 o T  Mev &l.pm~) cmF~med with the  necessary f ~ ~ . e n t - ~ m t ~  geme tq - ,  

'TEST FUMCTOR OPERATIONS 

ic t he  3esigs cf the propmed BrE@ Temperature: Latt ice 
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T e s t a  Reactor. 
f o r  tes t ing  a developmental sol id  s t a t e  neutron detector.  
requested by Non-Metallic Material Develcpment Operation. 
thenaal column was Fnstalled on tap of the pclTR. 
devoted t o  minor maintenance items. 

Several reactor runs were made t o  provide neutron flux 
The work was 
The permanent 

Part of the month was 

TTR Operation 

The TIT3 w a s  not operated during the monthe 

The second two zone experiment f o r  ie8$ Pu-A1 fuel  i n  a 0.85 inch l a t t i c e  
waa c q l e t e d  i n  the  c r i t i c a l  approach tank. 

Weather Forecasting and Meteorologic& Service 

Cc-rlsultatfon service w a s  rendered onmetarological and climatological 
aspects of 1) axides of nitrogen release i n  300 Area t o  IHO f o r  Fm)) 
2 )  phosgene release i n  2OOW Area t o  I H O  for  CPD, 3 )  distance c r i t e r i a  
f o r  Mutrial developent i n  the  v ic in i ty  of 300 Area t o  RPO, and 4) low 
a l t i tude  a i r c ra f t  sampling f o r  f a l o u t  t o  CR&D. 

Meteor3logical services, viz., weather forecasts,  observations9 and clima- 
t o l o g i z a l  services, were provided t o  plant operatiom and management per- 
sonnel on a routine basis. 

Weather summary 

m e  of Ibrecast 

8 - H w  Proa=lction 
2 4 - H c u r  Geaeral 
Spccfsl. 

Number MgAe 

93 
62 
161 

85.4 
87.3 
91 09 

A u g u s t  averaged somewhat cooler than normal. 
2-1/2 times t h e  normals there were only three days with a measura3le 
a m m t  0 

Although precipitatiors W&S 

Instrument a%ion 

The Autamattic Conveyor-'Pype Alpha-Beta-Gamma Laundry Mmitor  successfLll:r 
perfmned dwing a ser ies  of fully-operational $est3 at the  HAP0 Laundry 
Faci l i ty .  All portions of the  system performed correctly., The au tma t i c  
loading s y s t m  performed well, but needs a few csrrective adjustniems. 
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Test,& are sontiming t o  determine the proper rejection leve l  set t ings fo r  
&Lph& a& Seta-gammti. coxt.&nation. 
and. a5 extemiw,  detailed operation and maint.enance manual. is nearing 
xxnpletlon. in. rough-draft form. 
3een c q l e t  ad 

C d i b r a t i u r ,  adjustmects were ccunpleted OM the f ive  t ransis tor ized sc in t i l l&-  
t icm betaa-gamma f i ss ion  product air monitors f o r  RadfOmetaU-urgy Laboratory, 
327 EuL1-Ldir$. 
the fiftk. mit XU be operated i n  a semi-portable faskion. All units have 
perfornee! correctly t o  date. 
an. tiirborne mixed fission product concentration of 1 x io-9 yc/cc (one MPC) 
exists f o r  25 muutes w i t h  a 15 CFM airflow ra t e ,  m-ed source tests inilf- 
cate +,ke dane w i i l ,  a e r g i z e  for  2.4 x lo4 d/m Srg0-l?0, 
of the CUTE 00 the  chart recorders provides a measure of the r a t e  of 
deposition on t ae  f i l t e r ,  the fission-product air concentration can be 
estimated f o r  any shark period as desired. 

Awrnxiraately 500 actual sample air fiLterE f r o a n  the  308 Building were 
covnteii uurixlg the mozath on the prototype coincidence-count alpha air 
f i l t e r  cm-ter., which. w a ~  designed f o r  Radiation Rotec t ion  Operatior, t o  
FrovidE immediate counting of standard HAP0 4 inch x 8 inch air f i l t e r s  
w i t ' n x x  w a i t i n g  f o r  radon-thoron decay. 
after the werat ion and- instruction marnial is campleted. 

Routfie operati3n i s  expected shortly 

Most of the de taued  c i r c u i t  8iagrw have 

paur -mJ.ts were installed f o r  fiwed-location operation and 

They were adjusted t c  energize the  &,ann if  

Since the  slope 

The instrument w i l l  be i r s t a l l e d  

~ ? m , r a x = y  t e s t s  coatuued on the  f i e l d  m d e l  c o n t i n u w  coincidence-count 
al.$m. sir Iliclaftcr a5 fa5ricated for  Radiation Protection Operation, Long- 
p e r i d  +,est,. m e  necessary t o  provide adjustment infcrmatioa frm data 
obt~iixxtz 5~ring hi& l eve l  radon-thoron atmospheric conaftions 
qera t ior i  cf the monitor has been sat isfactory ta date. 

Genera 

D e ~ i g n  mi3 bevelopent cmtinued on two specif ic  instruments f o r  Mr;lshed 
FT05ucts Chemic6l Technology, CPD. The first i s  a plutol2ium fluoride 
weight d e t e c t x  t:, be -sed in ~ o c d  ~ i n e ~  234-5 -ding. 
cmsiders s sealed balance system, which w i l l  ac5ivate a very sensi t ive 
micrccswitsk when a specif ic  amauat of powder rests on the balance paxl. 
The sexmd inscUrument, t c  be used in the  same locationo has been completed 
and is a conductivity manitor mea, i n  essence, t o  determine caking of 
pluton.ilzm. f u m i d e  powder due t o  increasing moisture content e The instru- 
ment is traxsist3rizer3, U O  YA@ operated: and operates i n  a f a i l - s a fe  mode. 
A t r i p  signal f o r  high conductivity, which indicates excessive caking, is 
ixiiieated by ti. 1 q  and by closing relay contacts which can be used f o r  an 
emermil alarao !RE sensor consists of two s t a b l e s s  steel, wires properly 
space5 azfi rnamtecl i n  the Hood Mine f a c i l i t y ,  

Design t7c date 
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The airborne sensit ive t ransis tor ized sc in t i l l a t i on  gamma survey instru- 
ment, designed fo r  and in  use by Radiation Protection Operation, was modi -  
f i ed  t o  use a I 2  volt  rechargeable nickel-cadmium bat tery and a 12 VDC 
energized E-DC eomrerter high voltage suppl~. Continu- operation f o r  _ '  

80 hours is possible, and the  addenda bat tery charger w i l l  recharge the , 
bat tery avernight. 

A two-section alarm system was designed and tested f o r  use with the 
sc in t i l l a t i on  t ransis tor ized Columbia River Monitor which was designed 
f o r  and is  in  use by Radl.ation Protection Operation. One portion of the 
unit  w i l l  be ins ta l led  at the  r iver  and the second remote indicator sec- 
%ion w a s  i n s t s l l ed  a t  the Pat ro l  desk, 3701-L Building. The remote unit 
provides indications f o r  normal operation, low-level t r i p ,  high-level 
t r i p ,  and general parer fa i lure .  
and a t e s t  unit w a s  included t o  prwide  periodic tes t ing.  21 addition, 
a delay c i rcu i t  was designed t o  prevent damage t o  the  main r iver  water 
pump from possible l i n e  voltage variations following an outage. 

Operation has been fUl.l.y satisfactory.  

Audible and visual  signals are  provided, 

Calibration of micro-displacement readout systems t o  be used by Physical 
Metallurgy Operation f o r  in-reactor creep n?easurements continued. 
basic cal ibrat ion of the transducer system used in  the third generaZion 
creep capsule is appraximately 8% completed. 
considerably delayed t h i s  month due t o  repeated fa i lures  of the DC-DC 
converters used f o r  transducer excitation and demodulation. Because of 
these fai lures ,  the ambient temperature effect  tests have been cancelled. 
The t e s t  se r ies  t o  determine the effect  of varying the zero control set-  
t ings w i l l  be conducted as original ly  scheduled, however, 

The 

This ca l i5ra t ion  was 

Ihstrumentation work for  the Radiation Effects Fac i l i ty  a t  1OO-Mw included 
instal la t for i  and t e s t ing  of a protatme micro-positioner d i g i t a l  control 
system f o r  use i n  creep capsule t e s t s ,  and a v i s i t  t o  a vendor's plant 
t o  resolve problems and obtain information on the  expansian capsule data 
logging system. 

Consultation w a s  given Quality Control Engineerfig, F€?DS in the  selection 
of a system t o  read out on punched paper tape the dimensions of NPR fuel  
elements t c  be t es ted  under the Pre-Irradiation Measurements program. 

Preliminary development was carried far enough t o  permit QCE tO begin 
procurement of the system c q o n e n t s .  
t o  the 306 Bldg, ins ta l la t ion ,  but will incorporate several design imprcwe- 
ments. This is the fuurth fue l  element readout t o  be based on our i n i t i a l  
design. 

The readout device w i l l  be similar 
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4pr i cs  

A 5 e v e i q z ~ a t a 2  mde2 e l ec t r i ca l  readadt prscess tube traverse m.echasism. 
was t o s t e Z  cdibra ted .  The unit yields data which are reproducible 
to withir  0.005 inch. 
w i t h  6 pre-rf ously 5mmstrat;ed optical  unit 
i n  txc ci&t, ~ C G T  1erigt.h cf tu3e t o  be calculated - d t h  an accuracy of 
2 0.08G inch. 
A sfuiar Enit ca2 readily be bCLlt. f o r  use i n  the old reactam. 

This is about the ssrae reproducibility obtafaej. 
The data permit dis tor t ions 

i.c qerat i .mLl uit is now being designed f o r  we in mpR. 

Fakricatiaz of 20 @&BE bearings for CPD. 
Repair of tvc crane periscope he& f o r  B B5lm and Redax 
crage periscopes, 
f i - m a x z ~  fow mirrors ana one b e l i  Jaro 
Fabrizatiol; cf 50 pyrex wheels for FPDo 
Fakricatfon af an a l m m  sphere far Experiment& Nuclear Physics 
Cfperat 1 O.E* 
&senbly of a profilcnneter s tylus  for FTDo 
Repair of '!mreEcope and T\r camera lens for  S t r z c t u a l  Materids 
Degrei w e n t  HLO 
Preparation of 'two sc ic t i l l a t io r i  re f lec tors  for Exqerimatal. 
Nucleaz Pbqsies Ogeratim. 
Preparation of three glass scintfllatio,z wafers f o r  Finished 
Prc&€ets Clzere-Eeal Technology, CpDo 
Lapp~xq of t v o  test tfcdss flat t o  1.0 mcroinches fo r  Finished. 
P n k 3 t . b  OperEtt.issa, CpI). 
Fahrlcatiori of suc film. holders for Rac%iologi@hi Develxqmect and 
Calibrations2 HlO. 
Repair cf one mEcroEeope for  Ra&imetallu-gv Operation. 
PrepWat loru cf. d n e  LiF t a rge t€  for RadioLogicd Physics; Opera- 
ticai, HLQ. 
Pabricat im of cmponents of a @&meter for 2 h d c a l  Welcp- 
merit Operatioz, HM). 
R F p a i r  of stflee camera shxkters fcr Metallography Isbs. 
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w a s  done f o r  a wider vaxiety 
HAP0 c q o s e n t s  representing 

of custamers t h i s  month; some 31 d i f f e r e ~  
most of the  operating department and service 

organizations and other AEZ contractors were serviced. 
on 48 tlifferent occasions on general t e s t i n !  theory and applications. 

Kaiser E3gineers have campleted t h e i r  work on I?PR process tubes and have 
pemanently vacated t h e i r  work s ta t ions i n  the White B l u f f s  f a c i l i t y .  
W'f ic ient  tubes were tes ted  and t rea ted  t o  csanplete izlstallation fi t h e  
reactor and t o  provitie an i n i t i a l  lct of spare tubes, A small nmber of 
tubes which w e  3eing rewcrked by the  manufacturer w i l l  require tes t ing  
and treatment Physical Testing l a t e r .  

With the coanpletion of N€!R process tube work, t e s t ing  of the remahily; 
PRTR spare process tubes has proceeded, 
the  tubes except f c r  six tubes remaining t o  be pickled a;ld autoclaved. 

Minor eqpipnent modifications of the  tube f a c i l i t i e s  have Seen in i t i a t ed  
prepara tory to  t e s t ing  K-reactor Zircaloy replacement tubes. 
shipment of tubes is  scheduled for  mid-October. 

E$jdy current t e s t ing  of 150JOO0 f ee t  of 1/4" O,D, Inconel instrument tubing 
w a s  ccmpleted. 
ing determinations of hydrostatic f a i lu re  t e s t s ;  however? evir79nc2 cf con- 
fidence in the t e s t  is good. About h d f  w a y  t h r o r a  the program: the em- 
t a e r  decided t o  use the  eddy current t e s t  i n  l i eu  cf the origina,lly 
specified hydrostatic proof t e s t ;  bowever, contractual problems need t o  
be resolved befgre this cost s a v l q  s tep can be effected. 

Advice was given 

AIJ. t e s t s  have been mnpleted on 

The first 

C q l e t e  analyses of results are not yet available, pend- 

F-Reactm Opexation w a s  ass is ted on an emergency basis %c evalutte a 
horizontal contrQl r d  replacement. 
t G  establ ish posi t lvely whether the  rod w a s  a half-rod or  a f'cU rod. 

A radlogrsphie examfnatfon vas nade 

Tests were made fo r  two bid acceptance evaluations fo r  Process Design 
Operation, IPD. The samples imclved were sta in less s t e e l  cjlain weld 
specimens9 atad stdidless steel swage lock camector f f t t k g s .  Btegr i ty  
of the  welds and effectiveness of the seals  were determined by micrc 
poi.ishLng, et chin& and photographing the  specuaens ., 

The re su l t s  e? t e s t s  performed for  Fm) en twc problems may b r e  potent ia l  
for production applicatfoI;, 
elements were cracking when formed ints shape. 
r e l i a b a  detect and evalaate the severity of the cracks. 
w a s  t r i e d  with good results; however3 the Frezise alignment ?f each c l i p  
needed t 3  accurately measure the depth zf the cracks precluded prodwzion 
apFlication. 

me1 element support c l ips  fcx I&E f i e 1  
A t e s t  w a s  needed to 

Radiography 

A fluorescent penetrant t e s t  w a s  also t r i e d  although the 
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c&st,am- -lmi p rev imxq  t r i e s  it with unsatisfactory res-dts .  
t m z -  was maic t c  elaborase on the controls EecessaPy for  a successfld. t e s t  
inel-&.-ng chaice of penetrant, penetrant timep emulsification t h e j  wasliingJ 
as& read- cut 
shown t o  >e usefLi for t.his pmblem. A cladding problem. on enriched uran- 
im fie1 elemenZ~ with 2% cladding was attacked by autcr&ographY. 
Tf standards cf h a m  w a l l  thickness, opthum film. selection, ami  cctomatic 
fila prpcessing yielded resu l t s  of consistent uniformity with good de ta i l  
€ I F S ~ ! A T ~ O ~  cf eladaisg variations appeared t G  be greater than the Zustomer 
c c ~ l d  achle-?re w i t h  ultrasonic methods 

A YEW zltrasordc rail. flaw detectcr purchased by the  Track Maintenance 
@ e r a t 2 x  cf CE%UC w a s  checked out, a se t  of standards fabricated, a& 
ms+Imctlms prepared for the proper use of the imtnrment. 

L2trason.x tes t ing  work afmed a t  finding a method fo r  in-service aonitoring 
of the primary loop piping of lppR continuedo Evaluation of ultrasonfc 
resClts cn fatigue specimens w a s  completed. The- resu l t s  indicated-, a 
pcsisive correiafUioz with discontinuity location and size;  f o w f n g  of 
the- secazu5 t;em dce t o  Fipe curvature; observation of discontinuity 
srgpo;rchcr; azd ohse rva t i a  of surface crack formation. 
male frm a piece of NPR piping w a s  cycl ical ly  t e s t e& t o  f a i lu re  at Sarith- 
west Research Inst i tEte .  
indicate6 abmre as i .x occinred at a location or1 the iongitud- weld seam 
wnere we had fcxzd strong ultrasonic indications of discontinuities.  

Calibration of a c c e l e r m t e r s  f o r  measuring vibration of PRTR reactor tubes 
ami F i g i w  was completed. 

and may have beer cmued by vibration table  error .  
cf irs~A,a~ed mutug materials were evaluated. 
a mGdrt,s f o r  the accelermeters were fabricated. 
needed f o r  t h e  vibration t e s t ing  i s  

A daons t ra -  

Wi+,h proper controls, the fluorescent penetrant methai w a s  

Use 

A pressure vessel 

lpne f a i lu re  pat tern substantiated tine f fndbge  

Two tri-axial accelermeters showed q l i t u d e  
' discr5pm:ier between axes which were of a greater magnitude than desired 

Samples of v a r i o u s  types 
Linen phenolic was selected 

All of the eqpipent  
re&. 

Arialog GO~Qst~er Faci l iTy Operation 

The m j o r  prot?lems considered during the month were: 

Io ReaeCucr Transfer Fu3action Studieso 
2. PRF Cri t ica l  Faci l i ty .  
3 .  Ell3 Nuclear Excursioc. Studies. 
4. 0p.cimLzatioE Techiques 

F s h e r  s t w  was made cf the simulation of the cylindrical  heat t ransfer  
Frsbier reported iE S y ~ t e m  Research Memorandum 62-25. Tne Mtial asalysis 
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of the runs made indicated tha t  at a distance of 200 feet  the temperature 
has dropped t o  abwt one percent of the  temperature of the first nodep and 
0d.y 10 nodes are necessary fo r  this part icular  simulation. 
rum w i l l  be evaluated as soon as time permits e 

Resclts of 

A program f o r  the same problem w a s  written f o r  the IBM 7090 ccanputer. 
The resu l t s  were not in agreement with the  analog simulation resu l t s .  
Analysis shared sane di f f icu l ty  arising fran an appraximation. 
l a t ion  w a s  done and a rewriting of the problem w i l l  be attanpted duriag 
next month. 

The parts f o r  a special  noise amplifier t o  be used m the  t e s t ing  of 
computer-tube cathode condition were received ear ly  this month ad. the  
emplifier w a s  constructed and checked aut. 
conditions f o r  tes t ing ,  tubes which f a i l ed  in  the analog camputers were 
secured and measured. Out of 62 tubes (type EAX?) which failed on the 
EASE cmputer, the  noise t e s t  picked 50 as faul ty ,  
for  19 of these fau l ty  tubes no obvious trouble could be found (except 
that they did not work i n  the computer), the  noise t e s t  shws a g o d  p3ten- 
c,ial* 

A reformu- 

In order t o  s e t  up qerating 

If? one considers that 

Eighty-eight percent of the  GEDA equipment. and dnety-f ive percent o f  tne 
EASE eqc.Qmelzt was i n  good operating condition during the  month. 
ut i i fza%ion w a s  as follows: . 

Camputer 

GEDA 

155 
25 
0 
0 

180 

- 

- 

EASE - 
155 Hours Up 
25 Hours Scheduled Downtime 

0 H a m s  Unschedtiled Downtime - 0 Hours Idle 

180 H W S  T O t * a l  

Instrument Evaluation 

Thirteen Model I1 Scintrans of 65 total fabricated cff-s i te  i n  Seattie have 
beep cmplefJely tes ted  and ready f o r  roiitine f ie ld  LSO. 
maia*enance, all. MoOei I1 Scintrans w i l l  be s e ~ r k d  ir, the  Pcrcable Instr;- 
ment s)20po 

To fac i l i t a te  

All w i r i n g  e r r x s  and incorrect parts were wr rec t e3  or, t w J  on-site fabri- 
cated sc in t i l l a t ion ,  t ransis tor ized alpha hand couaters. All t e s t s  have 
been cmpleted and the instruments are r e d y  f o r  f i e ld  m e o  
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of " ~ - p o n  Cote" were excellent, and the  process w i l l  be used on a l l  
f'uture hand monftoring sc in t i l l a t i on  probes e 
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CHEMICAL RESEARCH AND DEVELOPMENT OPERATION 

RESEARCH AND BNGIIEERIIJG 

PISSIONABLE MAmRIAIS - 02 PROCRAM 

IRRADIATION PROCBSSBS 

Reactor Effluent Water Radioisotope Studies 

Deionized water has been passed through a new tube containing new 
fue l  elements i n  KB reactor, and Ga-72 concentrations i n  the 
eff luent  from this tube have been compared with Ce-72 concent;rrs- 
t ions i n  the effluent from a control tube u t i l i z ing  high alum feed 
water. 
than twice that from the control tube, indicating that ttze source 
of Ga-72 i n  reactor effluent water is impurities i n  the aluminm, 
and that  Ga-72 determinations i n  eff luent  water might be used t o  
measwe corrosion rates i n  new aluminum. 

In order t o  ver i fy  that isotope reductions noted from s i i i c e t e  
additions were due t o  added s i l i c a t e  and not to the higher pH of 
the silicate-containing water, a sodium hydroxide addition i s  
beizlg made t o  a tube i n  KB reactor a t  pH 7.00, re la t ive  t o  6 . a  
fo r  the  control tube. 
water w a s  also 0.40 uni ts  higher than the control tube. After aine 
days of addition, Na-24 and m-56 a c t i v i t i e s  i n  the  %est tube 
were increased by factors  of about 0.5 and 0.6, respectively, bct  
AS-76 and Cu-64 a c t i v i t i e s  were essent ia l ly  ucchanged. P;r t h i s  
sodium hydroxide addition the effects ,  i f  any, oc lip-239, Cr-5iq 
P-32 and 212-65 ac t iv i t i e s  are also being determined. 
sodium hydroxide addition a t  p H  7.50 re la t ive  to  6.60 f o r  tke 
con3rol tube is  scheduled f o r  September. 

The Ga-72 concentration i n  the deionized water w a s  more 

The pH of the previously sdded si l icate  

A second 

Ground vater Temperature Studies 

Ground water temperatures changed only s l i gh t ly  in the regicln 
between and encompassing the 1 0 0 - H  and 100-D Areas. 
r iver  water was detected moving inland t o  t h i s  r e g i a  during she 
recent high r iver  stage. 
1 0 0 - D  Areas there is  a sector, approximately t w o  square mi’es ie 
extent, i n  which the ground water temperatures f luctuate  frorr 
two t o  f ive  degrees centigrade over a six-month perlod. I n  vlev 
of the f a c t  that no r iver  water can be detected m v h 3  l c t o  $his 
general region t o  cause such changes, it i s  grobaEr that “,he 

No cold 

In a region j u s t  south of the 130-E w d  
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fluctuatiocs are brought about by changes i n  the air  temperature 
fro= season tc season. A temperature lag of six months might be 
expected where the depth t o  the water table fs between 20 end 30 
feex as it is i n  this  region. 

Treatment of NPR Decontamination Wastes 

Labora3ory experiments were conducted w i t h  dibasic anm;onium c i t r a t e  
wasze containing the complexing agent triethanolamine at 85 C, the 
waste temperature a f te r  collection i n  the NPR waste treatment tank. 
Previous experiments, a t  25 C, indicated adequate scavenging of 
eo-& and other radionuclides could be obtained by adding ferrous 
s u l f a t e  t o  a Fe+2 concentration of 400 ppm fcllowing by sodium 
hydrcxide addition to  pE Ue 
improved a t  the higher temperature. 
Co-60 w a s  removed a t  85 C between pli 10.5 and 12.5 in contrast  t o  
only 80 percent removal a t  25 c in  E s l i gh t ly  narrower p~ zone. 
These results indicate that 400 ppm Pe+2 is  not only an ample 
concentration f o r  treatment of t h i s  waste, but even less iron 
might provide adequate scavenging. 
does not appesP t o  be as c r i t i c a l  as w a s  indicated at  the lower 
temperatures. 
between 12.0 and 12.5 would insure the waste remaining above pH 
11 despite the reduction i n  pH l eve l  noted after maintaining the 
temperature at  85 C! beyond a f e w  days. 

Scavenging of CO-60 was greatly 
More than 99 percent of the 

Control of the NaOH addition 

Addition of sodium hydroxide to  an i n i t i a l  pH 

Characteristics of IVPR Decontamination Wastes 

Laboratory research was ahed at solving problems associated with 
the collection and ground disposal of KPR d e c o n t a n a t i o n  wastes. 
The scavenged c i t r a t e  waste supernate w a s  readily transm3tted by 
so i l  8% a rate 87 percent that of water. 
pluggiog w a s  indiested. 

No evidence of soil 

Waste frothing, a problem encounhYered during mixing, was controlled 
i n  both the c i t r a t e  and mult.(-step wastes by the addition of a 
sil icone antifoam agent t o  109 ppm. A t  this  concentration the 
e f fec t  of antifoam agent on s o i l  permeability negligible. 

The reaction which occur6 between alkaline permanganate and 
peroxide bearing carbonate solutions evolves oxygen with a poten- 
tial f o r  excessive pressure hi the waste collecting tanks. Under 
sirnLLated conditions spontaneous decomposition of the hydrogen 
peroxide occurred at 50 C! and was v i r tua l ly  complete at the end of 
two hours. Ca3culatfons based on these resul ts  indicated that 
pressures l i ke ly  t o  be encountered i n  
8~ a result of t h i s  reaction w i l l  not 

the waste collecting tanks 
exceed one psi .  
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Calculations based on estimates of the radionuclide concentration 
in waste sludge indicate that  excessive self-heating of %he waste 
by radioactive decay w i l l  not occur. 

Bfficiency of Charcoal. in Reactor Confinement Halogen Traps 

Further examination of charcoal samples from reactor confinement 
iodine traps showed molecular iodine retention of greater than 
99 percent. Previously unexposed charcoal and samples supported 
in the  reactor ventilation exhaust since completion of the con- 
finement project were compared. 
efficiency were found. The presence of &sorbed 1-131 on the 
charcoal sample from one reactor indicated that  iodine i n  the 
105 Building vent i la t ion system w a s  being collected on the 
chsrcod  . 

No s ign i f i cmt  differences i n  

SElPARATIOBS PROCBSSBS 

Iodine Removal. Processes 

Aerosols were generated and introduced into sir atmosphere con- 
taining 1-131 t o  determine whether the iodine could be condensed 
on the par t iculates  end be filterable. An attendant purpose w a s  
to  determine whether charcoal would adsorb iodine unaer these 
conditions. 
e f f fc ien t ly  removed i n  a charcoal t rap.  Aerosol fomed from 
sparking copper in air appeared t o  associate with the iodine 
since a charcoal t r ap  did not re ta in  the iodine present. 
sten.smoke increased iodine retention on membrane f l l ters from 
3 percent t o  13 percent. 

Iodine i n  an atmosphere of f ine  water droplets w a s  

Tung- 

Electrochemistry of Plutonium in Molten Chloride S a l ?  Sclu3ions 

Studies of the electrochemistry of the e lec t ro ly t ic  rcdxt io l ;  of 
PuCL3 to  plutonium m e t a l  i n  molten chloride salt  solutions are 
well under way. In one ser ies  of experiments, using a moltea 
plutonium cathode and a m e l t  comprised of PuC13 i n  55, m/o KCI - 
45 m/o BaC12> a second s a l t  phase was found a t  the ecd of  +,he 
electrolysis .  Th i s  second phase, which contained most of the  
plutonium, appeared to  be a compound of piutcnium in 8 lower 
oxidation s ta te .  Prom preliminary analyt ical  data, the compoud 
could have the composition 28aCl2-3puCl2. In twc otker r m s  
&e under nearly the same conditions (a  horizontal tmgsten 
sheet cathode i n  place of plutonium) but carried out f o r  longer 
times, the melt appeared t o  be completely depleted of aq-y 
plutonium compound. Again, no massive plutonium m e t a i  deposit was 
formed, but o n l y  t iny  nodules dispersed in a t h i n ,  ‘cltxk-eclcred 
layer  j u s t  above the surface of the cathode. 
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-ex Process Studies 

Efforts t o  characterize and determine the source of water impurities 
ir, t,he Purex uranium second cycle system have been continued. 
methmol extract  of %he material retained by the glass fiber w a t e r  
f l l t e r s  w a s  evaporated t o  dryness and extracted w i t h  ether. 
r e s d . t A g  extract  w a s  evaporated to  dryness, yielding a sol id  which 
analyzed 47.1 percent C,  8.23 percent H, 4.69 percent 8 ,  1.90 per- 
cent S, and 1.50 percent ash. The mabrial not extracted by ether 
analyzed 45.3 percent C ,  7.4 percent H, 1.6 percent Bp 0-trace S, 
and 7.61 percent ash. 
high, approaching for ty  percent in each case. Chlorine control 
(analysis forthcoming) i s  expected, therefore, t o  be appreciable 

A 

The 

The amaunt of sample unaccounted f o r  i s  

Characteristic t e s t s  have shown the f i l ter  material +a contain 
organic aniines, carboxylic acids, and hydrocarbon "greases." The 
large pieces of inorganic appearing nsterial found on the f i l t e r  
probably come from the alumbum storage tanks; the precipi ta tes  
building up as a result of fluctuating pH in the systems. Solid 
par t ic les  from the water f i l t e r s  contafned, by emission spectro- 
scopic analysis, > 1 percent S i ;  0.1 - 1 percent Al and Pe; 0.01 - 
1 percent E!, C r ,  Cu, Mg and Xi; - 0.01 percent Mn and Ag; and 
C 0.01 percent Ti .  

Analyses of residues obtained from cation exchanger inf luent  and 
effluent,  anion exchanger effluent,  and f i l t e r  eff luent  s h o w  the 
f ollowing : 

1. The cation exchangers are removing much but not all of the 
mt.s3iie impurities 

2. The aciaz exchanger i s  quite  ineffective; both chloride and 
sulfate  are ioucd in the effluent.  

3. Lox anion exchanger efficiency is confirmed by the low pH (C 5) 
which i s  mas-ned ir. the eff luent  after nitrogen spargieg the C02. 

Rsaztfon of these various water samples with pellprsmgamte indicated 
the d d i t i o n  of oxidizable material upon passage through the cation 
erchasger and, t o  a lesser extent, through the anion exchmger. 
(This suggests the poss ib i l i ty  of adding KMnO4 as a w a t e r  treatment 
sge3t. 1 
The evidence t o  date tends t o  the conclusion that the ion exchange 
resins are  responsible f o r  some of the organic matter feud on the 
f F 1 t e r s .  
trshgeier ratefi is unknown. 

Whether these alone are responsible f o r  the e f f ec t  on 



Diether Studies 

Approximately 100 grams each of 1,4 diethoxybutane and 1,5 direethoxy- 
pentane have been prepared. 
type process applications. 

These materials w i l l  be tested i n  Redox 

Denitration of Purer 1WW With Pormaldehyae 

Poamfng, a s y q t o m  of the plant unit ,  w a s  produced in the p i l o t  
plant unit by the addition of 0.4 gram of DBP per liter of NW., 
The amount of foam was found t o  increase es pot temperature and 
formaldehyde addition rates were increased. 
and flow rates, the foam height reached a maximum of over six 
feet above the pot overflow - 14 inches into the tower packing. 
Under similar conditions the addition of 0.2 grams ger liter of 
s i l icone aatifoam reduced the foam l eve l  two-fold. 

A t  high temperatures 

An equilibrium run made to determine n i t r i c  acid destruction and 
formaldehyde u t i l i za t ion  indicated that two t o  three percent of the 
i n i t i a l  formaldehyde escaped to the product without reaction and 
that about 2.6 Pdoles of n i t r a t e  were destroyed per mole of formal- 
dehyde fed. 

Resin Stress  Measurements 

Measurements were made of radial and ve r t i ca l  s t resses  in  a bed 
of 20-50 mesh g l a s s  beads moving co-currently and counter-currentLy 
to f lu id .  Results f o r  the rsdial s t r e s s  w e r e  similar to resin 
beds except f o r  a region extending about 1.7 bed diameters .up f'rcn? 
the support screen. 
par t ic les  w a s  suff ic ient  to markedly reduce the radial s t r e s s  due 
t o  the constraining e f fec t  of the support screen. Beyond t h i s  
point the radial  s t r e s s  followed the force-balance relationship 
cloaely. 
compared with a range of 0.7 t o  1 .2  f o r  various sized resin 
par t ic les .  

In  this region the Internal f r i c t i o n  of the 

The r a t i o  o? radial-to-vertical  s t r e s s  w a s  about 1.5 SB 

In-Tank Solidif icat ion 

A document, EW-74371, summarizing laboratory studies t o  date on 
In-tank concentration of coating removal waste w a s  issued t h i s  
month. 

I n  previous studies, solutions simulating "old" coating removal 
wastes were used. Because of process changes, "current" coating 
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remx-ai was't;es have is s:gnificantly differens ccmposition. 
N&H,/KL retic me tke sodium Eitrate concertratioL are bower i n  the 

wastes were sbJdied. 
frm current w u t e  thaw. froa old waste before a concentrate which 
w i l l  sol idify eonpletely a t  room temperature or  above i s  produced. 
CmeeLtrstion fsz.tors necessary to produce resfduep which would 
sol idify eompketely on cooling were i r e  the rwgc  7-8 f o r  the 
current w a s t e  compared to about 4.5 f o r  the old  wastes. 

The 

en  rent .% m s t e ,  Concentration character is t ics  of simulated current 
Considerably more water  must be removed 

The coating waste supernate remaining after t he  last pilot plant 
simulated sol idif icat ion rua has been so l id i f ied  by the addition 
of &out 65 percent by weight of aodfuol bicarbonate, Reaction i s  
r q i d  an& complete at temperatures ranging from ambient to 105 C. 
Calcined p las te r  of pari& w a s  e lso  effective i n  solidifying the 
same type of supernate. 
Eetting action required &bout three minutes to be complete and 
when 33 percent by w e i g h t  was employed about three hours yere 
reqcirec?. 
pleted. 
t i c &  manner. 

When 50 percent by weigkt w a s  used, the 

Analysis f o r  amou~t of f ree  caustic has notbeec. com- 
Solctioas o? laboratory sodium hydroxide behaved i n  iden- 

Ultrasonic DeDth Soundina of Waste Storam Tanke 

A 2JO-kiLocycLe t ransis tor ized depth sounder W a E  tested i n  an 
exper-ntal tank containing simulated Furex 2Ll-A waste super- 
nate Ensrd sludge. 
make it mscitable f o r  the  proposed appl lcatfm.  Pfrs t , the trans- 
d t t e d  guise width was found to be two milliseeonds; this 
r s l s t i ve ly  long pulse time results i n  the reflected pulse from "he 
top of t&e sludge layer  blot t ing out  the reflected pulse from the 
tank bottom. Alao, the instrument has a minhum range of 0 t o  120 
fee t ,  which neaas it wciupt! be operating oaly over a narrow fract ion 
of "Ye chart  reading. A 60-kilocycle i n s t m e c t  is now being 
procured w%ch is ex-pec+&d to be more eLdspttbb3e t o  the Wls of 
dete=zzZnfr;ig elcdge depth and bottom contours of waste storage 
tanks 0 

!he  depth. sounder had two major faults which 

Cksfran! Removal fron Pomaldehvde-Tres$ed Waste 

Results of a el inoptf lolf te  coluaa experiment with zkcon im-  
1zic5fum traced FTW inhfeste that zirconium is only s l i gh t ly  sorbed 
by the daeral  while most of the aiobiun! is sorbed even beyond 
cesiuzn breakthrough. 
L3 l e e s  than three c c l m  voimes and > 90 percent of Cne sorbed 
oi3bi.u =a so6Pa1~ i n  seven column uolumee. 

A 0.5 M oxalic acid wash remves the zirconium 
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Column studies with Linde AW-400 inorganic ion exchanger indicate 
that 250 column voluples of pllw (130 gal / t  U) brought t o  pH 3.5 
w i t h  l i t h i u m  hydroxide and c i t r i c  acid could be processed to two 
percent cesi=zn breakthrough and 350 colunn volumes t o  50 percent 
'breakthrough. 
size was 20-50 mesh. With the same exchanger and ;B 1:1 dilut ion 
of synthetic Purer neutralized supernatant waste, 90 c o l m  
volumes were passed t o  50 percent breakthrough. 
hdicate both greater se lec t iv i ty  and be t t e r  kinetics f o r  AU-4OC 
+&an for c l inopt i lo l i te .  Bomver9 the synthetic exchanger is  
not stable in 0.5 M n i t r i c  o r  oxalic acids. 
s teps  f o r  u8e w i t h - t h i s  material are being studied. 

Flow ra te  was f ive  column volms/hoUr and par t ic le  

These resulfs 

Alternate flow sheet 

Strontium Packaging 

Engineering scale experimental studies on the loadiag of stron- 
t i u m  on 1/16-inch pe l l e t s  of L i ~ d e  4A were continued. 
rate of 1.5  gpm/cu.ft. a 50 percent b r e a k t h r c w  was reached 
8fbr 10 columi volumes were processed a t  ambient temperature. 
Reduction of the feed rate t o  0.4 gpm/cu.ft. allowed about 25 
column volumes t o  be processed t o  the same breakthrough. 
p i l o t  plant  data indicated tha t  the Linde 4A loading kinet-c 4 s i n  
the par t ic le  diffusion region of strontium concentration (> 0.05 - H Sr++) are very slow a t  ambient tempera5ure an2 f o r  t h i s  par t ic le  
dime ter 

At a feed 

These 

LaboraSory experiments were conducted to  evaluate the e f i e c t  of 
par t ic le  s ize  and temperature on the loading rate of strontium 
Froduct solution. 
strontium breakthrough a t  9 columc volunes w a s  ok+&izied w i t h  
1/16-inch pe l l e t s  of Linde 4A, confirming %he pLl~+, plmt &%a. 
A column experimeat with the same feed but w i t h  3e4 - 0.7 mm 
Linde 4A confirmed e a r l i e r  laboratory data w i t h  a steep curve 
ar?d 50 percent breakthrough at 3 l  column voz'mes. Increasing 
tibe temperature from 29 C t o  65 C with the l/l6-4ach peUe-ts 
increased the slope of the curre somewhat a d  e v e  a 50 perc-2nz 
breakthrough volute of 17 c o l u  volunes, Srlzce L ~ E B ~  &A l e  
commercislly available in grain sizes  down to 50 mesh, klzet l?  
prcblems do not agpeesr t o  be serious. 

A f l a t  breakthrough curve reacxng 50 percent 

TRAI'ISURANIC BLBMBITL'AND PISSION PRODUCT RBCOVBR'Y 

Innroved Purex Head-End Strontium Phvsheet  

Two hot-cell  runs were completed during the Eont5 t o  tes% %he 
peroxide process (which employs peroxide-tamrate e o q l e x h g  50 
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hold rare  ewths  i n  solution during strontium sulfate  precipi ta t ion)  
Perfcmmce with ful l - level  l W W  was disappointing, compere6 t o  
txce r - i eve l  experiments w i t h  synthetic so1u';ions. Whereas tracer 
runs had given 95 percent stroztium recovery and a decontamination 
factor of about 5 from cerium, only 75 percent strontium recovery 
and a DF of 2 from e e r i u  and promethium w a s  observed i6 the f i rs t  
run. The precipitate w a s  a l s o  more voluminous tbac IZOW, imply- 
iEg that son? of' the iron precipitated. Hyiroxylamine was added 
il; the secon3 run t o  minimize radiation-induced oxidation o? the  
complexazt (produced by action of peroxide on tar t ra te ) .  Ninety 
parcent of the strontium w a s  recovered ssd the precipitate was not 
vckminms; hDwever, the IW f ron cerium and pronae%hium was still 
OILY 2. Suppor%ing tracer-level laboratory studies suggest t ha t  
more sat isfactory performace shoulc? be obtained a t  higher pE 
( 3  .,rice 2) and perhaps at lower temperature ( 2 5 O  C vice 50" C ) .  
Additfood hot-cell  runs WILL be d e  in the near future to test  
these variables 

Precipitation Recovery of Cesiun from Purex Tank F a m  Supmates 

AMitional hot-cell. m s  were carried out t o  optbrdze conditions 
f o r  an early p l a t  test  of the nickel ferrocyanide process for  
precipitation of cesium frm Purex tank farm supernate ( in  behalf 
of Emford Waste bagemen t ) .  
P-esiu precipitation (98 percent) w a s  quite sat isfactory bJt 
mt,erie.l ba.lazce5 were unsatisfactory, due t o  mechanical handling 
c b m e t e r f s t i c s  of the cesium precipitate,  much of which w a s  l e f t  
'In the feed +,ads or centrifuge. 
w i l l  be a protlem i n  the p i m t  equipment (the feed tmk is equipped 
w i ~ b  an ggitstor ~d the centrifuge w i t h  high pressure sprays), 
-am m s  were made w i t h  a "dissolvable f i l ter  aid" t o  increase 
%Le bulk and improve the slurrying character is t ics  of the precip- 
I t a t e .  CCeium n i t r a t e  w a s  added t o  the feed. 
c ip i ta ted  d o n g  with the ferrocymides (probably a edcium 
carhozmts), Subsequer; addition of acid to the centrifuge 
dissolved the calcium and e f f i c fec t ly  slurriec? the cea'Ium preeipf- 
tats from the centrifuge bml. WOP 90 percen", overall  cesium 
recovery (through the f i n &  metathesis operation) was obtained, 
w i t h  the bshmce left in the feed tank, centrifuge, l ines ,  etc.  
Decon"&nation factor  from sodim and potassium w a s  about 100 
and from --u'Sidiurc &but 5 .  

In earlier hot c e u  m.s, degree of 

Although it is u d i k e l y  that this 

The calcium pre- 

Sucrcse Treate5 Waste (SW) 

B~CEUEE of the d i f f i cu l t i e s  wtich have attended the u8e of formal- 
5ielzyCs t r ea te r ' ,  in the Purex p l ~ t ,  cther orgacic compounds have 

, 



been tested as reagents fo r  the destruction of excess n i t r i c  acid. 
Several (notably c i t r i c ,  o x d i c ,  and t a r t a r i c  acids) are effective 
In the presence of radiation. Sugar (sucrose) reacted with the 
n i t r i c  acid in  synthetic 1 W W  a t  an appreciable r a t e  even i n  the 
absence of radiation. 
reaction is  catalyzed t o  some extent (two-fold acceleration) Dy 
the salts (probably iron) present i n  IWW and that the rate i s  
atrongly temperature dependent. Unlike the formaldehyde-nitric 
acid reaction, the sucrose reaction does not appear t o  be 
s igeif icant ly  exothermic or t o  have an induction period. 
reaction i s  eas i ly  controlled by choice of temperature, even 
when all of the sugar i s  added at the beginning of the experiment 
(which would not normally be done, except by accident) 
to  twenty moles of n i t r i c  acid a re  destroyed per mole of sugar 
consumed, which makes the cost  of sugar a d  formaldehyde approxi- 
lnetely competitive. 
reaction is  borne out i n  large-scale tests, 12 should be possible 
to "kill" n i t r i c  acid i n  any conveniently sized p l m t  ttxck which 
is equipped with a reagent addition l i n e  and a heating COS. 
aeflux column i s  not required, and l i t t l e  o r  no benefit was 
observed when one w a s  used, at  l e a s t  in sma;hl-scale equipment. 

Laboratory experiments show that the 

me 

Fifteen 

If the inherent safety of the ~ u c r o s e  

A 

In addition to the laboratory experiments with synthetic solutf3ns, 
hot-cell experiments were run with half t o  one-litey q u t i t f e s  of 
fu l l - leve l  plant 1WW.  
the sugar was added initially and the solution quickly brought 
t o  a boi l .  Bvolution of oxides of  nitrogen (NO2) was fr;ftiCLy 
vigorous, but controllable, end there was l i t t l e  or  ac tendercy 
t o  foam. The n i t r a t e  concentration w a s  reduced froin 5.3 M t o  
1.06 M i n  2-1/2 hours. 
obse6ed i n  m y  of the experiments. 

To simulate a worst possible case, all ci 

No precipitates,  tars, c r  chars wgre 

Composition of the off  -gases evolved (presumably NO2 wd CO?) 
and ident i ty  and concentration of organic compounds ( i f  any) lsfs 
i n  the solution are being determined. On the basis  of the data 
thus far obtained, larger-scale cold tes t ing appears varrm-ied0 

Radlol~bic  G a s  Bvolu+,ion from 1 W W  

At the request of Purex Technology, the ra te  of gas evolu-zisri fron: 
8 200-gallon cask of centrifuged -ex 1WW (obtaf2e6 f o r  A-C2.li 
calclner studies) was measured and the composition of the gar! 
analyzed. A null point manomtric method w a s  emplcyeci. Ave-mge 
r a t e  was 610 cc/hr, which i s  equivalent to  0.15 c: per wet;% hour. 
This may be compared t o  values in  the range 0.5 to i.2 ce per w a t t  
hour observed scme time ago f o r  casks containing strontium snd/cr 
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cerim-promethium feed solutions. 
difference i s  not hown. 
1WW cask was :  
cent N20, BO, NO2; 0.1 percent A; and 0.1 percent 02.  

Plutoniurr Recovery from 234-5 Oxslste Supemates-Resin S t s b i l i t y  Studies 

An anion-exchange flowsheet fo r  recovering plutociUE from oxalate 
supernates was reported in the ,Tune monthly progress report  (Hw-74153 C). 
An extended t e s t  has now Seen completed which confirns that the 
n i t r i c  acid s t a b i l i t y  of the recommended resin (Permutit SK) is 
more than adequate for th i s  application. 
acid was circulated continuously for seven weeks through-s bed of 
3G t o  50 E E E ~  resin (converted t o  the n i t r a t e  cycle w i t h  0.6 M BN03 
t o  minimize bead cracking) 
the plutonium capac'ty of the resin w a s  measured under carefully 
standardized conditions and found t o  be 64 gram per liter, only 
s l igh t ly  lower t;Lzan the naaximrun observed capacity of fresh res in  
(72 t c  75 grams of plutonium per l i t e r ) *  
damage i n  the resin except IPB amber t o  orange color change of some 
10-20 percent of the beads. 
tbt, i n  a plant REac l i n e  application, the resin l i f e  w i l l  be 
I W t e d  b,v factors  assoeiated w i t h  alpha radiolysis and n i t r i t e  
s t tack.  These factors  would be no more detr imentd in 10 M 
nitric.  acid than i n  7 M, - f o r  which tkere &re m y  years ci-plant 
experience. 

Reason f o r  the o r d e r - o f - w i t u d e  
Composition of the gae evolved from the 

43 percent C02; 43 percent If2; 10 perceI;t N2j 7 per- 

Hot (58 C >  10 M n i t r i c  

Following t h i s  prolonged exposurg, 

There w a s  no observable 

This experiment c lear ly  indicates 

Recovery of Pu and Np from Purex Plant 1 W W  

Plutocium in Purex plant 1W fs i n  the te t ravalent  s t a t e  while 
neptmium present is lergely Np(V). 
h m a z i n e  &,ad allowed t o  stand f o r  30 minutes a t  room temperh.re, 
r Q ( V )  was reduced t o  Np(IV). On contact of t h i s  solution with an 
equal volume of 0.04 M D2EHPA - 0.02 M TBP - Soltrol, 98 percent 
of the plutorzim and over 99 percent Gf the neptunium were extracted. 
A t  ht2 squeotls-to-orgaic r a t i o  of ffve, stcl\rt9O percent of the 
plutonim and neptxnim were extrac ted Loading' of the solvent 
with i ne r t  zirsoniun: is thought t o  account fo r  the reduced extrac- 
ffon of plu%onium end neptunium at the higher A h .  
contzroinats i n  the extracted plut~niun:  and neptunium were Zr-Nb-95 
ru=d iron; some americium w a s  present. Zirconium-niobium decon- 
tamination factor  w a s  CS. four a t  an a/v of" one, and eight a t  an 
A/%- of f ive.  Additionyf EDTA t o  the 1 W W  before extraction im-  
proved zirconium decontamination only sligh.ICly. Over 97 percent 
of the neptunium and plutozlium and most of the Zr-Nb-95 and i ron 
presen% were stripped on ccntact of the orgacic vi'ih an equal 

When 1WW w a s  made 0.02 M i n  

The principal 

1 2 5 0 8 0 0  



e -11 

volume of 0.25 M oxalic acid. 
with an equal V&IW of 2.8 - M ReOH removed the remaining Np, Pu, 
Zr-m-95 and iron. 

Contact of the stripped organic 

Recovery of Sr-90 and Rare Earths  from Purex FTW 

Batch contact and mini-mixer-settler runs were d e  t o  t e s t  cer-ln 
portions of a solvent extraction flowsheet f o r  removal of Sr-90 
and rare earths from Purex IW'waste. 
studies w a 8  1965 PPW made 0.19 N in c i t r i c  acid and adjusted t o  
pE 4.3. 
D-A - TBP - Sol t ro l  solvent changed only slightpy as the feed 
solution was allowed t o  stand at room temperature f o r  periods up 
t o  24 hours before extraction contacts. 
europium extraction decrerrned merkedly w i t h  time before extraction 
indicating alower ooqlexbg of there elements w i t h  c i t r a t e .  Por 
the extraction of rare e m s ,  operation of the extraction columra 
a t  60 C instead of 25 C appears advantageous due t o  the reLativeiy 
slow attalrunant of  equilibrium extraction by the rare earths a t  
25 C. 
residence time in a plant scale colunm) Etfs for cerium and 
europium a t  60 C were 22 and 65 times those a t  25 Co respectively. 
Distribution values fo r  iron, chromium and strontium a t  60 C were 
ouly four times higher, not e igni i icant ly  changed, and about two- 
fold lower, respectively. 

Feed fo r  extraction c o l m  

Distribution of iron(IzI), Cerium(II1) end strontium into 

Chromium(II1) sad 

Tor a three-minute contact time (estimated ae approximate 

In  mixer-settler runs sirmulatiag the c column (rare eazth stripping),  
99, 94 and 1.5  percent of the cerium, europium and iron present 
were removed w i t h  2,O M EN0 a8 the s t r i p  solution at  BD. A/v of 
ca. 0.1. 
par t i t ion and stripping) was not aifected by eliminating T W  from 
t h e  organic. Preliminary data indicate tha t  0.5 pi oxalic acid  I s  
a satisfactory meh f o r  C Colunnr organic f o  remv; residual iron 
and recondition the  solvent f o r  re-use I n  ~ u 1  A column. 

The behavior-of cdrium in A, B and C c o l m s  (ex$raction, 

Pulse Colunm Performance - DPA-NB System 

The use of dlpicrylamine (DPA) diasoLved in a i t rcbazene  (NB) to 
extract cesium from a synthetic Purex waste S U p 8 m S t e  801UtAOn 
was successiully demonetrated i n  a nine-foot-high, three-inch- 
diemater w e e  column. Cesium waste losses aa low as 0.8 percent 
were obtained with 0.02 W DPA, yielding HTU'e i n  the range ob 
1.6 to  1.9 feet. Voluma-velocd,tier as high LLB 630 gph/ht2 (rum 
of phases) were obtained, thou& the above optimum sf iciency 
was obscnred only at rates on the order of 480 @/it o r  less a 

d 
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The c e s i m  was readily stripped fram the solvent w i t h  0.5 M HWO . 
LE the nine-foot column at  volwne veloci t ies  of 370 and 780 
gph/ft2. 
acre  to  remve extracted sodium from the solvect. 
resdts indicate that sodium decontamination factors  of 100 o r  
mere are readily obtainable w i t h  a cesium loss (or reflux) of 
less thaa 2 percent. 
parable t o  the stripping column. 

W s e  C c L u m  Performance - DZEBPA System 

Volume veloci t ies  as high as TOO gph/ft2 seem t o  be assured i n  the 
1A colum whe3 processing solids-containing fee&. 
conium phosphate o r  sodium s i l i c a t e  added t o  the feed t o  simulate 
the sol ids  tha t  might be present in PIW (1965 Purex waste) 
lowered the maximum stable frequency by about 10 t o  20 percent. 
This re lat ively minor loss i n  s t a b i l i t y  could readily be recovered 
by adding about 50 ppm of a t a l c  t o  the feed and scrub streams. 
Clinopt i lol i te  f ines  added t o  the feed had no discernible adverse 
effect .  

Waste losses ef 0.6 percent o r  less (arV = 1.6 f t )  were obxaine a 
Sczybbing studies were a l s o  made, using 0.25 M c i t r i c  

Tentgtfve 

The capacity of the scrub columra was com- 

Either z i r -  

!Rx i nab i l i t y  t o  quantitatively scrub cerium rrom the solvent, 
as described last month, s t i l l  has not been resolved; however, 
several successive passes of the solvent fhrough the column e v e n t  
U; reduced the cerium. content t o  about 1 percent of the feed. 
Addition of 0.2 M oxalate o r  hydrogen peroxide t o  the 2 - M €lI'?03 . 
srrc3 seemed t o  liave l i t t l e  e f f ec t  on c e r i m  stripping. 

Cesium Recovery with Clinopt i lol i te  

Io p i l o t  plant studies i n  support of the clinopOiloiite process 
f o r  recovering cesium, a simulated "A" fanu supernate! dliuted 
w i t h  an equal volume of w a t e r  was pumped downflow a t  room terrqera- 
ture t h r o w  c l inop t i lo l i t e  i n  
plexiglass column a t  45 gph/ft2. 
cesium and was traced w i t h  cesium-134. 
of which is not yet clear,  remained suspended i n  the water eolution 
even d t e r  di lut ion of the simulated supernate to fornithe experi- 
mental feed. As a result the pressure drop i n  the upper par t  of 
the bed reszhed a maximum of about 0.2 ps i  per foot, whereas the 
m a x h u m  drop In the lower p r t  of the bed was 0.1 ps i  per foot. 
Tke solids r e t d n e d  in the bed were readily remved by t h e  upflow 
weter n s h  in preparation f o r  elution. The absorption cycle was 
e h m e t e r i z o d  by m 8lmOs.t constant miclmum cesium Loss of about 
1.5 percent. Five percent 3redsthrough occurred ~t 6bouCU 17 bed 
v o l m s  ami 50 percent Sreakthrough was reached after about 30 

46-inch-long by 4-beh-diameter 

A f ine  solid, the-nature 
This feed w a s  5 x M in 
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Elution of the cesium (more than 95 percent) w a s  done In less 
than ll bed volumes with a combination of 1 B ammonia and 3 IV 
ammonium carbonate at  55 C and ppmped upflow-at about 90 gph7ft2. 
The aqueous ammonia was added t o  suppress gassing. 
cesium removal occurred after a throughput of two bed volwmes. 

The maximum 

A water-nitric acid pretreatment of the c l inop t i lo l i t e  as received 
reduced i t s  volume by about 20 percent, owing mainly to  dissolution 
of the occluded material. 
ceeded swoth ly .  
the column from a blow case with 20 p i g  air  pressure. 
readily removed from the coluran by water f luidizat ion.  

Loading and unloading the column pro- 
The mineral in w a t e r  was readily transported t o  

It was 

Product Porms 

Improved estimates were made of thermal conditions i n  containers 
of zeol i te  loaded with Cs-137. 
the amount of ganrms decay energy that escapes the container 
without contributing heat. 
were calculated f o r  containers of 8-, lo-, 12-, 16-, and 20-inch 
diameters, a t  cesium loadings or one, two and three milliequivalents 
per gram of zeolite.  
gamma leakage i n  a container loaded t o  two milliequivalents cesium 
per gram pennits increasing the diameter from 10.3 t o  l2,S inches 
with no increase i n  centerline temperature. 
w i l l  be issued as document HW-74712. 

The estimates take into account 

Centerline and surface temperatures 

Typical results show that correction for 

The complete study 

Several types of solder w e r e  tested as possible bonding agents 
f o r  the synthetic zeol i tes  currently considered as f I d L  product 
forms f o r  cesium and strontium. Bone w a s  found which would wet 
the zeol i tes  even with vigorous mixing when the solder w a s  molten. 
Purther exploration of the formetion of glassy sol ids  by fusion 
of the zeol i tes  with a flux containing Si02, B 0 and LFP was doce. 
Several compositions were fauad which containeg 30 w e i g h t  percent 
of the zeol i te  and which f o m d  t rue  melts at  or below 800 C and 
glass-like solids on cooling. 

Remte Welding 

Pressure tests were run on four, 5-inch-dismeter, closure w e l d  
samples with the following results: 

1. The weld ruptured at 3000 ps i  a t  room temperature 

2. The weld f a i l e d  aiter a hundred cycles from 0 t o  200C ps i  a t  
room temperature 
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3. The weld failed a t  2000 ps i  a t  300 C 

4, O f  the three container samples that were made w i t h  a V groove 
weld jo in t  at one end and a raised f lush  face weld jo in t  on 
+,he otber end, all the ssmples failed i n  the raised f lush 
face joint .  

-ex Concentrator De-Bntraimnt 

Demnstration of the effectiveness of Purex sectionalized concen- 
tratcr chevron baffles f o r  de-entrainment of large l iqu id  drops 
from a gas stream has been completed i n  a scaled-down baffle corn- 
prtmerzt. A t  a gas velocity of 35 f t /sec through the s lo t s  (15 
perzerzt greater velocity than expected i n  plant use) the actual 
enC,rainmerrt that passed the baffles was  0.15 ml of l iqu id  per 
10CO eu.it.  of gas, 
Tire a s h  separator should not be excessive. 

Thus, mist loading of the final de-entrainment 

Corrosion i n  224-U Building Off-Cas Scrubber 

A faired scrubber which treated off-gas from the 224-U Building 
rson5inucus scrubbers w a s  examined. Pailure occurred i n  the area 
shove the water inlet. 
occurred. 
the scrubber was constructed of corrosion-passed 304-L material. 
No explanation fo r  the apparent severity of attack, ca. 5 mils/mo, 
iS yet  evident, 
gage material. 

Uniform intergranular corrosion attack had 
Huey tests on portions of the base metal indicated 

Replacement uui ts  were fabricated f z m  heavier 

StrEse Creekirag of Mild Stee l  

m e  Large ( 3  it. x 3 it. x 3/8 in.)  welded t e s t  plates described 
lest month w e r e  removed from the test solutions f o r  exmination 
after about three weeks’ exposure. NO cracking was evident In  
m y  of the samples. 
AddLtional welded t e s t  specimens (10 x 12 x 3/6 in.  ) are being 
prepwed from pla te  that hes been cold worked by ro l l ing  on an 
L8-iach dime ter 

They were returned f o r  Wtkr exposure. 

BienChg Coctrol System 

A controi problem requiring accurate blending of a concentrated 
s c f d  strem with oxalate supernate i n  a 234-5 Building plutonium 
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recovery process was solved with an a u a n a t i c  r a t i o  control system. 
The use of r a t i o  control is required because the supernate flow- 
rate is dependent on a tank w e i g h t  factor control and hence is an 
uncontrolled variable. 
demonstrated in the laboratory, and sent t o  the Chemical Processing 
Department f o r  ins ta l la t ion  i n  the plant. The system is comprised 
of a rotameter with a flow recorder-transmitter, another rotameter 
with a r a t i o  controller,  and a manuel-remote set point s ta t ion.  
The rotameter-flow recorder-transmitter provides a signal proport icnd 
to  the supernate flow rate. Thfs signal, in combination w i t h  a 
mechanically-set ra t io ,  determines the set point of the r a t i o  con- 
t r o l l e r  which controls the acid flow. 

An instrumentation system was devised, 

Neutron Monitoring Instrunaenation 

The gradient control system for  the new Plutonium Reclamation 
Pacility requires a direct ionsl ly  sensit ive neutron monitor to  
detect s m a l l  changes in plutonium concentration in a column, when 
a nearby column contains a higher concentration of plutonium. 
shield consisting of six inches of paraif in  and 20 mils of cadmium 
wa8 found to reduce neutrons from a Pu-Be source by a factor  of 
ten. A mock-up of the PRV columns has been set up t o  determine 
the actual count rates from plutonium solutions i n  t h e  columns. 
Laboratory tests were also performed on t ransis tor ized neutron 
counting instruments. 
during the short-term tests. Higher r e l i a b i l i t y  of t ransis tor ized 
instruments, as compared w i t h  vacuum tube instruments, is expected 
but the present tests were of insuff ic ient  duration to confirm th i s  
advantage. Some d i f f i c u l t i e s  w i t h  noise pick-up were experienced, 
but th i s  problem was overcome by locating the charge-sensitive pre- 
amp close t o  the detector ( w i t h i n  two or three feet) .  
plans are t o  incorgorate these so l id  state devices in to  the Gradient 
Control Y y s t e m  f o r  the F?RF. 

A 

The equipment performed sa t i s f ac to r i ly  

Present 

Boiling Point Monitor 

A boiling point measuring device for the Redox dissolver under- 
went extensive laboratory testing using water and salt soh t ions .  
Repeatability of the instrunentation system is now within 0.15 C; 
however, discrepancies as high as 0.7 C h8Ve been noted between 
nreasured and calculated boiling points of salt  solutions of 
various concentrations. Investigation is  underway t o  determine 
the cause of the discrepancy, which may be due t o  8 superheating 
e f f ec t  or t o  a change in thermohm response. 
ins ta l la t ion ,  it is expected tfiat a calibration method can be worked 
out t o  reduce the er ror  t o  an acceptable level ;  the objective is to 
measure boiling points within an er ror  of 0.5 C or l ess .  

In the proposed plant 
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C-C~J;UE Test Facility 

Ir recezt  run^ 5% was observed that +tihe inherent s-tistfcsk fluetu- 
atioas in the colun;e flowrcites and 1CX acid concentration influence 
the uraniuii prof i le  in the c o l u u ~ .  For t h i s  reasoz, a new experi- 
m n t a l  procedure has beer devised: The c o l m  i s  brought t o  a 
"steady state" condrtion and maintained there fo r  about two hours. 
For three additions; hours, the data logger is operated a t  maximum 
speed (0.8 minutes per scan) with the mid-column photometer i n  
the i C U  l i n e  and the s p l i t  beam instrument i n  the l C W  l i ne .  
addition, periodic samples a re  taken of the 1CW and l c z Z  f o r  absorp- 
+,tometer ~ ~ n a l : i s i s .  
has been &ne previously. 

In 

The mid-column profi le  is then determined as 

The large amuef of data collected during the second period w f u  
give v e r y  good estimates of the overall  column perfornsnce, column 
e tab i l i ty ,  and the correlation exis t ing between the stream var- 
ia%les, i n  addition t o  the prof i le  data. 

Sa l t  CmAe Process 

Precipitation Techniques f o r  Plutonium Isols t ion - Prototype equip- 
meat hw been assembled for  the study of the handling of simulated 
Pu02 precipitates in  a fused salt medium. 
immediately upon formation, means have been provided f o r  the 
rem- of the precipi ta te  from the bottom of the precipitation 
vessel. 
the bottoz of the induction furnace in to  a separately controlled 

Since We settles 

The vessel has an open quartz tube extending through 

heating zoue 
the vessel. 
s a l t  t o  pass 
isciat,ion 

Two t e s t s  of 

thus producing a 
Melting the s a t  
through a quartz 

the freeze valve 

freeze valve, sealing the bottom of 
plug in the tube allows the molten 
frit filter f o r  precipi ta te  

have been completed. The first 
t e s t  was successful in that the frozen plug-was established ana 
melted, draining the pot, The second t e s t  resulted i n  breakage 
of the quartz tube during melting of the frozen plug. Hopefully, 
breakage can be prevented by adjusting proceCures, i.e.,  using 
re la t ive ly  dry sdt and maintaining the freeze zone at an elevated 
temperature of about 300 Cr. 
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Effect of Impurities on UOg Quality - A series of salt  cycle UOg 
deposition runs i s  in progress t o  determine the e f fec t  of corrosion 
ana f i ss ion  products on the U02 deposited. 
60 w/o K C 1  - 40 w/o LiC1. A l l  runs were of about 200 hours’ duration; 
initial and f i n a l  U 0 2  content of the melt was about 25 and 10 percent, 
respectively. The UO was deposited a t  a potential  of about 0.6 
vol ts  vs. an Ag/AgC1 s e c t r o d e .  The e f fec t  of one weight percent iron 
Impurity was t o  decrease current efficiency and UO 
Product UOg contained about 100 pppl iron, had 811 OYU r a t i o  of 2.004 
and had a density near theoret ical  f o r  UOg. 100 adverse e f fec t  w a s  
noted when the m e l t  conteined one weight percent of nickel or 0.42 
weight percent of samarium. 
the melt, U02 density was only 88 percent of theoret ical .  
resistance was increased three-fold but current efficiency was 
reduced by only about10 percent. 
melts contsmineted with zirconium and niobium. 
vations indicate dissolution of UO i n  these melts i s  d i f f i cu l t .  

Electrochemistry of Uranium in Molten Chloride S a l t  Solutions - EMF’ 
measurements f o r  the c e l l  reaction 

have been made in the LiC1-NaC1 system, as a function of temperature 
and uranyl(V1) concentration. Thermodynamic values for the reaction 
a t  943 K were calculated, the results showing the same trends as 
were found f o r  this reaction i n  the KCl-NaCl system a t  993 K (see 
monthly progress report  for April, HW-73514 C ) .  
increase from 0.035 to 0.725 molal uranyl(VI), the f r ee  energy 
change (AF, kcal/mole) for the reaction was found t o  increase from 
-25.3 t o  -18.6; the entropy change (AS, entropy un i t s )  increased 
from 3.2 to 9.8; and the heat of reaction (AH, kcal/mole) changed 
from -22.2 t o  -9.3. 
K C l - l a C l  m e l t ,  it is seen tha t  the f ree  energy change f o r  the 
reaction i s  more posit ive and, therefore, the ac t iv i ty  coefficient 

because of lower chloride act ivi ty ,  in  L f C l - H a C l  than i n  the 
K C l - N a C l  m e l t .  

Sa l t  solution used w a s  

crys ta l  size.  

With 0.2 weight percent aluminum i n  
Cell  

Current runs are being made with 
Preliminazy obser- 

3 

u02 + c12 - u02 Clg 

For a concentration 

Comparing these values w i t h  those f o r  the 

is larger ,  In the LIC1-lac1 system. The data as a 
less complexing of the UO C12 by chloride ion, 

Pission Product Release During Sa l t  Cycle Reprocessing - An i n i t i a l  
t e s t  in a ser ies  of U02 oxidation measurements was d e .  Tqe 
purpose of the tests is  t o  es tabl ish reaction time for future 
f i ss ion  product release studies related to  the salt cycle reprocess- 
ing of PRTR fue l  elements. Oxidation of a l/e-inch diameter by 
3/4-inch long U02 sintered, unclad cylinder was complete within 
two hours. 
atmosphere. 

The t e s t  was performed a t  about 570 C i n  an air 
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RAPIOACTIVB RESUPJE FIXATION 

A-Cell. Calciner Progran: 

Instal la t ion of the calciners and associated equipment i n  A-Cell 
of the H i g h  Level Radiochemistry Fac i l i ty  was completed during 
the month and shake down runs are i n  progress. Both a po-t-calciner 
rus and a spray-calciner run (the l a t t e r  w i t h  continuous m e l t  down) 
K i t h  a synthetic feed were performed successfully, a l l  operations 
beicg done remotely with the manipulators. A f e w  minor piping 
leaks and other equipment deficiencies which were disclosed by 
these runs have been corrected, and tracer-level runs (with a spike 
of actual 1 W W )  w i l l  follow immediately to test  efficiency of 
the off-gas system, samplers and analytical  methods. The first 
fu l l - leve l  spray caicinstion run w i l l  then be performed, probably 
during September. 

Analyses of the 1WW which was obtained f o r  the program shows it 
t o  be re la t ive ly  d i lu te  (92  ga l /bn ) .  
0.29 M Pe++', 0.24 M SO4=, 2.4 M E', 4.27 M NO3-, 1.3 M Ba', and 
0.11 E Al+++. Specrfic gravity-is about 1:2Oe The hi& sodium 
eontezt puts it i n  the non-melting area on the Shefcik diagran, 
ezd will require the addition of about 0.64 moles of sulfate per 
liter t o  assure a f l u i d  m e l t .  
on the solids associated with the 1 W W  (cf J a y  monthly progress 
report, EW-74522 C )  showed them t o  contain a large fract ion (one- 
th i rd )  of the zirconium-niobium but re la t ive ly  l i t t l e  of the 
other fission products o r  transuranics. However, strontium was 
more firmly held by the precipi ta te  than was yttrium, promethium 
or  cerium, about s i x  percent being associated with the solids and 
not removed by 8 simple water wash, an observation which may have 
adverse implications f o r  the Hanford Waste Management Program. 

Ionic composition is:  

Leaching and dissolution studies 

Since a question had been raised concerning the possible foaming 
character is t ics  of the plant waste and the effects  these d g h t  
have on operatior of the pot calciner, several experiments were 
perfo-med in B Cell  w i t h  the act- PWW which w i l l  be used BB 
feed. 
ated t o  varying degrees. No foaming was observed, even when 
evsporsation WES csrr ied w s t  to dryness (ten-fold volume 
reduction). On the basis of these observations, no foamin& 
pFoblen. is expected i n  the calciner. 

L i t e r  volumes of 1 W W  were boiled on a hot plate and evapor- 

As par t  of a pre-startup hazards study, the concentrations of 
iodine-131 which night be released t o  the 325 Building stack by 
msl-cperstion of the cslciDers w a s  calculatedo Due t o  the age 
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of the 1WW ( 2  200 days), the emount present i n  any run (most 
pessimistic basis)  is  less than one mill icur ie  (probably much 
less). Concentration i n  the stack gas would range from 10-3 
to 10-9 of M#: and be undetectable. 

Synthetic Zeolites 

Determination of equilibrium constants for  the s p t h e t i c  zeol i tes  
Linde 4AXW, Linde 13, Linde AW-300, Linde AW-400, Linde AW-500, 
Zeolon and c l inop t i lo l i t e  continued. 
equilibrium relationships were determined with the above zeol i tes  
included rubidium-cesium and hydrogen-strontium. 
the study of the e f fec t  on strontium or cesium loading of another 
a l k s l i  metal, alkaline ear th m e t a l ,  hydrogen or ammonium ion. 

Systems f o r  which the 

This completes 

BIOLOCY AND MBDICIBB - 06 PROGRAM 

IgRRBSTRIAL ECOLOGY - URTE SCmCBS 

Hydrology and Geology 

Adaptation of the computer program f o r  f i t t i n g  multiple-dimensional 
equations to tabular data i s  essent ia l ly  completed. 
has surface f i t t i n g  application i n  describing the basalt con- 
figuration beneath the project and in obtaining an analyt ical  
expression f o r  the ground w a t e r  potential  over the project with 
measurements made in the irregiLarly-spaced w e l l s .  
are essent ia l  f o r  the permeability determinations needed for 
construction of the ground water e lec t r i ca l  analog. 

The program 

These data 

Methodology was studied for  the ground water analog model and 
associated imput and readout systems. 
w e r e  tentat ively selected. The proposed system, which w i l l  con- 
sist of r e s i s to r  networks mounted on c i r cu i t  boards, a r a t io  
d i g i t a l  voltmeter fo r  readout, and associated scanner and switch- 
gear, is being exanbed by Instrument Research and Development 
Operation personnel f o r  optimization of design. 

Techniques and equipment 

A number of w e l l s  were resurveyed t o  determine if  t h e i r  actual 
f i e l d  positions were the same as those reported at  the time the 
w e l l s  were drilled. The results show that three wells dr i l led 
pr ior  to 1950 were off about 100 feet and one w a s  off 800 feet 
from previously reported positions. 
w e r e  off from 20 to 50 feet .  
water analog model, it is  desirable to  know the location of 
project w e l l s  t o  within 100 feet of t he i r  t rue location. 

Wells dr i l l ed  after 1950 
Por the construction of the ground 

It 
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appears necessary, therefore, t o  resurvey a number of other wells 
(maximum of 16)  d r i l l ed  during the period 1947-1950. 

Three samples of volcanic ash received from the Oregon State  
Sureau of Mines were reported to  contain 95 - 97 percent clinop- 
t i l o l i t e .  
it is  higher in c l inopt i lo l i te  content than that obtained from 
Nevada but no t  as high as the samples from Hector, California. 
The cesium exchange capacity of the samples i s  being determined. 

X-ray diffract ion patterns of this  ash indicate that 

Two wells completed by the Heden Dri l l ing Company, one north of the 
300 Area and one south of it, encountered ar tes ian water immediately 
above the basalt i n  a sand end gravel bed. The ar tes ian heads, 
compared t o  those i n  three similar w e l l s  recently completed i n  
RfcUand and West Richland, and nine older w e l l s  i n  the vicini ty ,  
c lear ly  indicate a southeestward gradient in that aquifer. 
possibi l i ty  tha t  the source of recharge m y  be the 200 B a s t  Area 
ground water mound i s  being evaluated through the use of geologic 
and ground water temperature data. 

The 

A!I!MOSPHERIC RADIOACTIVITY ARD PIIl;LouT 

Environmental Studies 

Preliminary meaeuremnts of plutonium i n  lung and lymph node 
t issues  have been completed f o r  s teers  from the Riverview, Kahlotus 
and Wapato areas. The results indicate tha t  COlUmbiS R i v e r  
water i s  probably not a s ignif icant  plutonium source insofar as 
insoluble plutonium species contribute to the radiation dose 
received f o r  all sources by Riverview ca t t l e .  Por lung t issues  
the plutonium concentrations w e r e  generally s 1 x 10-3 DPM per 
gram of Riverview bronchial nodes, 8 i 6 x 10-3 DPM per gram of 
Riverview mediastinal nodes, 9 2 7 x 10-3 DPM per gram of Wapato 
bronchial nodes, and c 1 x 10-3 DPM per gram of WapEtO and 
Kahlotus mediastinal nodes. These concentrations are comparable 
t o  those fo r  f a l lou t  plutonium reported from the HASP studies, 
and represent less than about 0.25 percent of the MPC f o r  ingestion 
of these t issues  by the general population. 

Fallout Studies 

Measurements of a sample of caribou meat fromAlaska indicate a 
~s-134/~s-137 r a t i o  of about 0.01. 
t h i s  i s  comparable t o  the r a t io  of 0.016 determined by Swedish 
investigators f o r  reindeer me t i n  March, 196l. 

Allowing f o r  radioactive decay, 

The low f i ss ion  
yield of Cs-134 (< 1 .4  x 10-5 % ) and seemingly wide dis t r ibut ion of 

1 
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this isotope ( f r o m  Sweden -J Alaska) suggest th-t the or igin of 
Cs-134 in fa l lou t  is not explained simply by the Windscale 
accident, 88 has been postulated by others. 

Columbia River Sediments 

A sediment sample taken from the McNary Dam reservoir on 5/16/62 
has been fractionated by seiving and sedimentation techniques, and 
the dis t r ibut ions of Co-60, Sc-46, Zn-65 and Zr-95 have been 
determined f o r  the various fractions.  Generally, specific activ- 
i t i es  of these isotopes increased w i t h  decreasing par t ic le  size 
in the fractions,  but the Increase is not l inear ly  related tc the 
increase i n  surface area of the part ic les .  CO-60 behaves d i f fe r -  
ent ly  in that a higher specific ac t iv i ty  is noted f o r  the coarse 
fraction, decreasing and then increasing again w i t h  decreased 
par t ic le  s ize  below 38 microns. 
to the presence of organic material in the coarse frac+,ion. 

This behavior i s  possibly related 

RAD10IsoToPBs As PAFmcIBs Am VOLATlLBS 

Par t ic le  Denosition in Conduits 

A computer program was written t o  calculate tube wall deposition 
f o r  a dis t r ibut ion of par t ic le  s izes  passing through a ve r t i ca l  
conduit. 
accurate comparisons of experimental data w i t h  theoret ical  equations 
and derived empirical relations.  A correction waa introduced for 
velocity change w i t h  position i n  the tube due t o  pressure d i f fe r -  
ences which had.not previously been taken into account. 
to 8 1/2-inch diameter tube, 60 f e e t  long, and with the previously 
developed correlation function, the computer program predicted 
total deposition of from 85 t o  120 percent of t ha t  determined 
experimental1 . With the turbulence theory equations of PrieUacder 

t o  113 percent of that measured. Although experimental errors  could 
account for either positive or  negative discrepancies of themawl-  
tude indicated, it is worthwhile noting tha t  a prediction greater 
than 100 percent should be expected w i  h the  turbulence theory. 
This i s  so because the ine r t i a  term, d p (a  =diameter, p = densi5;y 
of the pa r t i c l e ) ,  fo r  actual par t ic les  is generally less than for 

The v e r s a t i l i t y  of the program permitted rapid and 

Applied 

and Johnstone 1 the computation predic-ced a deposition of from 100 

8 

1 Priedlander, S.K. and H.P. Johnstme, "Deposition of Suspended 
Part ic les  from Turbulent Gas Streams", Ind. Bng. Chem. 
49: Pt. 2, 1151. July 1957. 
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the assumed spherical particles. 
to decrease the mgnitude of the predicted deposition. 
program will be of considerable value in planning and evaluating 
forthcoming deposition experiments. 

A lower inertia term would tend 
The computer 

Menager 
Chemical Research and Development 

I 
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A .  

B e  

BIOLCGY OPTRATION 

ORGANIZATION AND PTEOTJNEL 

Dr. F. Po Hungate returned from a one-year leave of absence t o  assume 
the posit ion of Ilanager, Plant Nutrition and Microbiology. 

During the  month five sc i en t i s t s  from Biology attended the  Second 
International Congress f o r  Radiation Research i n  Harrogate, England, 
where four  of them presented papers. The Congress w a s  well attended 
by representatives of most nations and laboratories,  
contingent f e l t  the t r i p  of great  value, no outstanding contribution 
t o  understanding radiat ion effects was apparent. 

Six young blond miniature swine were sent t o  Hammersmith Hospital i n  
London, England, fo r  use i n  s tudies  on neutron radiat ion of skin, 

Although our 

Total f i r e  loss ,  due t o  the July 29 f i r e  i n  the  plant growth chamber 
laboratory is now estimated t o  be $27,000. 
i s  $~,900, 
necessary t o  replace one climatizer un i t  completely. Tizis unit i n i t i a l l y  
cost  $2,030, however, the  replacement cost  w i l l  be about $12,000. 
increase i n  cost  i s  due i n  par t  t o  advanced design and i n  pa r t  t o  rise i n  
cost  (labor and material). 

Restoration of the room 
Loss due to ,  damaged equipment and materials i s  $lO,OOO. It i s  

This 

A l l  l o s s  values are based upon f i rs t  cost  figures. 

TEEHJ'JICAL ACTIVITIES 

FISSIONABLE MATERIALS - 02 PEKX;RAM 

Effect of  Reactor Effluent on Aquatic Organisms 

After young chinook salmon were reared i n  eff luent  water f o r  t h r e e  months 
(April-June) the f i sh  were tes ted f o r  swimming pwfomance i n  the  hydraulic 
flume, 
11 f i s h  per group were tested. beliminary analysis of the data showed no 
s t a t i s t i c a l  difference i n  performance times within similar s i ze  groups due 
t o  3 o r  5 per cent effluent,  
an improvement with trials, 
f i rs t  and second t r i a l  f o r  eight groups each from 0, 3 ,  and 5 per cent 
eff luent  w a s  0,608 (22 d.f.), which i s  s ignif icant  a t  t he  0,Ol level.  

The swimming tests are completed and a t o t a l  of  58 groups with 

Regardless of treatment all groups showed 
The correlation coefficient between t h e  

The second monitoring test  of 1962 was i n i t i a t e d  a t  100-K i n  
young rainbow trout .  The t e s t  is  scheduled t o  be terminated 
o r  November . 
Columnaris 

August with 
i n  e i the r  October 

Kscellaneous small f i s h  collected from sites on the  Yakima. Beaver House, 
and 100-H slough were free of columnaris, 
McNary were a l s o  negative. 
squawfish from the  Richland site. 

Adult f i s h  frcm Ringold and 
Columnaris was'found on the g i l l s  of one adul t  

UNCLASSIFIED 
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Trout. and salmon from troughs a t  l46-F’R and 100-KE were posit ive f o r  columnaris, 
66 t o  8 1  per cent of dead f i s h  w e r e  infected. 

BIOLOGY AND X E D I C I N E  - 06 PF13GRAM 

?*ETABOLISX, TOXICITY,  AND TRAXSF’ER OF RADIOACTIVE MATERIALS 

Columbia River Limnology 

Plankton counts of samples collected a t  Vantage and near Hanford were ini t ia ted.  
%ring mid-winter Asterionella and Tabellaria were the dominant diatoms, followed 
by Fragillaria,  Synedra and Gomphonema. 

Nitrates i n  the r ivpr  nearly doubled since mid-July, sodium concentrations 
decreased and other elements measured,remained f a i r ly  constant. 

Phosphorus 

The cichl ids  being maintained on a daily PJ2 diet since January 1962 s ta r ted  
spawning i n  August. 
P32/g food) and one pa i r  from the controls are under observation, 
the number of spawners are s t i l l  f e w  i n  number, among the spawners there i s  no 
indication of radiation damage. Estimates of t h e  average concentration of P32 
i n  the  f i sh  after seven months of isotope feeding are 0.052 pc/g f i sh ,  0.15 pc/g 
f i sh ,  and 0.40 pc/g f i s h  f o r  low (0.25)1c/g food), medium (1.0 pc/g food), and 
high (4 .O pc/g foo-d) treatment groups, respectively. 

Zinc 

The dis t r ibut ion of Zn4S expressed per g of w e t  t i s sue  i n  rainbow t rout  a week 
after a single o r a l  administration of 9 p c  showed the a c t i v i t y  i n  organs o r  
t i s sue  i n  the  following descending order of magnitude: g i l l  filament, spleen, 
kidney, bone, li*.rer, eye, blood and muscle. The relatively high ac t iv i ty  i n  the 
g i l l  filaments (52 nc/g) i s  a t t r ibu ted  t o  the  high carbonic anhydrase activity 
o f  t h i s  t issue.  

Spawns from three pa i rs  of the low treatment group ( 0 . 0 ~ ~ ~  
Although 

- 

In  contrast  t o  the g i l l s ,  the  muscle was  only 1.9 nc/g. 

Strontium 

Fe59 plasma clearance and erythrocyte uptake and Cr5’-ta 

swine. 
t h e  various animals. 
25 and 1 2 5 ~ ~  SrSO/day animals than i n  controls, but did not reach as high levels. 
Most control animals reached m a x i m u m  uptakes of-80 per cent of t h e  injected dose 
by seven days post-injection, a t  which time the Sr90 fed animals had values of 
-70 per cent, which they had at ta ined by f ive days post-injection. 
time of Crsl-tagged erythrocytes was sDj5ificantly less  i n  the  125 flc SrSO/day 
animals than i n  the  control o r  25pc  SrSO/day animals. 
per cent of the Cr51-tagged eSythrocfles still remained i n  the Control and 
2 S p C  srw/daY animals, whereas only 5-5 per cent remained i n  the  1 2 5 p c  S$O/day 
animals. 

ed erythrocyte 
survival were determined i n  control and 25 and 1 2 5 p  Sr $6 /day fed miniature 

No apparent differences w e r e  observed i n  the  Fe59 plasma clearance of 
Fe59 uptake by erythrocytes was  somewhat more rapid i n  

The sur,vival 

A t  16 days 70 t o  80 

A marked reduction i n  the per  cent of tagged cel ls  remaining i n  the j ’  
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125 pc/day animals was noted i n  the f i rs t  few days post-injection, perhaps 
indicating that a portion of the cells labeled had a very short  surivial time. 
(These studies wi l l  be repeated using additional animals a t  the 125pc  SrS0/day 
level,) 
day with bone marrow dose rates being s l igh t ly  less. 

Plasma i ron  determinations have been made on a number of animals for possible 
correlation with the radioiron studies. Considerable var ia t ion i n  values was 
observed between animals within a group and i n  the same animal on repeated 
determinations. 

These animals have a radiation dose rate t o  the bone of-20 rads per 

Platelet determinations were made on a large number of a n W s  and it appears 
t ha t  a n M s  on the 25 pc Sr90 per day level have values approximately two- 
th i rds  of the  controls. A more marked reduction i s  evident i n  1 2 5 p c  per day 
animals . 
Ruthenium 

Plasma and @lk concentraticns of Ru106 were followed f o r  

concentrations were observed i n  the milk a t  7 t o  11 hours,post-injection, 
a t  which time they were only about 1 per c n t  of the plasma concentration. 
Of ten radionuclides studied t o  date, Rulox has shown the leas t  a f f i n i t y  f o r  
movement from plasma t o  milk. 

en days i n  t h r e e  lac ta t ing  ewes following a single intravenous dose of Rule k nit rate .  Peak 

Iodine . 

An 1131 feeding study was i n i t i a t e d  i n  three da i ly  cows and three sheep. 
The study is designed t o  simulate a single  contamination event on fo-e 
i n  that the animals are being fed 113I-labeled feed twice daily, each feed 
sample being spiked on day one with 5 pc per sample, 

Peak thyroidal 1131 concentrations i n  the three cows occurred after one 
week and remained f a i r ly  constant during the second week with about 5s per cent 
of the first day's dose ( l o p )  detected i n  the t h p i d .  
concentrations occurred on the fourth day pas badministration with about 
0.k per cent of the i n i t i a l  administered dose obselmed per l i t e r  of milk. 
Peak t h p i d  concentrations i n  the rams were observed after about eight days 
and approximated 200 per cent of the f i r s t  day's dose. 

Peak milk 

Neptunium 

Fat t  

post-injection. 
following table: 

i n f i l t r a t i o n  of rat l i v e r  from the inject ion of as l i t t l e  as 6 mg/kg 
Np23 s is  so  dramatic as t o  be grossly recognizable as ear ly  as six hours 

Liver l i p i d  content as a function of time i s  expressed i n  the  
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P n r  Cent of Dry Liver Weight Composed of  Lipids - 
Hcurs after inject ion Np Treated Control 

0 l0-1gJ 10-15g 

48 45% 

72 54% 

This response i s  similar t o  t h a t  of cer ta in  lanthanides, but i s  not 
necessarily a heavy metal syndrome since it i s  not e l i c i t e d  i n  the same 
degree by Pb. 

The l ip ids  a re  being fur ther  fractionated t o  see which are responsible 
f o r  the in f i l t r a t ion .  

I n  cooperation Kith CRQD, samples of urine and sera f r o m  Np-injected animals 
have been spectrophotometrically analyzed. V e r y  preliminary r e su l t s  suggest 
the existence of the I V  state i n  urine, but this requires confirmation. 

Plutonium 

When injected intraperi toneal ly  a t  a l eve l  of 1 p/rat ,  Pu238 and Pu239 are 
similarly dis t r ibuted within the  
h 2 3 9  is  more concentrated than h 2 3  
Concentrated than Pu238 i n  bone, 

-%en injected a t  a l eve l  of 15 pc/rat, 
i n  l iver ,  spleen, and kidneys, and less 

Since the metal precipitant,  8-hydroxyquinoline (S-OHQ), causes a short  
duration, diabetic condition i n  rats,  it may have access t o  si6es not 
v i s i t e d  by DTPA. 
only a f i f t h  tha t  of DTPA and both agents used together were about 2/3 as 
effect ive as M'PA alone. However, the 8-OHQ d id  cause increased fecal 
excretion t h a t  was twice the control l eve l  even on the  f i f t h  day s o  that 
the  idea of tying up the Pu as an insoluble material and elimination by 
phagocytosis o r  sequestration with a second agent should be tes ted further.  

However, i t s  effectiveness i n  promoting Pu excretion was  

Plutonium and X-Ray 

Plutonium-238 and Pu239 show equivalent acute tox ic i ty  when injected 
intraperi toneal ly  a t  a l eve l  of 6.5 pc/rat  
500 r whole-bo 

with 500 r whole-body X-ray. 
that the acute tox ic i ty  of h 2 3 9  when combined wi th  500 r whole-body X-ray 
i s  due t o  the alpha radiation damage and is not complicated by heavy m e t a l  
toxicity.  

i n  animals a l s o  exposed t o  
An amount of Np233 equivalent i n  weight t o  the  h 2 3 9  

dose (N100 pg not acutely t o a c  when administered i n  canbination 
These two findings indicate qui te  conclusively 
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Radioactive Particles 

The effectivene,ss of UTPA on the  removal of inhaled Celb402 i n  dogs was 
confirmed i n  additional studies. 
was retained with an effective half4ife of 90 t o  150 days, depending upon 

:;a:a&i? was decreased t o  about 8 days when DTPA w a s  administered 
Fmmediately after exposure, t o  10 days when treatments were started 5 days 
after exposure, t o  30 days when treatments were s ta r ted  9 days after 
exposure, and t o  36 days when treatments w e r e  started t w c  months a f t e r  
exposure. In all dogs being t reated t h e  e f fec t ive  ha l f - l i fe  gradually 
increased, but excretion of Cel4&-P&b three months a f t e r  exposure continues 
t o  be more rapid i n  the  treated animals than i n  the  controls, with one 
exception. 
drop of the  body burden of C e ~ P r l ~ ~  t o  less than 5 per cent of the amout 
in i t ia l ly  deposited. This was the optimum time f o r  troatment. However, 
further excretion i s  occurring a t  rates comparable t o  those observed i n  the  
untreated dogs. 
decontaminating an individual exposed t o  radioactive aerosols; tha t  thbre 
will always be a residual fraction. 

I n  untreated dogs the inhaled Celu-Pru 

rac te r i s t i c s  of the aerosol, The half- l i fe  f o r  retention of 

Treatment with DTPA immediately a f te r  exposure resulted i n  a rapid 

T h i s  suggests t h a t  w e  will never be successf'ul i n  completely 

Lung biochemistry studies were ini t ia ted.  
i s  extremely low, about 1 per cent of tha t  i n  liver. 

The protein content of lung t i s sues  

Thirty months after exposure two dogs on the long-term Pu23902 experiment 
are beginning t o  show increased respiratory rates, one of the  earliest 
signs of respiratory damage,. Another has a pers is tent  cough and a s l i g h t l y  
elevated respiratory rate , 

Preliminary data were obtained on 6 dog8 scheduled f o r  exposure t o  aerosols 
produced from 1 curie of C&L for acute tox ic i ty  studies.  

SPSS (sodium polystyrene sulfonate),  obtained from Dr. Kroll (Eltex 
Laboratories), was tes ted  as a therapy agent on rats exposed t o  Pu23902 and 
t o  others exposed t o  Pu239 n i t r a t e  aerosols. 
on the  clearance of inhaled Pu239. 

It appears t o  have no effect  

Three bitches i n  the  breeding colony will whelp within the next month. 
A temporary h a l t  i n  our breeding program has been in i t i a t ed  because of 
insufficient kennel fac i l i t i es .  
animals during fiscal  year 1964, The use of sawdust i n  the dog runs has 
been discontinued because of the dust and the high probabili ty of bringing 
i n  parasites and infectious agents, As a re su l t  the runs will be more 
offensive t o  Biclogy personnel and v i s i to r s  but we hope t o  overcome t h i s  
with use of deodorants, Pinatol and V-tergen. 
consists of 7 l  dogs on experiment, 8 available f o r  experiment, 45 puppies, 
and 21 dogs i n  the breeding colony - a t o t a l  of l& dogs. 

This w i l l  cause a shortage of  experimental 

The dog colony presently 
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Modfficaticn of Secondary Disease 

Some progress has been made i n  developing ana ly t ica l  procedures t o  test f o r  
circulating ant ibodes,  After three inject ions of mouse RBC t o  rats, the  
anti-mouse t i t e r s  reached a maximum of 10-5 i n  three weeks af ter  the l a s t  
in ject ion and declined t o  10-2 by the s ix th  week. 
t o o  specific since rats primed with LAF R B C ' s  agglutinate C3H RBC's a t  
comparable di lut ion t i ters .  
showing a madum t i t e r  of 10-3. 

The ra t  anti-sera i s  not 

Mice w e r e  not as sensitive t o  ra t  antigens, 

Cellular Studies 

Cichlid eggs were exposed t o  from 50 r t o  1,000 r X-rays i n  a series of tests 
t o  determine survival. A dose of 500 r resul ted i n  only a 30 per cent hatch. 
Dosages above 500 r were 100 per cent l e t h a l  t o  the  egqs within five days. 
The LDSo as determined by t h e  a b i l i t y  of the  eggs t o  hatch i s  approximately 
lr75 re 

Young cichl ids  ( three days after hatch) were exposed t o  from 500 r t o  20 kr 
X-ray i n  a series of tests t o  deternine survival of t he  f i sh ,  
3 k r  and higher were 100 per cent l e t h a l  within 7 days. 
of approximately 2,25 k r  was observed, 
old cichl ids  was  observed following X-irradiation of the  f i sh .  
response occurred when f i s h  w e r e  externally exposed t o  Cs137. 
t h a t  the f i s h  were avoiding the radiation, 
It i s  not known whether the f i s h  were ac tua l ly  reacting t o  t h e  radiation 
o r  t o  possible chemical changes produced i n  the water &ring irradiation. 
Fish placed immediately i n t o  X-irradiated water showed no apparent effect. 

Previously we have shown that D20 strongly inh ib i t s  respirat ion and glycolysis. 
Data indicate tha t  these e f fec ts  are linked with %O inhibi t ion of glucose 
and phosphate uptake. 
deuterated glucose i n  both D20 and H 2 0  systems with the  following results. 
I n  H20 uptake of deuterated glucose i s  only s l i gh t ly  less than controls 
(ordinary glucose i n  H20), and uptake of phosphate is unaffected, 
uptake of deuterioglucose and phosphate are inhibi ted t o  the  same extent as 
when ordinary glucose i n  D20 was used. Respiration (02 uptake) is, however 
inhibited 10 per cent i n  H20 and 50 per cent i n  D20 by deuterioglucose, 
The l a t - e r  inhibi t ion i s  similar t o  tha t  seen w i t h  ordinary glucose i n  %O. 
It appears then, t h a t  uptake e f fec ts  are a major cauae of respirat ion inhibi-  
tion. 

Dosages of 
A LDso - 7 days 

Hyperactivity of t h e  three-day 
An avoidance 

It appears 
Control f i s h  reacted normally. 

These s tudies  have now been extended t o  f u l l y  

In D20 

Plant Studies 

Increasing levels of f e r t i l i z e r  potassium did not increase K contents of 
plants gram i n  t h e  C s - K  plots. 
the stem values. No differences were found with respect t o  method of 
f e r t i l i z e r  application, i.e. surface or mixed treatnents,  Leaf/stem ra t io s  

Leaf contents were approximately ha l f  of 
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f o r  K were constant throughout treatment whereas the r a t i o s  f o r  Cs decreased 
with increasing levels of K applications. me immediate inference i s  tha t  K 
treatments reduced translocation, however, t h i s  seems unlikely i n  v i e w  of 
the K s t a tus  of  the plants. 

Plant Ecoo lo~  

Vegetational analyses conducted in sagebrush-cheatgrsss communities one 
year a f t e r  the area was burned by l a t e  summer p ra i r i e  f i re  showed tha t  the 
f i re  was deleterious t o  the  subsequent stand of winter annuals such as  
- Draba - verna and Phlox r a c i l l s .  
affected and the growth of 

Perennial grasses (Poa - secunda) were l i t t l e  -+ ssian t h i s t l e  w a s  favored by the burn. 

Mineral Cycling i n  Ecosystems 

Cesium-134 uptake from pond water by duckweed (Lemna) was ra i d  during the 
first day. During two weeks a f t e r  the first f e w  days of csl57 accumulation, 
the uptake sppeared t o  decrease with time. 

' 

Project Chariot 

More than 18'3 samples of plants, f i sh ,  birds and mammals were collected near 
Cape Thompson, Alaska, and shipped t o  the Hanford Laboratories f o r  radio- 
chemical analyses. 

Whole-body counting of Alaskan Eaklmos f o r  fa l lou t  radionuclides was 
completed, 
w e r e  a s  follow: 

The Cs137 body burdens in natives from different  ecological areas 

No. of nc ~ ~ 1 3 7  
people measured Average Maximum 

Li t t le  Diomede Island 17 27 55 

120 Point Hope 102 17 

Barrow 2% 52 170 

River People (Villages along Kobuk 49 I llro 310 
and Noatak River drainages) 

Kot zebue 150 l.40 52 0 

Anaktuvuk 53 420 790 

The low levels  f o r  the P o i n t  Hope and Diomete Island people a r e  a t t r ibutable  
t o  t h e i r  extensive usage of marine animals which are low i n  fa l lou t  radio- 
nuclides and t o  lack of  caribou t o  the Point Hope natives during the ,gummero 
The highest levels  of cS137 occurred among people who depended most upon 
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freshwater and terrestrial  organisms f o r  food, caribou and reindeer being 
the main source of the radionuclide. 
r e t u n e d  from attending schools where native foods were not available 
contained much lower levels  than natives who had permanently res ided  i n  
t h e i r  Arctic villages and hunting areaso 

Eskimo students who had recently 

Manager 

HA Kornbergies 

UNCUS SIFIED 
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C. Lectures 

a. Papers Presented a t  Society lileetings and Symposiums 

Second International Congress of Radiation %search, Harrogate, 
England, August 5-11, 1962: 

' Le K. Bustad and L. D. Carlson. Response of mice t o  prolonged 
low-oeveo gamma irradiation. 

S. Marks:land L. R. Bustad. Thyroid adenomas i n  sheep fed 
radioiodine. 

W9 R. 0. McClellan, Glenda Vogt, J. R. McKenney, N. Le Doc 
Effects of daily Sr W. J ,  Clarke, and L. K. Bustad. 

ingestion i n  miniature swine. 

M. F. Sullivan, S. Marks, and R. C. Thompson. 
i n  rats of chronic yttrium-PO ingestion. 

Delayed ef fec ts  

H. E. Ekdman. X-ray effects on single and mixed species populations of 
Triboliuh confusum and Tribolium castaneum (Coleoptera f 
Tens b r i o n i ' c  

1962 F a l l  Meeting of the American Society f o r  Pharmacology and 
Experimental Therapeutics, Vanderbilt , University, Nashville, 
Tennessee, August 27-30, 1962: 

E. G Tombropoulos. Treatments f o r  removal of inhaled CelUC)2 
from the lungs of rats and dogs, 

b. Off-Site and Local Seminars 

Le K. Bustad. August 3, 1962. Large animal radiation biolcgy a t  
Hanford. 
Letcombe Regis, England. 

Agricultural Research Council Radibbiological Laboratory, 

Hanford Seminar f o r  Science Teachers, August 30, 1962, Richland. 

J. E. Ballou. Small animal studies with in te rna l  emitters. 

D. D. Mahlum. Study of radiation a t  t h e  ce l lu la r  level. 

R. C. Thompson. Brief his tory of radiation biology and trends 
of research a t  knford.  

J. F. Park,  Radioactive aerosol studies, 

W. H. Rickard, Jro Fallout i n  re la t ion  t o  natural  landscapes. 

UNCLASSIFIED 
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Univsrsity of Washington Swmner I n s t i t u t e  i n  Radiat ion Biology, August 6-79 
1952, Richland; 

EO G. Tmbropoulos. 

R. T. O’Brien. Radiation efcects on ce l l  permeability. 

W. J. Clarke. 

Ne Lo Dockum. Autoradiography. 

Problems of par t ic le  inhalation. 

Biolcgical effgcts of 1’3’. 

1962 AEC Health Physics Fellowship Program, August 13, 1962, Richland: 

W. J,  Bair. Inhalation problems. 

co  Seminars (Biology) 

None 

de Miscellaneous 

None 

Do Publications 

a. Documents (HW) 

None 

b e  Open Literature 

Mc Kenney, J. R., R. 0. kCle l lan ,  and Lo KO Bustad. 1962. Early 
Health Physics 8, h’11. uptake and dosimetry of Zn6S i n  sheep. 
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AFT= m C S  OPERATION 
MOXEILY REPORT - AUGUST, 1962 

0mmIzATIm m PERSONmEL 

Effective Auguet 1, 1962, the 
Iiesesrch and Synthesis Operation to Applied Mathematics Operation. 

of the g r o q  was changed from Operations 

CPERATIOMS RESEARCH ACTIVITIES 

Ibe study of the 9i-City economic structure is gathering mamenbn. 
Census Buresu data hase arrived and aze being tabulated. 
are being made of W O  records. 
be canpleted by the end of September. 

Special 
Preliminary studies 

The definitional phase of the wmk should 

S'EATISTIW AND -CAL ACTIVITIES FOR 0- KAPO CQMPOI'ENTS 

Fuels Preparation Departmen t 

Meetings were held to discuss methods of modifying the present linear pr3- 
g m m h g  model of the FTD Production Forecasting Process. 
methods were devised which should al low the model considerably more freedm 
in balancing safe inventory levels, idle time, and added capacity require- 
ments. 

Alterna2ive 

Further nondestructive testiq was perfonkd on the uncharged fuel elements 
from multiple failure lot HZ-065, and on fuel elements sampled from eight 
"control" lots. 
characteristics which could have differentiated between the quality of this 
l e t  and that of nonrtrpture lots. 
effects of tester error in ssseseing the quality. 
secmd complete set of measurements were analyzed during the month. 

The purpose of this testing is to sCe if there are meagured 

Great care is being taken to remove the 
Measurement data frcm the 

Total count data for dingot fuel elements canned under canning canditions 
somewhat different from those w e d  f o r  ingot material were ccxnpared with 
similar dah for ingots. 
ing for the ingot fuel elements, only gross differences between ingot 
dingot fllel elements could have been detected. 

In view of large between-line differexes exist- 

Assistance was provided in the prepazation of certain fuels statistics for 
use i n  a forthcoming Metal Quality Working Committee Report. 
primarily in quantifying effects of "time" on total bond c m t ,  warp, and 
rupture experience. 

This cDnsisted 
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Data fzm t w 3  skni la r ly  conducted fuel elenwit pilot plant tests were aaalyzed. 
B- 3 n ~  ';est,p qirC-rm components were ;;tilized, while in the seond test, the 
c r n p m ~ s " , ~ .  we25 d m 5 e  cleaned. 
&zd eedw ba$h %emperature on fuel quality, 8 s  measured by the UE-1 a;zd UT-4 
feEterE,  were enluated. 

Ad3itimG. dak were collected to determfne the effects of using different core 
& E  sleeve zmbiwzions on ellipticity Of the c m e d  fuel element. 
7 e q -  csrrsis%ent with previcrus tests, as was stressed in the report. 

The st.~&v coneerned With evaluating the effects of certain pracess variR3les 
on eane afneteen yield variables was completed. 
in order to assess t h e  effectiveness of certain cxf these yield variables in 
detecting differences i n  fuel quality. 

1;3: cxmeetiDr with tne straightening of warped NPR fuels, suhnitted da$a were 
analyzed to determine w h a t  amount of bending is necessary to effect a zera 
average warp on fuel elemeats after the second beta heat treatfng. 
h p o s ~ i k L e  to detemirre because of the almost perfect correlation that existed 
fn the daLa Setween the initial warp after beta heat treating and the warp 
after 'Sesrling. 

It is often neeessary, when analyzing fuels data, to transform the data in 
SOE faehim ic order to stabilize the variance and, incidentially, achieve 
noxnI&.lity. Hmever, from an interpretatioll viewpoint, it is desirable tt. 
eqress resul5s in terms of the raw data. A document has been prepared $0 
permit this. 
t b e  transformed variable &?e known, the corresponding means and variances of 
%be raw &%%a are given. In addition, the percent(6) of items exceeding some 
mlue(E) are ale0 giverr. 

In each instance, the effects of cEUrdng cycles 

ResCLts were 

This was cmducted pimarily 

"Lis was 

For varivas transformation8 in which the mean snd vk-laslce cf 

A series of grsphs makes the results redily ueable. 

Irrabia5im Frxeseinp; 3epartment 

%e prcgrams t3 perfcrm the craft set analyses for reactcr maintenuce work 
have been ccmpleteC and debugged. The secmd major pragram for trsllslating 
w;:rk order rnrmbere int3 either job codeg 3r the classifications cf facilit.ies 
ergineering, reseaxk a d  engineering, landlord, new work or project, h s  
beei cmpleted and delugged. The master eonversion ts;ble f'rm work order 
nmbera tc? j3t  or ciaee numbers is  99 percer-2 complete. 
remrds fbr t h e  perisd June 3, 1962, through Augwt 12, 1962, are now avsil- 
able &XI will be upgraded with the appropriate craft code shift. assignmesL,, 
cew assigmrit, m d  radiation Rtatus in prepamtion fo r  the amlytical 
pa.s&ee dexr ic ing  cra% effort involved ir. t .otal  maintenance function. 

Time &i~trih5ia~ 

Cmsidsrable 
Fmfiiawter measusmert err3r8. This w m k  was occasioned by the large 

a t t e n t i x  was directed towar* the problem of' sssessing C-Be~ia 
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Oumber of 80 and 90 profiles faun to e%st in recent analyses of m e r  
fuel element data. 
Sumper, have been remeasured. 
normniformity in measurement error along a given fuel element. 
measurement errors in the two profiles are strongly correlated. 
are currently being processed. 
w i l l  be made for processing future fuels data so as to minimize the effects 
o f  this measurement error. 
fram the study. 

Several hundred fuel elements, both bumper and mn-  
Preliminary analyses indicate that there is 

Ia addition, 
All the data 

Upon camrpletbg the analyses, reccmnnendatioxx 

Changes in measurement techniques m y  also result 

Work continued on the problem of estimating defect frequency arad size dis- 
tributions in connection with welded primary piping fo r  the mPR Project. 

Chemical Processing Departsre nt 

The review of shipper-receiver differences for U-235 measuremen38 was 
ee-ended to include U03 produced from irradiated E metal. 

The analysis of the data used to demonstrate dimensional stability of 
fabricated parts was campleted. 

An attempt is being made to estimate the efficiency Df the plutonium process- 
ing operation for removal of specific Impurities. Intermediate points in the 
process w i l l  be examined to aid in understanding process effects on the 
impurity content. 

Work is continuing in connection with assessing risks associated with 
transporting fission products by rail. 

Work continued on the refinement and programming of a mathematicalmedel 
for spare p a r t s  and general inventory control. 

Relatione Operatian 

Work cmtinues in planning for the forthcoming HAPO-wide a2titude survey. 

2000 Program 

Pulse Column Facility 

A FORTRAN language parer spectral estimation program has been abtained 
frm the UCLAMedical Center and is being used to analyze several pulse 

1 2 3 0 8 2 5  
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e & m n  equilibria experiments. 
periodically during an equilibrium run of the column are being analyzed with 
this rmtiae to establish the characteristics of the column under steady-state 
zpemtiozl and to determine how these characteristics change as the column 
appraches a floodi,rg situation. 

A factorial experiment involving approximately 50 pulse column runs is being 
designed to study the extraction characteristics of the column as a f’unctian 
of six independent variables, extractant stream temperature, extrac-t 
&%ream acid concentration, feed stream acid concentration, feed stream and 
ex*,racta.nt stream flow rates, and the pulsing frequency. 

A number of variables which are recorded 

3000 P X O R ~ ~ ~  

Considerable time has been spent on checking out the responae characteristics 
cf the experimental Gorton Uthe to the ED1PM-generated magnetic tape input. 
DataWe been ccnapiled on tape reading speeds, pulse-pattern accelerations 
and decelerations, and pulse taunting. 

Two EEIPH programs have been completed end placed in service which serve to 
specie the design data for metal blanks which are to be ehesr-spun OII 8 
F l o 5 m  machine into preeelected shapes. 
lathe coordigates for cutting such blanks and lathe coordinates for cutting 
mold surfaces suitable for casting such blanks. 
i3 that one designs blanks which w i l l  be strained uniformally under shear 
epinning, whereas the other allows the coefficient of shear-strain to vary 
in a preselected manner. 

m e  program simultaneously specified 

!Phe two programs differ 

4000 Program 

An ZlPM Frogram is being written to analyze the frequency equation which 
predicts the modes of Lamb-wave propagatian in metal plates. l h i s  piece of 
analysis is prerequisite to any satisfactory Interpretation of experimental 
data. 

5000 P W P ~  

Actiniae Element Reeearch 

Several mador problems in indexing hexagonal crystals have been solved. 
has prwessed satisfactorily enough to warrant reconsideration of the 
crthorhcanbic case. 

Work 

Sane work on the orthorhombic crystals was done abnrt 
mid-A~g~~t. 

The problem of finding precise lattice constants of cubic crystals at various 
ternpemtures has been solved and the results turned over to the customer. 
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A repcz-3 describing the theory and applicaticn: of the resulting program is 
beix prepared. 

A 2.epor-t (Ill?-74393) has been issued on the theory a d  application of a pro- 
gram to index cubic crystals. 
Library io. 713 Bailding for plant-wide use. 

,The program has been placed in the FrJREXY 

Mviaim of Research 

Wmk cootimes on the definition of the IWI Mark II data filiq system 
The c s l c u b t i m  p a r t s  of the system are the only sections not yet defige2. 
B e  spec%ral resolution subroutine GEM for the calculation portion of the 
sptem is 3ehg checked aut w i t h  a Monte Carlo program for generating the 
8peck-a. 

Work emtimed on the modification of the ZERO F O R M  la3lguage prsgram ta 
speed up its input-uutput characteristics. 
prsqrsm data using PICFLYRE continued to obtain gross characteristics. 

%utine machine plotting 3iS 

om Pr3@7am 

B i D l . ; g Y  

Work continued on applying a multicompa~ment model to a study of Pu refen- 
ti= in fish. 
by us- an iterative technique. 

Setter approximations of rate parameters are being smght 

Work conticued 3n d a t a  fram an Alaskan fallout study. 
of isot~pes is to be detected by analyzing data from a multichannel analysis. 

Presence or akseace 

Work was initiated on a statistical analysis of data $0 csli3rate M.pha-3et;a- 
Gamma Air Sample Csmters. 

Persorael Monitoring 

Zhe statistical analysia of data continued to eval.;late the presel?t peccil 
pr?gram. A caputer prDgram was written to perfom the desired statis%izal 

.. calclzlatiooa f3r the analysis. 

Wmk is continuing en the problem of ccanpositing urinslysis samples f o r  
the purpose of analysis. 
per miaute a r e  being compiled in order ta determine how hrge +he canposit;e 
sample should be. 

Frequency distribitions cf the disintegratims 

General 

A statistical alalysis was undertaken af mass spectrameter data x! three 
gas s+ardards. Approximately 50 independent a n a l y s e s  were run  m eack of 
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m e  three standmas. 
b~meeru ra camponat, individual peak components, and experfmen+& emcr.  

A n3nlinesr least squares analysis was performed on data fram 811 experbent  
ts iwestiga+,e the kinetics of peroxide decomposition. 
p a ; r t ~ ~ ~ t e r ~ ,  and the i n i t i a l  composition of the peroxide were e s t h a t e d  m d  
standard error  calcuht ions performed. 

I k t a  analysis w i l l  resolve the t o t a l  var ia t ioa in to  a 

Reaction rate ,  order 

Wing t n e  moath, interviews were conducted w i t h  personnel interested ir: the 
LSarmatfon system study i n  Radio-Met. 
interviews i d i c a t e d  the key points of informstion required fo r  operation 
md scheduling. 
the v-ariTz su2ervisors were t o  coordinate specific definit ions regarding 
%heir need6 in order t o  permit the creation of a cannon language structure 
s u - k b l e  fsr machine processing. 

Ihe conclusions drawn fram these 

Agreement was attained regarding the points presented, and 

Acting for 
MBnsger 
Applied Mathmatics 

1 2 3 0 8 2 8  



F-1 HW-74813 

Phoenix Fuels Study 

Fuel costs have been obtained for  nineteen plutonium fuels  of  varying isotopic 
composition, 
diameter t o  very fine rods approaching the homogeneous case. 
spectrwn cases have been studied at three specific power levels .  
minimized fue l  costs have been obtained f o r  two of these fuels  that showed 
Phoenix action. 
concentration of the fue l  i n  grams f i ss i le /cc .  

The .cases studied correspond t o  fue l  rods fram one-half-inch 
Med.ium and hard 

In addition, 

The fue l  cycle costs have been minimized against spa t i a l  

The fue l  costs shown i n  Table I are for  a r b i t r a r i l y  compounded plutonium composi- 
tions t o  give an indication of the e f fec t  of Pu-240 concentration on fue l  costs. 
Although these a re  not minimized fuel costs, i n  all cases studied t o  date 
mfrzimum costs have been found t o  be with fue l  concentrations close t o  the one 
grsm/cc plutonium fuel density used for this table .  

These r e su l t s  indicate that even though Phoenix action may occur, there i s  
insuff ic ient  fe r t i l i ty  for lowest Puel costs  with many of the fuels with lower 
Pu-240 contents when the plutonium I s  used without benefit  of other f e r t i l e  
su3stances such as u-238 or Th-232. 

The speciflc power fo r  all these cases (Tables I and XI> is 300 MW/T (330 w/ce) 
which is equivalent t o  30 MW/T at  normal oxlde density. 
are  obtained i f  the  fue l  is operated a t  a higher specif ic  power l eve l ,  
reactors currently operate at about half this power density OZI the average, the 
peak powers incurred are  comparable t o  this and fue l  elements have been tes ted 
and operaeed at power densi t ies  In excess of this, 

hren lower fue l  costs 
Although 

Successive Reevele of Bred f ie ls  

The calculation of the  values of plutonium and U-233 i n  five simulated reactors 
l o r  different  fueliag s t ra tegies  is nearly complete. The scope of tlrfs study 
is shown by Table IPI., b this table,  typ ica l  fue l  values and fuel costs are  
presented fo r  recycle of self-produced plutonium and U-233, and for  plutonium 
recycle i n  natural  uranium with an unlimited stockpile of plutonium. I=: all ,  
six modes of operation with standard economic conditions are considered for  
each reactor ty-pe plus a number of additional cases designed t o  evaluate key 
nuclear and economic parameters. 

I 2 3 0 0 2 9  
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Case No. 

552 

652 

752 

832 

952 

1052 

1452 

TABLE: I 

FEL C3STS (N2T MINIMIZED) FL?F. E G H T  PLUTONI'JM FUELS 
(I gram/ec plutonium concentratioc) 

Plutonium Isotopic Percentage Composition 
(1 gram/cc plutonium concentratioL) 

hp-242 - Pu-240 Pu-241 pu-239 - 
20 -I 50 30 

Y I  40 30 30 

I O  . -- 50 50 

-0 40 50 10 

20 -9 30 50 

58 25 10 6 

Fuel Cost 
mills/kwh 

1.657 

1 4 795 

1.827 

1.414 

1.297 

1 345 

1 * 923 

Economic &t. 12 percent, UC' Int 43/4 percent, FEFJ $ o . ~ ~ / c c  (equivalent. t o  
$30/pound at  full oxfde density), plutonium price 0,85 of top product 
($10.20Jgrm f i s s i l e )  e 

F J e l  costs used i n  the minimization fo r  the two plutonium types that can be 
formed is react.ors are shown i n  Table 11. 

Plutonium Isotopic Percentage Compositiori 
(atom percent Fuel Cost* 

PG-240 Pu-241 Pu-242 mills/kwh - Case No, m-239 

1552 

1952 

37 45 15 3 1.432 

45 40 10 5 1.538 

* E c o n ~ ~  ruikes same as Table I. 

1 2 3 0 8 3 0  U N ~ S I F I E D  
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As ir the work reported i n  HW-72217, the optimum in i t ia l  enrichment ( for  miLimum 
fuel mstj co2strai;zed by the f ie l ing  strategy considered was used i n  the 
ealeu.2.atfo25. The present study d i f f e r s  i n  that: 

I, The scope i s  much larger  since only self-produced plutonium recycle 
was reported i n  Hw-72217; 

The price schedule established July 1, 1962, i s  used i n  the present 2 ,  
S k l d y  ; 

3.  The MEICPEAGER b---up code has been calibrated with the SPEC;O!EIUM 
mdtigroup diffusion code since the work reported in HW-72217 
was ecpnpleted. 

The caE3rat ion of MEZEAGER has generally increased the ea l caa t ed  plutoriium 
d u e s  while not changing the values of U-233. 
epfthenaal cross section formulation which reduced the  values of alpha i n  the 
preseat model t o  more correctly reflect the self-shielding i n  the resonances 
of Pu-239 and Pu-241. 
asd t o  yield plutodum values that a re  l ike ly  low, however, 

This results from a revised 

This formulation is  s t i l l  considered t o  be conservative 

2abPes Zr through IX show how the calculated values and the isotopie CompOSitiOnS 
v q  with successive recycle. 
re la t ive  Pu-239 concentrations or relative U-233 concentration i n  the recyeled 
Pael, 
icterpolated values for  15,000, 30,000p and 45,006 MWD/T of cumulative exposure 

The reactors are l i s t e d  i n  descend- order of 

Vades a re  given for the First three i r rad ia t ion  steps or, as i n  Table I V p  

Complete azlalysis of these results w i l l  take sane time, although a f e w  o b s e m -  
rtoas e a  be made. 
3atch eyeles than for graded cycles i n  the same reactor.  Plctonium values a re  
Lower far t l e  HWR thar the other mschines, especially for h i a v  b m e d  
p1utoL;fum wsch  has significant quantit ies of Pu-242. 
appears t o  be due t o  the fac t  that the  re la t ive  paras i t ic  captures in Pu-242 
are greater fr the HWR because it has l i t t l e  other paras i t ic  material present 
E t  1s observed that W-233 has higher values than plutonium but tbat the fuel 
costs are also greater.  m e  higher fue l  costs with V-233 are due largely t o  
%he necessity of s t a r t i ng  the cycle and maintaining it with fully enriched 
'Lr-235. Thfs cost is more fully defrayed in reactors designed t o  more f u l l y  
exploit the potezztial thermal breeding of U-2339 and fuel  costs mqv be reduced 
for suek machines, 
the same for  a14 reactors and for  large accumulative exposuresp which tends t o  
support the fac t  that the properties of U-233 are relatively independent of 
the v a r i o u s  thermal neutron spectra. 

Plutonium values aod fuel  costs are generally higher for 

This l a t t e r  e f fec t  

T h i s  study does show that the d u e  of U-233 i s  essent ia l ly  

I 2 3 U 8 3 2  
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Cornbined Cycles Studies 

A p i l o t  combined cycles study has been p l  nned and i outlined i n  Tab1 X. 
It has been designed t o  show the  impact of the isotopic composition of plutonium 
ox the optimization of reactor l a t t i c e s  employing plutonium Fuels. 
between fue l  ty-pe and econcrmic climate is expected, therefore, the economic 
parameters are t o  be varied t o  reflect the possible future trends i n  economic 
ellmate as well as the present values. Details of the fue l  element geometry, 
such as the location of the plutonium within the fuel  element, is fmportant i n  
such studies, but it w i l l  not be fully investigated now because an accurate 
portrayal of the geometrical shielding ef fec ts  on plutonium cross sections is 
very costly with the present code arrangement. 
standardized as a one-half-inch diameter UQ rod appropriately arranged i n  
groups i n  accordance with the moderator system being analyzed. 
be made t o  account for  the effects  of gemetry t o  the extent allowed by the 
present codes. 
weighted by Jason code which u t i l i z e s  the P-3 approximation t o  solve the Bolt- 
equatioa for  the dis t r ibut ion of the  thermal flux. 
course, dependent p r h a r i l y  on the fue l  element diameter, l a t t i c e  geometry, the 
blackness of the fuel  t o  incident neutrons, and the re la t ive  amount of moderator 
which affects the energy dis t r ibut ion of the thermal neutrons. A fair number 
of cases has been set up fo r  the three reactor types of Table X and are being 
processed as cauxputer t i m e  becomes available. 

bnteraction 

The basic fue l  element piece i s  

Attempts wfll 

The non-fuel absorptions a re  appropriately f lux and volume 

This f l u x  weighting is, of 

Code Develupment 

A ease generator i s  being added t o  the combined cycles chain t o  f a c i l i t a t e  input 
preparation, and w i l l  minimize the probabili ty of e r rors  of a c le r i ca l  nature 
because the amount of input data is reduced by a factor of about a hundred. 
A special  master chain version of the code system has been writ ten which allows 
substi tution or  additions of new codes t o  an existing chain of codes withodt 
reassembli,?g the en t i r e  sequence of codes. 

Salt Cycle Econamics 

Compilation of the revised Conventional Reprocessbg Code for  e e o n d c s  studies 
of fuel  reprocessing was completed and debug runs were s ta r ted .  
e r rors  have shown up acd have been corrected. 
t o  be done t o  complete the checking and debuggiag of this code, 
T h i s  code will provide the base case comparison for  the Sa l t  Cycle Economics 
Code (completed last month) t o  evaluate e c o n d c  incentives for  developing 
close-coupled Sal t  Cycle-type processes. 

A mmber of 
Numerous hand calculations remair, 

When completed, 
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TABLE X 

OUTLINE OF 
A STUDY OF THE IMPACT OF FUEL TYPE IN THREE -ZED 

TYPES OF REACTORS WECH VAFUDI ECONOMICS 

OUTLINE OF 
A STUDY OF THE IMPACT OF FUEL TYPE IN THREE GEXEWUZED 

TYPES OF REACTORS WECH VAFUDI ECONOMICS 

Reactor !Pypes (No. i r s  used below as a subscript .) 

1 
2 
3 Graphite moderated, sodium cooled. 

Light water moderated and cooled. 
Heavy water moderated and cooled. 

Moderator Temp eratures 

!rl = 260 c 

Speclflc Power 

15  W T ,  30 m/T 

T2 - 100 C T3 - 500 C 

Fuel Element Description 

Oxide fuel  diameter 0.500". 
Clad thicknese 0.OlO1' . 
Clad Material Zr, SS, Haetelloy. 

Lattice Arrangement 

1. 

2. Nineteen-rod cluster  i n  pressure tube; tube spacing varied. 

Hexagonal arrq with pi tch varied. 

3. Nineteen-rod cluster  cooled with sodium in zirconium pressure tube; tube 
spacing varied in graphite moderator l a t t i c e s  varied t o  produce a moderator 
index range of approximately 0.75 t o  5.0, where moderator index I s  the 
slowing down power of the moderator per unit fuel  volume. 

Fuels - (Phase I) 

U-235 in U%. 
Percent enrichment varied t o  achieve minimized Are1 coets. 

diffusion cascade U$ density 95 percent of theoretical.. 

Plutonium in Uo;!. Containing U-235 I n  naturally occurring ra t io .  (Plutonium 
enrichment varied t o  achieve minimum fuel  costs, plutonium source campositions 
are (a)  95. percent 23g9 5 percent 240; (b) 70 percent 239, 18 percent 240, 

25 percent 241, 10,l percent 242. 
11 percent 241, 1 percent 242; (c 31.3 percent 239, 33.6 percent 240, 

meling Methods. Batch loading and graded loading. 

I 2 3 0 8 4 0  
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MISCELLANEOUS 

Hanford Science Colloquium 

Professor Francis Birch, C h a i r m a n  of the Department of Geological Sciences of 
HWvard University was the Hanford Science Colloquium speaker for August 29 .  
The lecture was t i t led,  "The Internal Constitution of the Earth." 

WK wo0ds:jm 

UNCLASSIFIED 



UNCLASSXFIED HW-74813 

RADIATION PROTECTION OPERATION 
REPORT FOR THE MONTH OF AUGUST, 1962 

Aa ORGANIZATION AND PERSONNEL 

Transfers within the  Section during the  month included Roy F. Ballard 
t ransfer r ing  from Radiation Monitoring t o  Environmental Studies and Evalu- 
a t ion,  and Jack Do Mixon t ransfer r ing  from Environmental Studles and Evalu- 
a t ion  t o  Radfatlon Monitoring. 
Flordel iz  I. Ambrocio transferred from Construction Engineering and U t i l i t i e s  
Operation t o  Ifadiation Monitoring. Geraldine B. Lage and Rose W. Kron trans- 
fe r red  from External Dosimetry t o  Contract and Accounting ar,d Construction 
Engineering and Util i t ies ,  respectively.  €3. W. Hatfield resigned from the 
C ompany 

Betty B. Hanson began a leave of absence. 

Occupational Exposure Experience 

Five new cases of plutonium deposit ion were confirmed by bioassay analyses 
during A u g u s t .  
occurred a t  Hanford i s  297, of which 214 a r e  current ly  employed. The new plu- 
tonium deposition cases resul ted from f i v e  previously reported radiat ion inc i -  
dents (May and June) involving four CPD employees a t  the 234-5 Building and 

buted as the  mode of intake,  and the  plutonium body burden was estimated t o  
be less than one percent of the permissible body burden. 

The t o t a l  number of plutonium deposit ion cases that have 

. one EL0 employee a t  the 231-Z Building. I n  each case, inhalat ion was a t t r i -  

A CPD process operator received a plutonium nitrate contaminated in ju ry  a t  
the Purex f a c i l i t y .  
when an unknown object  punctured his l e f t  r ing  f inger  between the  second and 
t h i r d  j o i n t s ,  
counter showed 0.01L pc plutonium. 
pc plutonium remained a t  the  wound site.,  
excised tissue showed 0.011 pc plutonium. 
t r ia l  physician about three hours a f t e r  the  in ju ry  occurred and again a f t e r  
48 hours ., 
injuries i n  1960 and 1961, resu l t ing  i n  a plutonium boav burden estimated t o  
be less than ten  percent of the permissible body burden, 

The employee was cleaning the f l o o r  of the N-cell hood 

Initial examination of t he  in jury  with the  plutonium womd 
After medfcal excision of tissue, 7 x l C - 4  

A wound counter measurement of  the 
DTPA was administered by an indus- 

This employee had previously received plutoni-an contaminated 

One week a f t e r  the  described incident ,  the above employee reported f o r  a 
I n  addi t ion t o  routine re-examination of the  in ju ry  with the wound counter. 

this measurement, which showed 4 x 10-4 pc plutoniun, a scan of the employee's 
hands was made w i t h  the  wound counter, according t o  a newly i n s t i t u t e d  pro- 
cedure, 
the top of his l e f t  l i t t l e  f inger .  V i s u a l  exarmnation of the  contaminated 
area revealed the  presence of a small scratch-type in jury  which bad p a r t i a l l y  
healed. 

The procedure resul ted i n  the detect ion of  0.042 ~c of plutcxLum on 

Tissue excision was performed and a wound count indicated complete 
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r2novai of tne plutonium* 
&?!a again on the foilowing day. 
t i o n  of when o r  where t h i s  contaminated in jury  may have occurred. The 
employce was unaware of the scratch on h i s  l i t t l e  finger and his only work 
a s s i g m n t  f o r  the one-week period had been i n  the Purex control  room. 
was no evidence t o  link the in jury  t o  the puncture wound received i n  the E- 
c e i l  hood. 
the  T o t a l  plutonium deposition i n  the  body because of the e f f ec t  of the  DTPA 
treatmentr 

DTPA w a s  administered after the  t i s sue  excision 
Invest igat ion f a i l ed  t o  provide an explana- 

There 

It i s  not yet possible t o  provide an estimate of the magnitude of 

Ir, addition t o  the above incident,  there  were two incidents  a t  the 234-5 
Building and three incidents a t  the  231-2 Building that required s p e c i a l b i o -  
assay sanipliw f o r  plutonium analysis  f o r  seven employees. 

Three IPD employees were exposed t o  unknown dose r a t e s  a t  the  105-F reactor  
while attempting t o  charge a poison tube during reactor  operations. 
dent w a s  similar t o  the one that occurred a t  the  105-B reactor  last month. The 
charge machine broke f ree  from the bal l  valve assembly, permitting a backilow 
of irradiated aluminum and poison pieces. 
dosimeters substantiated the dose estimates provided by gama pocket dosimeters 
ana rcdicated that the  maxfmum dose received was about 0.2 r. Under the condi- 
tyons that exis ted a t  the t i m e  the  men were exposed, there was no possibrLlity 
of' a void i n  the water column of the  tube. 

The inc i -  

Evaluation of the employees' film 

Two EL0 p i p e f i t t e r s  entered the process c e l l  of PRTR through an emergency 
The employees, whose t o t a l  time i n  e m t  with the yeactor operating a t  60 MwQ 

the  process ,ce l l  was estimated t o  be two minutes, w e r e  unaware that the reactor  
w a s  operating, Evaluation of t h e i r  film dosimeters indicated a &mum dose of 
about O ? O f i  P. 

A rup twe  of a MgO-PuO2 f u e l  element caused the  shutdown of the F'RTR. 
rates i r r ~  A-celi increased from t h e i r  normal l eve l s  of  5-10 mr/hour t o  2-4 
r/hour, 
t o  100 r/hour. 
r a t e  of  1 r/hour a t  ten feet ,  
tc 2.5 x 10-2 pc beta/cc, 
indicated the presence of  expected f i s s i o n  products, 
tured element indicated about 9-1/4 inches of the core, con ta in iw  an estimated 
1'75 grams of plutonium oxide, w a s  missing. 

Dose 

Selected locat ions on the  primary system piping showed dose rates up 
Di.scharge of the ruptured element was accomplished i n  a dose 

Spectrometric analysis of the discharge p i t  w a t e r  
The water i n  the  discharge p i t  w a s  cont&rxited 

Examination of the  rup- 

A technologist and a mdia t ion  monitor i n  the Haaford Iaborator ies  received 
nasal contamination during the unpackaging of metal l ic  coupons i n  the 242-b 
Etuildingo Examination i n  the Whole Body Counter i 
cent of the maximum permissible body burden f o r  Co 

cated less than f ive  per- 

A i6-ton cask containing i r r ad ia t ed  material samples was found t o  have 
smearabie ccntaminat,ion up t o  1.8 rads/hour when it arr ived on a common c a r r i e r  
from Idaho Fa l l s .  The truck bed and undercarriage of the t ruck were contamhated 
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up t o  5 rads/hour. 
areas ,  public roads i n  the nearky EarxPord environs, and a parking l o t  a t  
Baker, Oregon, indlcated no spread of contaminationo Decontamfnation of 
t he  ca6k axid the t ra i le r  w a s  i n i t i a t e d  l o c a l l y 3  

Surveys of involved personnel, receivfEg and t m s f e r  

On A u g u s t  10, 1962, approximately 8000 new f i l m  badge dosimeters were 
d is t r ibu ted  f o r  routine use throughout HAPO. 
included the exchange of nearly 8000 new secur i ty  credent ia ls .  
course of making the  t r ans i t i on  between the new and old badge processing 
machines, about 1500 f i l m  packets were developed i n  e r r o r  w3thout being 
exposed t o  X-ray iden t i f i ca t ion  i n  the badge processing machine" About 
one-third of the involved film packets were iden t i f i ed  by the gamma radi- 
a t ion  received by the wearer. Another one-third o f  the f i lm packets were 
iden t i f i ed  with people who work i n  areas where the maxlmum dose received 
is less than 0.12 re The exposure records of these employees were credi ted 
wfth the maximum dose f o r  their  assigned a rea ,  The remaining cases were 
lndlvidual ly  evaluated through invest igat ion and use of  supporting pocket 
dosimeter measurements 

This d i s t r ibu t ion  a l so  
I n  the 

Emi ronmental Experience 

T k  presence of  f a l l o u t  materials on a i r  f i l ter  samples throughout the 
Fbcific Northwest showed a sharp increase on August 31; 30 vpc/m3 as cgm- 
pared t o  an average of 3.2 p,c/m3 

A t o t a l  of 332 b io logica l  and 
chemical analysis  : 

49 
2 

20 
72 
18 

3 
1 

167 

sets of beef thyroids 
samples of Willapa Bay 

f o r  J u l y  , 

produce samples were obtained f o r  radio- 

oysters  
samyles of pasture grass 
samples o f  miik 
samples of vegetables, fruit and meat 
samples of wheat 
sample of baby food 
f i s h  from samplfw locat ions a t  P r i e s t  Rapids, Hanford, 
Ringold, Richlaxd, Bupbank and McNary Dam 

Special  r i v e r  samples w e r e  taken on two occaslons i n  response t o  notif:.- 
cat ion of unmuaily severe ruptures by IPD. Althowh there  w a s  an abnormal 
re lease of f i s s i o n  products i n  one case, the concentrations of f i s s ion  pro- 
duct.s i n  the r i v e r  w e r e  far below ac t ion  l eve l s  * 

Studies and Improvements 

Fifty-three p r i n t s  on the design of the  Fuels Recycle E l o t  Plant were 
approved dming August. Design completior_ was rescheduled f o r  Novezber 1 
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due t o  the addition of the waste calcinat ion program t o  the project .  
reslat of the waste calcinat ion program, two design changes of radiological 
in te rea t  were necessary. 
level  a rd  the f irst  stage high eff ic iency f i l t e r s  w i l l  probably be moved 
from the c e l l s  t o  the damper p i t .  
t e r  change-out wiii be more d i f f i c u l t  with f i l t e rs  located i n  the  h p e r  p i t ,  
the  operating groups f e e l  the advantages of the  equipment placement within 
the hood, t o  be gained by the change i n  f i l t e r  location, merit this charge. 

A s  a 

The low bay c e l l  f l oo r  was lowered t o  the -10-foot 

Although there  i s  some concern t h a t  f i l -  

Calculations of the f i s s ion  product a c t i v i t y  from 12.5 tons of Hanford 
production ael, a proposed waste calcinat ion load, indicates  this t o  be a 
more intense radiat ion source than the PRTR fuel element f o r  which the  c e l l  
ShiEidlng calculations were based. It w a s  agreed that a two-ton fuel load 
w i i i  be used f o r  i n i t i a l  startup i n  the calcinat ion process wi th  increases 
t o  be m3.e i f  the shielding provided i s  adequate. 

The mechanical components of the automatic densitometer were inspected 
and re-tillgned as necessary. 
t r a i n  whch p rwides  f i l m  posit ioning required correction. 

Several misalignments i n  assembly of the gear 

The new film dosimeter processing machine wa6 used rout inely f o r  proces- 
sing the  second set  of  new Hanford personnel dosimeters. 
40,000 dosimeters w e r e  processed by the machine during the last  two months. 
Tne minor e f f i c u l t i e s  encountered during i t s  ea r ly  operation were corrected. 

Approximately 

S t d i e s  of  the  3705 Building layout and work flow w e r e  i n i t i a t e d .  An 
improved work flow char t  f o r  processing fi lm dosimeters i s  being designed. 
Minimum handling of dosimeters w i l l  be emphasized. 

Arrangements f o r  use of the  Sandia Pulse Reactor fac i l i ty  were temporarily 
postponed' 
mame of this worko 
f a c i l i t y  vi11 be rescheduled f o r  about January 1963. 

Contract d i f f i cu l t i e s  were encountered i n  negotiating our  perfor- 
Arrangements f o r  Hanford dosimetry work a t  the  Sandia 

Tests of the new BF3 portable double moderators were completed. Ins t ru-  
ment sctiies f o r  attachment t o  the meter faces w e r e  prepared and ordered. 
These instruments w i l l  be ready t o  place i n  the portable pool f o r  f i e l d  use 
as soon as the BF3 tubes a re  supplied by the  instrument fabr ica t ion  shop, 

lnstrument specif icat ions f o r  alpha, beta ,  gamma hand and shoe counters 
Some minor are being completed f o r  the  next purchase of these instruments* 

deficiencies i n  the current p r in t s  were noted by the vendor current ly  build- 
ing seven of these units. Functional specif icat ions f o r  s ignal l ing dose 
alarms were prepared and readied f o r  comments from other  departments. 
f ica t ions  f o r  the purchase of image storage oscilloscopes and other data 
recordiag components t o  provide addi t ional  mechanized penci l  reading c a p -  
b i i i  ti es were prepared o 

Speci- 

UNCLASSIFIED 
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The s i l i c o n  diode neutron dosimeter s tudies  were directed t o  d e t e m n e  
the most sensi t ive constant voltage fo r  readout and t o  compare the sensi- 
t i v i t y  of constant voltage versus constant current  readout techniques, 
The diodes appeared t o  be most sens i t ive  when a constant voltage of 1 . 5  V 
was used. 
most sensitivity and fu ture  diode s tudies  will use this method of readout. 

The cor i tan t  voltage readout technique continues t o  give the 

A contract  with Battefle Memorial I n s t i t u t e  was approved f o r  the  
manufacture.of fur ther  experimental s i l i con  diodes. 
be used t o  study the s e n s i t i v i t y  of both n- and p-type s i l icon .  
i s  schedded f o r  November 1962. 

The new diodes w i l l  
Delivery 

A l l  65 of the Scintrans ordered last  f i s c a l  year were delivered. 
instruments passed the inspection tests and appear t o  be i n  sa t l s f ac to ry  
condition. 
instrument pool where central ized maintenance w i l l  provide improved ix s t ru -  
ment performance a t  reduced cost .  

Ths 

A l l  Scintran instruments are being placed In to  the portabie 

An improved alarm system f o r  the Automatic Colunha River Monftorlng 
Stat ion (ACRMS) w a s  i n s t a l l e d  a t  the  3701-L Bdgehouse. 
type of s igna l  immediately and expedites taking appropriate act ion,  

It i d e n t i f i e s  the 

The po ten t i a i  raddological e f f ec t s  of Hanford operations on land south 
of  tne 300 Area were evaluated. 
i n  overa l l  recommendations f o r  land u t i i i z a t i o n  which were provided t o  
mc -EO0 0 

Results of this study were incorporated 

An invest igat ion composed mostly of l i terature review and pr ivate  
communications was conducted regarding the var ia t ion  of sodium l eve l s  i n  
mano It w a s  concluded from the  information obtained that a va r i a t ion  of  
t en  percent OF less would be expected i n  e i t h e r  the t o t a l  body or blood 
sodium l eve ls  awng normal individuals ,  

C, VISITS AND VISITORS 

V'isi tors consulting wlth members of the Radiation PPotectlon Operation 
durirg The month rnciuderi: 

Z ,  Nardu - Atomic Energy Authority o f  I n a a ,  Bombay, India  
D7 JacoSs - Research Health Physics, Oak k d g e ,  Tennessee 
C L7 Osterberg - Department of Oceanograpiyv, Oregon Sta t e  Urnversity, 

Id, KO Mecklam - Uo So Civ i l  Service Conmissfor, 

C G o  Wills 1 - Nuclear Ehgineering Trainees, AEC-HOO 
A. D. Toth 1 
C a  E .  Newton - Walter Reed A m y  Medical Center, Waslugton, D O C ,  

Corvallis, Oregon 

M. R o  Keegan) - 

IPJCUSSXFIED 
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Vis i tors  who toured Radiation Protection Operation f a c i l i t i e s  during 
the month included: 

40 Summer I n s t i t u t e  f o r  Radiation Biology people from Washington Sta te  
University, Pullman, Washington 

25 Eigh School Science Teachers attending the  Hanford Science Seminar 

MemSers of the Radiation Protection Operation v i s i t i n g  o f f - s i t e  during 
the month included: 

R. F;. Foster - Presented inv i ted  paper a t  USPHS Third Seminar on Bio- 
log ica l  Problems i n  Water Pollution, Cincinnati, Ohio 

J. M" Selby - Presented paper a t  American Indus t r i a l  Hygiene Associ- 
a t ion  meeting i n  Sea t t le ,  Washington 

Do REIATIONS 

Eig?r'; s - a e ' t i o n s  were submitted by personnel of the Radiation Protec- 
?io3 L-zratior during August. 
a6opte.J. 

Two suggestions w e r e  re jected;  none w e r e  
Eight suggestions are pending evaluation. 

Two radiat ion or ientat ion meetings and one re f resher  t r a in ing  session 
were conducted f o r  customer organizations. 
were t ra ined i n  counting techniques associated with PRTR. 
persom attended the Disaster Level Monitoring courses presented a t  100-D 
Area; t o  date a t o t a l  of 253 persons have attended the course. 

Analytical  laboratory personnel 
Seventy-four 

Safety meetings were held throughout the Section during the  month of 
August 

E, SIGIIIFICANT REPORTS 

HW-TZZZg RE*9 - "Dose Rate Measurements of Beaches and Islands on the Colum- 
bia River Between Ringold and Richland" by D. McConnon. 

HW-73891 FEC - "A Method f o r  Immediate Detection of High Level Neutron 
Exposure by Measurement of Sodium-24 i n  Humans" by R. H. 
Wilson. 

EW-74307 7 - - '"Radiological S ta tus  of t he  Hanford Environs f o r  July 1962" 
by R. F. Foster.  

RW-74811 - - - %onthly Report f o r  A u g u s t  1962 - Radiation Monitoring 
Operation" by A. J .  Stevens, 
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PERSONITEL DOSIMJ3TRY AND RADIOLOGICAL R E C O R E  

External Exposure Above Permissible Limits 
Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 
Dosimeters Processed 
Paired Results - 100-280 .mr 

Lost Results 
- over 280 m r  

Hanford Beta-Gamma Film Badge Dosimeters 
Film Processed 
Results - loo-300 mads - 300-500 mrads - Over 500 mrads 
Lost Results 

. Average Dose Per Film Packet - mrad (ow) - mr (4 
Hanford Neutron Film W e  Dosfmeters 

Slow Neutron 
Film Processed 
Results - 50-100 mrem - loo-300 mrem - Over 300 mrem 
Lost Results 

Fast Neutron 
Fib Processed 
Results - 50-100 mrem - loo-300 mrem - Over 300 mrem 
Lost Results . 

Hand Checks 
Checks W e n  - Alpha 

- Beta-Gam 

Skin Contanination 
Plutonium 
Fission Products 
U r a n i u m  
T r i t i u m  

August 
0 
0 
0 

1.9 969 
5 
0 
0 

9,171 
2@ 
16 

5 
40 

1962 t o  Date 
3 
3 
2 

2 3; 469 
67 
8 
0 

76 , 610 
224 
86 
210 

2, 517 

19 0 43 13953 
28.81 27" 37 

0 29 
0 2 
26 61 

467 2, 952 
30 372 
69 488 
0 11 
7 22 

35,768 255,310 
48 , 959 417,165 

35 193 
51 369 
0 12 
0 0 
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Whale Body Counter 
GE Employees 

Routine 
Special 
Terminal 
Non -Routine 

Non-Employees 
be-Employment 

Male 

21 
12 
10 
10 
8 
0 

E 

- Female 
1 
0 
2 
5 
8 
0 
i6 

Bioassay 
Confirmed Plutonium Deposition Cases 
Plutonium - Samples Assayed 

Fission Product - Samples Assayed 
- Results Abwe 2.2x10-8 pc/Sample 

c 

A u g u s t  

22 
12 
12 
15 
16 
0 
77 
- 

5 
262 
25 

2 34 
- Results Abwe 3.lxlO-3 wc/Sample 0 

Uran ium - Samples Assayed 
Biological - Samples Assayed 
Strontium - Samples Assayed 

Uranium Analyses 
Following Exposure 

Units of 10-9 pc U/CC 
Mmber 

Sample Description Maximum 
W l  s Preparation 3.1 2.2 
Fuels Preparation* 
Hanford Laboratories 13.9 
Hanford Laboratorie- 
Chemical Processing 1.9 
Chemical Frocessingmc 
Special Incidents 
Random 

Tritium Samples 
Urine Samples 

> 5 .O- pc/l 

Samples Assayed 

Moderator 
Primary Coolant 
R e f  l e c t o r  
Samples Assayed 

Other Water Sample 6 

Stack Condensate 

c 1.0 pc/l 

D20 Samples 

11.3 
2.0 

8-6-62 

0 

0 

0 

2.4 54 

1.6 2 

4.3 4 
1.3 13 

Maximum 

68.7 

775.3 u c / a  
263.6 W C / ~  
804.5 pc/ml 

5.38 C r C b  

230 
3 
0 

1962 t o  Date 

136 
165 
85 
195 
35 
8 m 

.14* 
2,889 
146 

3,509 
15 

1,300 
247 
299 

Following Period 
of  No Exposure 

U n i t s  of 10-9 pc u/cc 
Number 

Maxlmun  Av;ye  S a z l e s  
21.1 

13.2 

2 .o 

Count 

257 
- 
26 

8 
8 
8 

"The t o t a l  number of plutonium deposit ion cases which have 

0 
1.8 39 

0 
1.5 2 

0 
0 
0 

August T o t a l  

390 

24 

- 125 
539 

occurred a t  
Hanford i s  now 297, of which 214 are current ly  employed. 

*Samples taker  p r i o r  t o  and after a spec i f ic  job during work week. 

UNCLASSIFIED 

I 2 3 0 8 r 1 9  



UNCLASSIFIED 

Calibrations 

Portable Instruments 
CP, Meter 
Juno 
GM 
Other 
Audits 

Personnel Meters 
Badge Film 
Pencils 
Other 

Miscellaneous Special Services 
Total Number of Calibrations 

G-9 HW-74813 

Number of Units Calibrated 
August 1962 to Date 

1,128 

516 
1,6pc 

- 

1,305 
5,208 

8 , 106 
4,473 
1,510 
843 
17,157 

2,225 

13,024 
12,670 
31333 
29,027 

8, 584 
54, 768 

. W G T I O N  PROTECTION 

AR Keene:ljw 

UNCLASSIFIED 
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FTNAmCE AND ADlII'IISTElATION 

HW-74813 

Cost Accountinu 

The operating cost control budget was adjusted i n  August t o  r e f l e c t  amounts 
allocated *om t he  Product Depastments for  02 and 03 research and develop- 
ment programs. 
financial  plan, has not been allocated t o  sections within Hanford Labora- 
t o r i e s  pending passage of the Appropriations Act by Congress and establish- 
ment of firm authorizations by the  Atomic Ehergy Comrmission. 

The operatipg cost budget, which i s  based on a,n interim 

A cost study pertaining t o  fabrication costs of U02-Az02 fue l  elements for  
the  Plutonium Recycle Tes t  Reactor was completed. Both the swaging method 
and the  high energy vlbration compaction method were Bnalysed.  
cost, excluding SS material, accounts for  5 5 s  t o  60s of the  estimated shop 
cost * 

Material 

A pocket-size booklet containing a summe;ry of the Budget for FY 1964 and 
Revision of Budget for  FY 1963 was dist r ibuted t o  Hanf'ord Laboratories' 
management 0 

A narrative report has been prepared and published outlining the  significant 
fiscal highlights of FY 1962 for  Hanford Laboratories. 

Special request ac t lv l ty  during the  month was as follows: 

Ac counting 
Code Activity 

O N  Development of  Ultrasonic Testing of Fuel Sheath 
Tubing for  UsAEc/AECL cooperative program - an 
additional authorization of $58,000 was received, 
increasing the  t o t a l  authorization for  FY 1963 t o  
$90, ooo e 

3G Bust T e s t  of Irradiated Zircaloy Pressure Tube f o r  
USAEC/AECL - a new program with authorization of 
$1,000 t o  perform the work. 

In connection with the transfer of cer ta in  maintenance f'unctions from Fuels 
Preparation Department t o  Hanford Laboratories, the following organizatiolz 
code changes became effective on September 1, 1962: 

I 2 3 0 3 5 1  
UNCLASSIFIED 
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New Codes 

7370 - Hanford Laboratories Maintenance Operation 
7371 - Instrument Shops 
7135 - Facilities Operation 
7136 - Efuilding Operation 
7137 - Waste Disposal and Decontmbation 

Canceled Codes 

7133 - Fgcillties Iandlord 
One new program code was established during the month 86 follows: 

Code - !Citle - Remarks 

0 63 U03 Calcination A specific process technology 
assignment for 0. 

Three suggestion awards with over $500 annual savings were reviewed dur- 
ing the month and granted financial approval. 

General Accounting 

Modification No. 22 to Article IV of Appendix B to the Prime Contract 
increased the per diem allowance for living expenses to $13.25 for 8 I . l  
persona 12 years and older and to $6.62 for all those under 12 years of 
age. The increase was effective retroactively to A@l 20. 

FoUoKing is a s~rmary of the status of letters or apeements covering 
specific actions requiring AEC concurrence: 

AT-256 Participation in StnnAdlzing Activities To AM: 84-62 
AT-252 Miniature Swine for Colorado State Uni- Approved 8 -13 -62 

ver sity 

During the month of August billings to campleted plant from Work in Progress 
accounts amounted to $145,414. 

W o r d  Laboratories material investment at August 1, 1962 totaled $24.4 
million as detailed below: 

(In thousands) 

SS Material $23 a6 
Reactor and Other Special Materials 900 
Spare Parts 

(1- Includes a reserve established at August 1, 1962 amounting to 
$80,454 

1 2 3 0 8 5 2  uxiIcLAs5FIED 
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Nuclew materials consumed i n  research during the month of July totaled 
$266,863 - $247,806 by Hanford Laboratories and $19,057 by FPD. 
f o l l w i n g  i s  a detail by program fo r  the  Hanford Laboratories portion: 

The 

2000 Program 
3000 program 
4000 Program 

(In thousands) 
$ 9 607 
230 383 
7 816 

$247 806 

Laboratory EQuipment and Material Pool ac t ivf ty  i s  summarized below: 

Equipment 
Items Received 122 $107 731 180 $136 303 
Items Withdrawn by Custodians 7 g 820 22 16 159 
Equipment reassigned (purchase 

mipment  on hand a t  8-31-62 1 207 661 973 -1) 

(1- Includes 129 items valued a t  $58,968 which were on loan at  8-31-62. 

eliminated) 20 10 048 45 24 749 

The material inventory in  the  Laboratory Pool a t  month end was comprised of 
the foUowFng: . 

B e r y l l i u m  
Gold 
P a l l a d i u m  
PPatfnum 

Clean scrap 
Contamimt ed 

Silver 
Hamum 
Zirconium 

scrap 

1 035 grams 
2 182 
2 224 grams 
1 896 grams 

45 a- 
6 703 @== 
6 615 grams 
2 939 grams 
5 344 Pounds 

Add m a t e r i a l  held fo r  convenience of others 

Total Illaterial held a t  the  Pool 

$ 592 
2 924 
2 535 
5 537 

131 
19 573 

462 
1 499 

150 622 

$289 868 

Action as indicated occurred on the following projects  during the month: 

Mew Monev Authorized EL 

~ - 8 6 6  Shielded Analytical Laboratory $4 000 

During t he  month the following'OFGs were prepared for  issuance: 

UNCLASSIFIED 

1 2 3 0 8 5 3  
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OPG NO. 

2.3.5 

302.5 
3.301 
22.1.6 
33.944 
66.8 
44.7 
U . 8  
99 06 
1.8 
22.2.5 
22.2.8 
88 01 
2.3.4 
3.4.11 
9905.1 
22.3.1 
9.2 
3.4.17 

3 3  2 12 

22.1.1 

Etle - 
Construction Engineering and Utilities Operation Maaager 
Position Guide 

Overtime Lunches 
Grievance Procedures 
Applied Mathematics Operation 
Priority Messages 
Legal and financial Responsibility 
Design Review Council 
Uniform Drafting Practices 
Mail Services 
Radiation Protection Standards 
Applied Mathematics Operation 
Mnance and Administration Operation 
Management of Property 
Hanford Laboratories Manager Position N d e  
Reduction of Force - Weekly Salaried Bnployees 
Long Distance "elephone Service 
Approval Authorizations 
Procurement of Fquipment, Materials, Services, and SIxpplies 
Reduction of Force, Monthly Salaried Bnployees 
Placement of Employees Disabled by Personal Illness or Off- 
The-Job Accidents 

Hanford Iaboratorfes 

*Notice of cancellation issued. 

Contracts processed included the following: 

SA-234 
SA-229 
a-347 
SA-232 
SA-233 
CA-348 
a-349 
SA-241 
SA-242 

Sperry Products Inc. 
J. W. Hoover 
George W. Watt 
Wyandotte Chemicals Corp. 
WCO Products, InCo 
Me Ja Simott 
Philip L. Walker, Jr . 
Colorado State University 
Automatic Sprinkler Corporation of America 

Revisions to the Travel and Living Erpense Masual included changes in certain 
approval authorizations required - clarification of responsibility for 
traveler's cash, tickets and credit cards, and the addition of a section per- 
taining to living expenses at the point of departure. 
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Personnel Accountinq 

The following employees received Patent Awards during the month of August: 

HWIR No. Tl t l e  - 
L. A. Bray 1 3 9 )  Process for  Recovery of  Strontium 90 
G. L. Richardson 1354 *om Radioactive Waste Solution 
A* M e  matt 1 3 9 )  
G. Jansen, Jr . 13%) 

R .  A. Walker 

H. L. Libby 
J. T. Russell 

1385 A Method of Controlling the  Strength 
of Ultrasonic Weld by Automatically 
Controlling Weld Time. 

13-70 1 Segmented Time Reversal Device. 
1370 1 

*Re F. Burch, Jr. 1407 Fabrication of Ursnium Dioxide 
Single C r y s t a l  Spheres by Means 
of Grinding. 

F. P. Roberts 1413 Isolat ion and Purification of 
C e r i u m  by Anion &change. 

K. J. Schneider 1419 A Radiantly Heated Spray Concentrator 

*mnexempt Bargaining Machinist in Tech. Shops. 

Number of Hanford Laboratories Elnrployees 
Changes During Month T o t a l  Brempt Nonexempt 

Ehrployees on payroll at beginning of month 1 516 703 813 
Additions and transfers i n  32 15 17 

14  Remavals and transfers out 41 2J- - 
816 Employees on payroll a t  end of month 1 507 - 

Overtime Payments During %nth A u g u s t  July 

b e m p t  
Nonexempt 

Total 

$ 3 726 
18 604 

$ 6 695 
22 392 

$22 330 i t2s ! l  
Gross Payroll Paid During Month 

b e m p t  $ 650 083 $ 667 441 
Nonexenrpt 439 328 436 251 

T o t a l  

I 2 3 0 1 5 5  
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August July F'articrpation in Ebployee Benefit 
Plans a t  Month End Number Percent Number Percent 

1 334 99.0 1 332 99 -1 

- Dependent 1 105 99 07 1 099 9909 

88 37.6 88 38.1 
72 4 .a 72 4 07 

88.3 
Good Neighbor Fund 989 65.6 989 65.5 

376 
Peniioa 
I n m a n e e  Plan - Personal 370 

U' S o  Savings B O ~ ~ S  
Stock Bonus Plan 
SaYlngs Plan 
Savings and Security Plan 1 E 3  88.2 1 135 

Insurance C l a i m s  
m l o y e e  Benefits Number Amount Number Amount 

0 1 $23 3.29 
7 820 

Life Insurance 0 $ 
Weekly Sickness and Accident 10 939 
Comprehensive Medical 41 3 145 32 2 987 

Dependent Benefits 

Comprehensive Medical - 88 i s a 2  x 
T o t a l  

Wenty-three non-exempt employment requis i t ions were f i l l e d  during August 
with 22 remamng t o  be f i l l ed .  

Approval was received f r o m  AEC t o  conduct Data Processing, Computing - Fortran, 
Effective Presentation, and Technical Report Writing as evening Company 
Eponsored courses 

Professional Placement. 

Advanced Degree - Four Ph.D. applicants v i s i ted  IIAPO for  employment in t e r -  
views. 
received. 

BS/MS - W i n g  the  month f ive  d i rec t  placement of fe rs  w e r e  extended; two 
acceptances and f ive  reject ions w e r e  received. 
made; one acceptance and four re ject ions were received. 
mmk's end included three d i rec t  placement and six program. 

Three of fe rs  were extended; one acceptance and five re ject ions were 
Current open of fers  t o t a l  two. 

Three program offers  were 
Open offers  at 

1 2 3 0 S S b  UNCLASSIRED 
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Technical Graduate Program - Two Technical Graduates were placed on perma- 
nent assignments; six new members were added to the rolls and four terminated. 
Current program members total 56. 

Technical Information 

Revision Number 1 to the classification guide (HW-74048) covering work done 
for the University of California Lawrence Radiation Laboratory was issued. 

ECONOMIC EVALUATIONS 

An explanation of the cost conversion used in the supplementary cost analysis 
of HW-74304, "Calculated Costs of Fabrication of Plutonium-Ebriched Fuel 
Elements" was prepared for Appendix B of the report. The cost conversion 
consfsfbed of reclassifying about 60 functional costs to variable and fixed 
classifications suitable for input to a computer program for variation o f  
param9ter analysis. 

Substantial progress was made on a broad summary exposition of Nuclear Cost 
Estimating and Electric Utility Economics. 
utility capital requirements and sources of funds, financial structure, 
regulated rate of return, and operating economics were developed. 

mere were no reported audit activities by C&AO Internal Auditing within 
Hanford Laboratories during the month. 

The fairly extensive topics .of 

PROGEIJUFIES 

The Business Systems Development Operation a,nalyst assigned to the Hanford 
Laboratories completed a study of paper work procedures in use in the 
Technical Shops. 
included in a report transmitted to the Ma,nager of Technical Shops. 

His findings and recommendations for improvements are 

FACILITIES ENGINEERIl'?G 

Proj ect s 

At month's end Fgcilities Engineering Operation was responsible for 13 active 
projects having total authorized f'unds in the amount of $2,7@,600. 
total estimated cost of these projects is $9,117,000. 
July 31, 1962 were approxdtely $1,600,000. 

The 
Ekpendftures through 

The following summarizes project activity in August: 

13 Number of authorized projects at month's end ........................ 

UmCIASSIFiED 

1 2 3 0 2 5 1  
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New projects awaiting AEC authorization ............................ 1 
CAE-977, Faci l i ty  for  Radioactive Part ic le  InbLLation Studies 

Prcjecr; proposals complete or nearing completion ------------------- 5 
Addition t o  Radionuclide Fsc i l i t i e s  
300 Area Retention Waste System Expansion 
Addition t o  the 222-U Building 
Neutron Calibration h c i l i t y ,  3745-A Building 
Graphite Machining Shop 

Pages appended t o  t h i s  report provide detailed project s ta tus  information. 

Services 

k tes fac tory  progress was made i n  the engineering services provided on the 
following jobs: 

Equipment procurement valued at  $300,000 including eleven 

306 Buplding Salt Bath m n a c e  Alarms 
300 Area Process Simulation Fsc i l i ty  
Split-half Machine 
Controlled Environment Faci l i ty  
3 U  Building Tank Fann Fire Alarm System 

requisit ions and two special agreements valued at  
$6,2l5 issued during the  month 

Pressye system assistance was provided on: 

EDEL-1 b o p  modffication design 
Quartz glass i r radiat ion capsules 
O U r t z  glass U02 test  section 
Titanium i r radiat ion capsules 
PRTR One Tube bototype loop 
PRTR ion-exchange vessels - 

Plant Engineering e f fo r t  was expended on: 

327 cr i t3 ica l  incident alarm planning 
3760 Display Room l ight ing 
325 Circuit breaker replacement 
325 Vacuum pump replacement 
231-2 Alarm system standardization 

1 2 3 0 8 5 8  
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325 Ceramic Fuels map room l ight ing and e l ec t r i ca l  service 
3702 Proposed vent i la t ion system 
325 Office addition - second f loor  
325 Analytical laboratory glove box in s t a l l a t ion  
308 vent study 

hintenance and Operation 

C o s t s  for July w e r e  $114,976, which represented 77$ of the  anticipated 
expenditure a Enprovement maintenance cost  $2, 000 

The fo3Jowing tabulation sunrma;rizes waste disposal operations: 

July 

Concrete Barrels 2 
Loadluggers 2 
Crib Waste 270,000 gal. 

June 

4 
J, 

300,000 gal. 

- 

Drafiiq 

The equivalent of 182 drawings was produced during the month for an average 
of 2102 man-hours per drawing. 

Major jobs Ln progress we: 
shim rod control, e l ec t r i ca l  resistivity sample holder, s c in t i l l a t i on  
scanner housing, cladding cu t te r  assembly for  PRTR, k r k  I11 borescope, 
glove box and vacuum system, high temperature furnace and fuel element 
spacer former 

280 ton extrusion press, PRlR as-Wil t s ,  PRTR 

Construct ion 

Activity duping the month on construction work under Hanford Iaboratories '  
supervision i s  given below: 

W o r d  Laboratories 
Unexpended 

Ealanc e 

$182 462 Orders outstanding beginning of month 

J. A. Jones Ekpenditures during month 
Issued during the month (inc sup. & adj u7 851 

(inc.  C;O. Costs) 94 627 
Balance at  month's end 205 686 
Orders, closed during month 83 177 
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Maintenance work orders total four with face value totaling $17,245. 

Construction and maintenance activities completed during August included: 

144-F Autopsy room modifications 
309 Analytical laboratory installation 
325 Twenty-five ton air conditioner installation 
326 Service island in Room 6A 
327 Crane wheel and rail replacement 
328 Renovate men's room 
306 Ronnengin water filter installation 

*kr 
Mnance and Administration 

W Sale:whm 
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G E N E R A L  ELECTRIC CO. - Henford 

ESTIMATED TO 

P R O J .  NO. 

FIXED P R I C E  

COST P L U S  F I X E D  f E E  

P L A N T  FORCES 

A R C M I T E C T -  E N G I N E E R  

T ITLE F U N D I N G  

DESIGN E N G I N E E R I N G  O P E R A T I O N  CPFF 5; a;; 
G E  FIELD P N G I N E E R I N G  FP 6.6 13i! 13: 

~ ~ . ~ q , 6 9 . , 7  92 0':. 
SCOPE. PURPOSE. S T A T U S  b PROGRESS 

DATE AUTHORIZED DESIGN 
CONST. DlR. COMP. DATE 

Rspiacemect of faulty ceramic bushing in new heater is progressing. 

F i r s t  gas baring blower rescheduled for test on August 27, 1962. E a r l i e s t  
ampletion date of both units is  now eetlmated to be September 15, 1962. 

Earlies% 
shipment by 9-1-62. 

EST'D. P E R C E N T  C O M P L E T E  COW PL. 
W T ' D .  SCHPD. A C T U A L  DATES CONST. 

* I n i t i d  authorization date w a s  December 18, 1 9 9 .  

E N G I N E E R  DESIGN I 1 

uANPaw E R  A V E R A G E  ACCUM M A N D A Y S  

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

. -- 
TITLE I 

GE-TIT. I I 

A G  TIT. I I 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

100 

IICPFF I I I 
11 FP I T I 

I I 11 I 1 I 
SCOPE. PURPOSE. S T A T U S  h PROGRESS 

I 2 3 0 s b  I 
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SEMI -MONTHLY PROJECT STATUS REPORT 

E S T I M A T E D  T 

DIR. COMb. DAlk  

FIXED P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C M I T E C T -  E N G I N E E R  

DESI  ON ENGINEERING O P . C R A T I O N  

O E  FIELD E N G I N E E R I N G  

6 

.1 

S C O P E ,  P U R P O S E .  S T A T U S  b P R O O R E I S  

This pPcJect w i l l  provide f a c i l i t i e s  for  determining physical and mechanical propertie 
cf frraiUate9 materials, and involves the instal la t ion of a c e l l  i n  the 327 Building. 

Pmert estimate of T i t l e  I and I1 costs - $60,000. 
PmeureIl?eot and construction authorized 9-22-61. 

Nmber of purchase orders required 19 Value (Est.) $253,00o+n 
N-mber o f  purchase orders placed 19 Value 204,220 - 

Tae ~ e l l  delivery is scheduled f o r  September 1, 1962. 

Ins t a l l a t i cn  of  e l ec t r i ca l  conduit below c e l l  floor i s  259 complete. 

P i p b g  is complete. 

+ O r t g b a l  auzhorization for desiep w a s  October 1, 1959. 

H h C h d e E  delivery charges, inspection and contingency. 

# A revision to the construction schedule has been prepared, ref lect ing the late 

Detsiled design started 4-1-60. 

co i l  delivery. 
sEbxLt*&d fir qpmval. 

The percentages are based on the revised schedule which has been 



SEMI - MONTHLY PROJECT STATUS REPORT 

FEO - RW Dascenzo 
M A N P O W E R  A V I R A Q E  ACCLM M A N O A Y S  

2249 7 C I X I O  P R I C E  

8-31-62 DATE Hanford Laboratories GENERAL E L E C T R I C  GO. - 
I F U N D I N G  PR0J .N  0. 1 TITLE 

TITLE I 

GE-TIT.l I 10 L::D 1'?7 
AE-TIT. I I 9 1.32 l*::i 

Tnis prcjecz w i l i  allow greater capacity for analyt ical  work invcLvirLg ?xfiayGs 
mre highly radioactive sclutions and consists of adding a shielded 1abcrator.r '4: 

t ~ e  325 mii?'ng. 

Ccnz.racbr's sompletion date was extended three days until August 29, 1962. 

The major slibcuntracts, except painting, are nearing completion. 

The size has been s tabi l ized and asphalt paving completed. 

Two attempts t o  chlorinate the sprinkler sydem w e r e  unsuccessffrl. 

Mc,s+, of *he f i e l d  +,eats and ATP's  remain t o  be completed. 
l i s t  of 95 i t e e  was prepared. 

T5e labratar;- f a i t w e  has been s e t  i n  place and services are being run *a f*. 

A ;Le-2 w a s  made of all building services except &isti l led water. 

Wcrk Au5mrity No. CAH-866(3), da+ad August 9, 1962 authorized the 3enera.l 
Eiecm:.s Company 83 sdditional $4,000 and increased T i t l e  111 alloeat.Pcn 11: $2T, 'Yp 

* Original authr;riza+:ion for preliminary design was August 12, 1959. 

A preliminary p?la:n 
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GENERAL E L E C T R I C  CO - B a f c r &  L 

E S T I M A T E D  T O  

F I X E D  P R l C  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  

DESI G N  E N G I N E  E R I N  G O P E R A T I O N  

FP (1)l 10 I IO0 103 G E  FIELD E N G I N E E R I N G  

S C O P E .  P U R P O S E .  S T A T U S  h P R O G R E S S  

< f a z ~ 2 t . y  is be used for  fuel rupture behavior studies d,th respect ts 
pl;-sfstL Gsrnrt9r; and rate of f iss ion product release. 

L m p  &s&c tesLs are ic pmgress. 
plsr;t. c x t x z %  molrrpLate except f o r  f i n a l  t i e - h  to PKmz piping. 

Filter plant  acceptance t e s t s  completed. Fil*,fr 

I 

PROJ.  NO. T I T L E  F U N D I N G  

ONST. 8-11-6211 I WT'D. I SCHED. I A C T U A L  I 

c Y I  

A V E R A G E  ACCUM M A N D A Y S  GE-TIT.I I  27 M A N P O W E R  

2660 AE-TIT. I I 83 msl 3 3  F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  
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S T A R T I N G  

FEO - IW Dascenzo 
M A N  POWER A V E R A O E  ACCLM M A N D A Y S  

CIXCD P c I i c e  

coat  PLUS ~ X K D  CLL 

P L A N T  C O R C L S  

A R C M I T E C T -  L N Q I N L E R  

DCSION E N G l N E K R l N Q  O P E R A T I O N  7 A777 

-.  ...- ,, , , ., 
TITLE I ;3c ZpIQ 

- GE-T'T*l I d9 
A€- TIT. I I - 

- 3 3 CONST. 100 

PF 

CPFF 

08 W E L D  E N G I N E E R I N G  

T h i s  pm3ezt is to provide a feci l i ty  t o  perform a f u i l  scope cf e n g k e e r b g  t e s t a  
and pi lo% p i a t  studies associated with fue l  reprocessing concepts. 

I " I  I d  

FP 

A l l  of the 325 drawings have been issued f o r  comment and 200 for approval. 
specifica3lons are 70$ complete. 
no? fn:lu& the w a s t e  calcination work. 

The 
These totals and the abwe per  cenf coniple+,e 2c 

A a e w  project proposal is being prepared to permit demonstration of the w a s t e  
zdzlna t ion  program i n  FRFT. 

* Estimated fmmtruction s t a r t i ng  date for remval o f  burial ground fill. 

wt Original authorization fo r  i n i t i a t ion  of design w a s  February 9, 196i3 .Tunc 29, 
1962 is the authorization date f o r  the iast design supplement. 

WDzcludfng transferred capi ta l  property valued a t  $100,000 ., 

# These Egures are from the approved revised design schedule. 
w a s  necessary due t o  mdif lca t ions  t o  FRPP fo r  the waste. calcination pr?gram. 

of 8 FRET drawings 

The r e s c k e 3 i i ~ g  

m a  A h 3  work f i r lu5es revision of 95 FRPP drawings, 8 new drawings and mrice:ki.t<x 
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F I X E D  P R l C  

TITLE I 
M A N P O W E R  A V E R A G E  A C C W  M A N D A Y S  GE-TIT. I I 

F I X E D  P R I C E  240 E-TrT.11 

240 

150 

.4 30 

6 COST P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

COST P L U S  F l X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T -  ENGINEER - %ray En-eers 
D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

GE F I E L D  E N G I N E E R I N G  

100 100 Lot 

100 

33 100 92 
67 

260 
260 

to 
L J  
0 
c3 

CONST. 

P F  

C P F F  

FP 

100 

I 

* A revise? scheaule is i n  preparation. 

I I I I I 11 
S C O P E .  P U R P O S E ,  S T A T U S  h P R O G R E S S  

T t l c  pr9Jec.t x f l l  provide fac i l i t i es  t o  permit deliberate destructive testing of" 
5.rraCate.i zirconhm tubing. This will provide operating ana tube life Oata nct 
avL:La?Jh becsuse of the limited operating history of Zircaloy-2 pressure tubing 
% rextors a 

A mesting has been requested with the Copnnission to resolve questions devehped 
a: the  X L y  i9 a d  30, 1962 AEC Review Board meetings. 

Nc c h m p  i~ statas since last report .  



COST P L U S  F I X E D  FEE 

P L A N T  C O R C I S  

A R C H I T E C T -  E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

G E  C i E L D  E N G I N E E R I N G  

SCOPE.  P U R P O S E ,  S T A T U S  b PROGRESS 

r.. -LA p;?"i:ee+; provides facLli t ies  for the conduct of corrosion and decmfmks t  
sl,zdies f z t r  nuclear reac+ar coolant systems, by the addition of 2,700 ~ q .  9.. 
bbxa+Kry f a c i l i t y  on the w e s t  side of the 1706-I(E Building. 
acnr?mpllsl=ed by the Bovay Engineers. 

Rcof decking and vent i la t ion enclosure is  under construction. 

Di rc5 ive  NG. AEC-198, MOA. 3, extended the completion date tc i2-31-62. 

* Or:j3gis& acthor%zat<on f o r  design 8-9-61. 

Design wcm 
Current estlmste of T i t l e  I an2 II CCET,S - $11,. . 

I 

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

S C O P E .  P U R P O S E ,  S T A T U S  b PROGRESS 

This prcjec3 will pmvide a closely integrate& "A" Colurrn in se+*es w2t.k. ~ 2 ~ e  1"5- 

3cn,a%eZ "S" Column to permit the development of a mathematical rccdel fr3r :'re n 
Timsfer  cJf uranfm, as well as the exploration of the poss ibf l i t i2s  cf .:'x!pX?~ 
cjp':-kzatLoz of a combined "A-C" extraction bat+&ry. 

3 e k  zazion ;i V" Colurcn is complete. 
M2uzeliarreccls interconnectFcg piping work is : x t k u i n q .  
5stal;s+,icr, mrk is contiming. 

3i& have Seen reviewed and accepted for process stresn teqera5ure  CC:;~~O&~ Z--\;b 
2onfm1, pH zontrol and variable speed drive speed co~';r@l 5.mfrumecfa?fsr. +-E:f?.?= 

J k s t r z s n 5  l ine gutters are h s t a . L e 2 .  
"A" Column fa1 ~ 5 - 3 -  :u--. x. L 

I 
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TEST REACTOR AND AUXI-S OPERATION 

REACTOR DEVELOPMENT - 04 PRWRAM 

PLUTONIUM REXYCIE PROGRAM 

Plutonium Recycle Test Reactor 

Ope rat ion 

Reactor output was 498 MWD f o r  a plant efficiency of 23s and an experimental 
time efficiency of 25.8s. 
August 5 .  The reactor was shut darn again on August 8-9, t o  repair a %O leak 
at  a spare i n l e t  thermowell. Another shutdown occurred August 1.2-16, when the 
d iese l  generator fa i led  t o  start automatically on test. 
t o  borrect helium and D20 leaks and t o  rework three galled helium valve stems. 

A shutdown occurred A u g u s t  21, as a result of excessive leakage of hot %O into 
the waste collection system. 
t o  the low pressure l igh t  water injection s y s t e m .  
after shutdown, a fuel element rupture with gross contamination spread through- 
out the primary system occurred. .Fuel element #5139, a MgO-F'uO test  element i n  
tube 1356, was discharged and v isua l  examination showed a cladding fa i lure  
approximately l* inches .long on an outer fuel rod. 
way at  the end of the month t o  permit decontamination of the primary system. 

Equipment Expe rience 

Mechanical seals on a re f lec tor  pump and a moderator pump were replaced because 
of excessive leakage. 

The outage, which began June 3, continued u n t i l  

The outage was extended 
. 

The source of the %O leakage was at the t i e - in  
Approximately 15 minutes 

' 

Reactor discharge was under- 

Repairs were required on the f'ueling vehicle bridge drive control uni t .  
down was caused by a component failure i n  the current compensator c i rcu i t .  

Break- 

Diff icul t ies  were experienced with s t a r t i ng  of the d iese l  generator. 
analysis indicated a low battery, p i t ted  contacts, insuff ic ient  bat tery recovery 
time between start attempts. 
spection of batteries were inst i tuted.  

Complete 

Circuitry changes and improved procedures for in -  

Extensive repairs were required on both water ch i l l e r  compressors. 

me inf la table  seals  on the thermal ba r r i e r  were replaced when repairs t o  the 
old seals were not possible because of deterioration of the seal material. 

Rework of high pressure helium valves was necessary because of gal l ing between 
s ta in less  s t e e l  stem and bodies. 
led t o  r eEdy  the problem. 

Hardened stems and brass bushings were i n s t a l -  

UNCLASSIFIED 



L Q C L A S S r n  1-2 

Preventive maintenance required 638 manhours o r  E$ of total .  

Imprmmzat Work status (significant items) 

Work Completed : 

Modification t o  deep well pump controls 
Automatic haem t o  filtered water re8erVOir 
Revision t o  DC power for HX-1 l i@d level indicating l i&ts 
hovieion of bottled air backup for emrgency depressurization valve 
Chain barricade for  rotating shield 
F u e l  transfer hois t  p i t  drain 

Work pesrt;ially Completed: 

W e t y  circuit ground an8 low voltage detector 
Outlet nozzle cap modification (now M) 
Fusling vehicle hoiet mclificatlon 
Primary -gem analymr Installation 
Care blanket eyetern piping mobiilcatluna (Interim work co1ppletu) 
Flange6 f o r  6efety relief valves in helium s y t e m  - 85s 
Position indicatirrg,lights for-convection cooling aeeiet valvs 

Design Work Complete&: 

Enlasge chemical feed rystem 
bcontamination f ac i l i t y  

H i g h  preesure helium campreeeor inter-after cooler relief 
Outlet nozzle bracing 
Interlock between charge-discharge machine, ehroud eeat &nil dl8charge hoist 
Control room ventilation rcope 
Third exhaust air activity channel 
he1 transfer eystem modificatione 
Modification t o  temperature alarm and bats. reduction eyetam 

Prbary pump recoraing emmretera 

Additional fuel etorage and exmlnstion 
Oil storage building 
Boiler feed punq! sealr 
C-reseed air eypply revirions 

Procees Ergineeriw and Reactor Phys ice 

Amperage readings of a vspor bound primary puplp were obtained, thereby completing 
PRTR I e E t  No. 17 (Primary Pmp Vapor Bins-). 
amperage was found betmen vapor bound em8 normal -ration. 

lo significant &IfTerence i n  

uNcIJLsSIF.IIED 
, 

I 2 3 0 8 ? 2  



A review of t e s t  data t o  determine the minimum cooling a i r  available t o  a fuel 
element i n  the fuel element examination fac i l i ty  regardless of placement of 
the e l e e n t  was begun. 

Duringthe month, valuable experience was gained with the rupture monitor 
system, 
observed prior t o  8/21. 
W i l l  be reduced by design changes now being studied. 

h i n g  these bursts and during the 8/21 rupture, exceptional sensitivity vas 
noticed in  the channel which monitored tube 1356, which contained the MgQ-Pu02 
rupture element. 
instmr,t sensitivity than the others o r  by the monitoring of the particular 
tubs contaking  the defective fuel elel.Pent. 

Definite fission product bursts and a high background count rate were 
The high background count rate, predicted earlier,  

This high sensit ivity may have been caused by either a higher 

Procedures 

Revised -rating Rocedures issued 
Revised Operating Standards issued 
Temporary Deviations t o  @rating Standards issued 
Revised Process Specifications accepted for  use 
Maintenance Manursls issued 

Apprmd for as -bui It 
Ready fcx approval 30 
I n  W i n g  23 
VQided 76 

D r a m  &-built S t a t -  

chage requi=d 

18 
4 
2 
0 
0 

Schedulsd f a r  review 

Personnel Training 
Qmlification subjects 210 IrlanhOUTB 
Specificstiom, Standards, Procedures 70 
Fueling Vehicle 0 

e80 IIlBnhouTs 

If 

Stat:= of Qualified Personnel at  Month-end 
Qualified Reactor Engineers 
&ovisionslly Qualified Reactor Engineers 
Qualiffed 'Technician8 
Qualified Technologists 
Pt-avisionally Qualified Technologists 

10 
1 
6 

19 
2 

1 2 3 0 3 7 3  



1-4 HW-74813 

Pliltoni-sn Recyele Crit.ical Fac i l i ty  

A X i i t i & . l  d i f f icu l ty  wa.6 encountered with safety rod sticking. 
and s-dbsequent tes t ing  indicated sat isfactory operation. 
test., i n  which a fu l l  moderator load of H20 was duuped through the dump valve 
i n w  the c e l l  was completed. 
e l ec t s i aa l  e q u i p n t  sdlPerged. 
nor other d i f f i cu l t i e s  were'observed. 
snd Etored i n  the F'RCF ce l l .  

Repair work 
A moderator dumrp 

The c e l l  remained flooded f o r  24 hours with 
No ef fec t  on e l ec t r i ca l  equipment or c i rcu i t s  

Thirty Pu-U f'uel elements were received 

Work =E s t e e d  on an interlock t o  prevent loss of transfer lock seal air on 
loss of process water pressure and work was completed on ins ta l la t ion  of the 
backup air stupply. 
remove an interlock from the safety rod s y s t e m  t o  permit operation. 
mti;nhouss were devoted t o  training. 

Design was completed t o  permit individual rad drops and t o  
FourteeE 

Fuel - Element Rupture Tbst Fac i l i ty  

Project Status (Pro,ject CAH-862) 

Construct.ion is 994 complete. 
1962> w i t h  exceptions. 
ment tests were 905 complete. 
ing f m m  hazards analyses and t e s t ing  were started. 

The' water plant WEE c o q l e t e d  August 10, 
Elec t r ica l  design tests were completed and instru- 

Design analysis of revisions needed resat-  

Ope rat ion 

Revisions t o  the technical manual were campleted. 
preparation of operating procedures and qualification questions. 
devoted t o  t ra in ing  totaled 154. 

Work continued on 
Hovrs 

Water quality limits f o r  the f i l t e r  plant were established. 

G3 C O O 5  POWER FIEACTOR PROGRAM 

A.3 jec t  Status ( h o  j ec t  c;AH-822) 

me project is 915 complete. 
the heater. 
s ceramic bushing a t  a pneumatic pressure of lo00 psi.  

Activities were dehyed pending receipt of 
Heater tes t ing  at  the vendor's shop resulted i n  failure of 

E l ~ w e r  t es t ing  continued t o  result i n  various d i f f i cu l t i e s .  
w&s again scheduled f o r  month-end a t  the vendor's plant.  

Final t e s t ing  

Work was p e r f o m d  on punch list items. 

Operation 

Distribution of operating procedures is  14$ ccrmplete. Ninety manhours 
were devoted t o  training. 

1 2 3 0 8 1 4  
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T E m C A L  SHOPS O p E m c r I r n  

Total prductive time for the period vas 20,124 hours. 
hours performed i n  the Technical Shops, 3,339 hours assigned t o  Minor Construc- 
tion, 2,714 hours assigned t o  of f -s i te  vendors, and 270 hours t o  other project 
shops. Total shop backlog is 19,737 hours, of which 70 percent is required 
in  the current month with the reminder distributed over a three-month period. 
OvertiIm? hours worked during the month was 5.3 percent (1,052) of the to t a l  
available hours. 

This includes 13,801 

Distributtion of tiE was as follows: 

Manhours $ of Total 

-1s Preparation Department 3 738 18.575 

Chemical Processing Ikpa;rtment 766 3 82% 

Construction Engineering and Utilities 2 

Irradiation Processing Ikpartment 2 873 14 . 28$ 

W o r d  Iaboratories Operation = 745 63*33$ - . 

Requests for  emergency service increased slightly from the previous month, but 
Within a level which is considered normal for t h i s  operation. 

-ger 
Test Reactor and Auxiliaries 

WD Richmond:bk 
September 13, 1962 
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INVENTIONS OR DISCOVERIES 

A l l  persons engaged in work that might reasonably be expected to 
resul t  in inventions o r  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 tnis repor t  except as listed below. 
persons further advise that, for the period therein covered by this report ,  
notebook records,  i f  any, kept in the course of their  work have been 
examined for possible inventions or discoveries.  

Such 

INVENTOR 

R. J. Her;lr,;,g 
J. C . h o x  
R . / d  Hennig 
R. J. Hennig 
I- 

F. R. Zaloudek and 
T. H, Quinn (IPD) 
J. C.  Spanner 

J. T.  Russell  
H. L. Libby 

L. C. Amos 
A. C. Leaf 

TITLE OF INVENTION OR DISCOVERY 

Pump Vanes 
Nuclear Reactor Control 
Nuclear Reactors  
Nuclear Reactors Cooles and /o r  
Moderated with Deuterated Organic 
Compounds 
A Means to Add Algabraically a Number 
of Nonfloating Voltages 
HWIR-1540, A Hall Effect Magnetom- 
e te r  for  the Nondestructive Test.;ng 
of Steel 
HWIR- 1549, Radiation Dose Meters 
HWIR- 1548, Eddy Current, Nondestructive 
Testing Device with Graphical Nulling 
Fea ture  
Cyclone Separators  
The Solvent Extraction of the Cerlc  
Nitrato Complex from Mixed FIssson 
Product Waste into a Ter t ia ry  Am-ne 
Using Potassium Dizhromate as an 
Oxidant 

Manager, Hanford Laboratories 
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