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BUDGET AND COST SUMMARY 
- 

Apri l  operating costs  totaled $2,553,000, an  inc rease  of $73,000 
over the previous month; f i sca l  year-to-date costs are $23,709,000 o r  7770 
of the $30,857,000 control budget. Hanford Laborator ies '  r e s e a r c h  and 
development costs for Apri l  compared with last month and the control budget 
are shown below: 

(Dollars in 
thousands ) 

HL Programs  
02 Program 
03 Program 
04 Program 
05 P rogram 
06 Program 
08 Program 

NRD Sponsored 
IPD Sponsored 
CPD Sponsored 
F P D  Sponsored 

Total  

- ~ ~~ 

Cur rent  
Month 

$ 87 
27 

1012 
128 
254 
21 

1529 
186 
70 
96 - -  

C O S T  
Previous 

Month 

$ 70 
24 

1026 
132 
24 1 
16 

1509 
180 
59 

111 - -  

F Y  
To Date 

$ 745 
118 

9 768 
1064 
2 567 

57 
14 319 

903 
766 

1167 
493 

Budget 

$ 1069 
175 

12 718 
1 3 5 3  
3 154 

97 
18 566 
1 270 
932 

1421 
493 

$1 881 
~ 

$1 859 $17 648 $22 682 

RESEARCH AND DEVELOPMENT 

70 
Spent 

70 
67 
77 
79 
81 
59 
77 
71 
82 
82 
100 
7 870 

- 

- 

1. Reactor  and Fuels  

The effects of s e v e r a l  hundred ppm phosphorus impurity in uranium 
on the uranium structure ,  clad t o  co re  bonds, b raze  to  c o r e  bonds, and 
fabrication.have been experimentally studied. No detr imental  effects have 
been observed t o  date. 

Volume increase  resul t ing from g ra in  boundary tear ing  in  uranium 
under irradiation is being studied in Hanford I&E fuel elements.  Tes t  
elements i r radiated to 1000 Mwd/ton with a maximum fuel temperature  of 
400 C have shown no visual changes; irradiation is being continued. 



.- 
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Fluted, single-tube N-Reactor fuel elements designed to accom- 
_ a  

modate substantial  swelling of uranium are now in their  third cycle of irra- 
diation in  the ETR.  An N inner-size fluted element has  sustained a 3% 
volume increase  without difficulty and is being further irradiated.  

- 

. 
.d Clad thinning is being studied in  a series of Zircaloy-2 clad uranium - 

rods  being i r radiated in  NaK capsules. Nine capsules have been discharged 
at 1100 Mwd/ton for  examination to  determine irradiation goals fo r  the 
remaining capsules. 

Y 

Design studies of shaped end caps for  N-Reactor fuel element closures 
indicate that a major reduction in stress levels can be obtained with properly 
contoured end caps. 

The exposed braze layer  of a self-brazed closure has withstood 100 
days of exposure in a high temperature  test loop without apparent attack. 
Two lots of elements with self-brazed closures  for  a n  N-Reactor production 
test are in the final s tages  of preparation. 

4 

Fur the r  development of the hot-headed closure has virtually eliminated 
the previously existing joint crevice; the immersion copper plating procedure 
has been improved; and the four r ing projection weld cap  has produced sound 
welds with bonded interfacial  areas. 

Damage to  N-Reactor process tubes by wear  of fuel element supports 
a f te r  five simulated charging operations (with intervening autoclaving between 
each charging operation) has scratched tubes to  a maximum depth of 1 . 7  

mils.  Average wear  for  the last scratching cycle w a s  0.3 mil. Wear  occurred 
only after deliberately s ta r t ing  the scratching process.  

Multiproduct fuel element development is proceeding with the fabrica- 
tion of 2 1  experimental  lithium-aluminum target co res  jacketed in  aluminum. 
Eleven of these are being directly canned in Zircaloy-4 and the remaining 
10 will  be anodized before Zircaloy-4 canning. 

-- 1 1 0 3 2 0 2  
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Teat  fabrication of N-Reactor fuel element supports continued; sub- 

stantial  amounts of this work wil l  be t ransfer red  to NRD in the near  future. 

A high temperature  induction furnace is being operated at  tempera-  
t u r e s  in excess  of 3000 C using a newly designed magnetic flux concentrator. 

A Zircaloy-2 clad heater  rod assembly exposed to  simulated 
2 N-Reactor coolant at a heat flux of 280,000 Btu/(hr)(ft  ) for  143 days 

showed extensive corrosion and oxide sca le  formation in crevices .  

The first instances of significant crud deposition on Zircaloy-clad 
fuel elements operating in high pH water  were noted in recent  KER tes t s  
1 and 2. 
recently cleaned loops. 

These depositions may be related to  off-standard water quality o r  

No effect of heat t reatment  on the corrosion of Zircaloy-2 exposed 
to  360 C, pH 10 (LiOH) deoxygenated water w a s  observed after 2 weeks of 
exposure. 
fraction w a s  higher for beta than alpha heat t reated samples .  

However, it was noted that the pretransit ion hydrogen pickup 

Testing of NH40H as a substitute for LiOH for  pH control in N-Reactor 
continued. In out -of-reactor  tes t s ,  corrosion r a t e s  of N-Reactor coolant 
system s t ruc tu ra l  mater ia l s  were  no grea te r  in NH40H treated water than in 
LiOH treated water  at pH 10. 

Studies to  evaluate fretting tendencies of N-Reactor fuel elements 
continued; different spr ing supports and external  vibration frequencies were 
used. 

Evaluation of the Hays dissolved oxygen analyzer with influent 
s t r e a m s  containing dissolved oxygen and hydrazine demonstrated that the 
analyzer can measure  oxygen concentration accurately when hydrazine is 
present.  This instrument wil l  be used on N-Reactor water.  

A newly developed decontamination procedure, the use of alkaline 
permanganate followed by sulfamic acid, was recommended for  decontamina- 
t ion of an ETR loop and performed well. 

DECLASS I F1 ED 
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To quicken rupture,  stress rupture  tests on N-Reactor process  tube 
sections have recently been conducted at temperatures  up to  400 C. The 
Larson-Miller parameter  was then used t o  es t imate  time t o  rupture at 
lower temperatures  for  the s a m e  stress level. By this means, a rupture 
t ime  of 20 y e a r s  may be predicted for  3070 cold-worked N-Reactor tubing 
at 300 C and a hoop stress of 48,000 psi. Operating N-Reactor loop stress 
is only about 12,000 psi. 

The effects of high flow rates of water  on aluminum have been s im-  
ulated by spinning aluminum discs  in  water at velocities up to  72  fps. Sub- 
stantial  erosion-corrosion attack is achieved at the outer per imeter  of 
d i scs  in 95 C, 300-Area water.  
observed on introduction of dichromate. 

Definite changes in the type of attack are 

Monitoring of graphite in  KW-Reactor f rom December 1962 to  April  
1963 disclosed the very low average burnout rate of 1.570 per  1000 operating 
days at positions in the reac tor  normally associated with peak burnout ra tes .  

Pre l iminary  information has been obtained from analog and digital 
computer programs which shows the expected gas composition fo r  a reac tor  
t r ave r se  as a function of entry composition. The calculated values Qf initial 
water  content for  burnout rates of 2, 3, and 470 per  1000 operating days 
were,  respectively, 0.47, 0.71, and 0.94 mm. 

Capsule H-5-2 of the N-Reactor graphite long t e r m  irradiation 
series was removed from the GETR after 5 cycles of irradiation. Cumula- 
t ive exposure, estimated at 5 x 1021 nvt (E > 0.18 Mev), has  been obtained 
on some of the  samples.  Sample H-4-3 was installed in the reac tor  and 
sample H-6-2 continues to operate satisfactorily. 

Flow tests to determine the effect of a broken spline lodged in a 
K-Reactor outlet nozzle were  performed. 
the perforated plate t o  cover the collection channel leading to the nozzle 
elbow would decrease  the p re s su re  drop  a c r o s s  the nozzle if a broken spline 
becomes lodged over the outlet channel. 

Tests indicated that the use  of 
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Empir ica l  correlations which descr ibe much of the boiling burnout 
experiments on the N-Reactor fuel element obtained in the Heat Transfer  
Laboratory have been formulated. The accuracy of these correlat ions is 
generally & 10% over the range of conditions considered. 

Improvement of the MAC computer code for  solving shielding 
attenuation problems has begun. 
and ultimately simplify input-output so that the code may be more  widely 
used. 

This wi l l  co r rec t  minor discrepancies 

Design and fabrication of the PRTR second generation mechanical 
shim rod continued. A new f i rs t -generat ion PRTR shim rod has been 
operated in the environmental tes t  facility for  11 days. 
single control element has been observed during testing. 

Coasting of the 

Corrosion coupons placed in the secondary s ide of the main steam. 
generator (HX-1) of PRTR in June 1961 have been periodically examined 
s ince their  installation. There  a r e  no indications of c r acks  o r  local  co r ro -  
sion on AIS1 304 SS specimens.  Carbon s tee l  coupons corrode initially in a 
relatively rapid manner, but subsequent corrosion is minor.  
8 mi ls  deep has been observed on carbon steel .  

Pitting up to 

The first U 0 2  -PuOz fuel  c luster  containing recyc led  PRTR plutonium 
w a s  completed and another is in process.  

Conditions were determined fo r  producing uniform phys ic a1 mixtures 
of U 0 2 - P u 0 2  in fuel rods by bottle loading. Good l inear  correlat ion was  
found between a gamma scan  of a U02-Pu02 fuel rod and known plutonium 
concentrations in the rod. 

Specifications were writ ten for off-site fabrication of the top and 
bottom end brackets of the PRTR 19-rod clusters .  

Destructive examination of a coqcentric tubular PRTR fuel element 
after 1360 Mwd/tonU indicated that internal  gas p re s su re  should cause no 
problem on exposure to design exposure level. 

DECLASSIFIED 
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Destructive examination of two vibrationally compacted UO, -Pu02 , 
PRTR Mark I elements that  failed during operation revealed br i t t le  
Zircaloy-2 f rac ture  and loss of a sma l l  plug of Zircaloy-2 in each case. 
The fai lures  seem associated with cladding faults r a the r  than with fuel cladding 
-interactions, plutonium segregation, o r  local  overheating of the cladding. 

Routine examination of PRTR test element 1082 (hot swaged U02)  in 
the FEEF disclosed a seve re  longitudinal sc ra tch  on an outer fuel rod. The 
element wi l l  be refurbished by removing the outer wi re  wrap, replacing the 
scratched rod, and installing circumferential  wi re  bands. Inspection and 
ring gaging of fuel elements in  the PRTR basin indicates 10 t o  20% of the 
elements need some type of maintenance. Bent pins and white corrosion 
spots  are the most common difficulties. 

Work s ta r ted  on installation of additional vibrational compaction 
facilities for  fabrication of EBWR fuel. Performance of the double can 
container assembly being developed for  impaction of U02-2 .  5 wt% P u 0 2  
fo r  EBWR was improved by inserting a mild s t ee l  oxygen getter between the 
inner and outer cans. 
U02-Pu02  were  prepared for  irradiation at power generations prototypic of 
EBWR fuel rods .  
impacted U02-Pu02 w e r e  successfully i r radiated in the MTR to cy 1000 
Mwd/tonfuel at surface heat fluxes -900, 000 Btu/(hr)(ft  1. 

Test  capsules containing high-energy-rate impacted 

Two capsules containing the first high-energy-rate 

2 

Continued out-of - reac tor  tests (47 days at  PRTR coolant conditions) 
of a ring-contact end fixture on a PRTR Mark I fuel element caused no wear  
o r  frett ing corrosion. 

Essentially no grain growth was observed in magnetic force resis tance 
welds on beryllium supplied by France  and Oak Ridge. 

High density (>99oJ0 TD) uo2-25  wt% P u 0 2  was produced by arc-melting 
pressed  pellets under 1 a tm of argon. 
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* - High-energy-rate impaction techniques were  used t o  impact spec-  
imens of PUN, PuN-W cermet ,  and Pu02.  This is the first t ime it has  been 

- possible to produce high density PUN without P u  metal  inclusions. a 

- 
- Approximately 60% loss  of mater ia l  occurred during heating of PuN- 

50 vol% A1N pellets in flowing helium for  12 hours at 1700 C. PUo2-50 vol% 

at 1600 C. 

4 

* A1N pellets lost  about 2570 of their  mass  af ter  heating in  helium for 8 hours 

Selective loss  of plutonium from molten UC-2 wt% PuC w a s  observed. 
The electr ical  resist ivity of 37.2 at. 70 C, a rc -cas t  PuC abruptly decreases  
at temperatures  of 500 to 550 C. 

Four  tes t  capsules containing various geometr ical  combinations of 
1/2-inch diameter  single and polycrystalline U 0 2  pellets were  discharged 
after irradiation to  - 1000 Mwd/tonfuel at sur face  heat fluxes of -800, 000 

n 

Btu/(hr)(ft'). 

Single c rys ta l  U 0 2  was found to  be significantly m o r e  t ransparent  
than polycrystalline U 0 2  in  the infrared at wavelengths g rea t e r  than 1.0 p. 

U 0 2  single c rys ta l  spheres  and 30 kg of high-energy-rate impacted 
U 0 2  were  prepared and character ized for shipment to  Euratom. 

I Uranium meta l  shot and phosphorous were  reac ted  t o  produce uranium 
phosphide. Pre l iminary  data indicate a melting point of 1900 i 50 C. 

Dense aluminum nitride, AlN, was formed by high-energy-rate 
impaction. Four  -inch diameter ,  solid c e r m e t  discs  approximately 1 inch 
thick were ' fabr icated for  u se  as mechanical property samples .  A U 0 2 -  
tungsten c e r m e t  with only a ve ry  sma l l  amount of the meta l  phase was 
formed by impaction of tungsten coated U 0 2  particles. A technique for  the 
encapsulation of c e r m e t s  simultaneously with the impaction of the ce rme t  
was developed. Six ce rme t  fuel specimens,  two Mo-U02 and two Mo-UN 
ce rme t s  clad in Mo, and one W-UOz and one W-Un ce rme t  clad in W, w e r e  
fabricated for  irradiation at NRTS. 

I f . 0 3 2 0 1  
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Work continued on four different plutonium fuels for  special  test 
p u r p p e s .  Over 100 fuel rods  w e r e  made involving extrusion, coextrusion, 
and pelletizing fabrication processes .  

An 800 psi  tensile loaded graphite c r e e p  sample was installed in  
E T R  and is operating successfully. 

3 

L 

Oxidation studies of Hastelloy-C in  1000 C air and 25 mm O2 indicate 
the rate of weight gain is initially p re s su re  dependent but becomes independent 

The low exposure irradiation testing at 320 and 540 C of graphite 
containing boron carbide showed damage greatly exceeding that expected 
f o r  unboronated graphite, an  effect undoubtedly a r i s ing  from irradiation 
effects of the n, alpha reaction on boron. 

The irradiation induced decomposition of carbon monoxide was 
studied at 550 C and under p re s su res  ranging from 1 to  18 atm. The over-  
all stoichiometry was 5 CO + 2 C 0 2  + solids which are believed to  be carbon 
suboxides. 

Electron microscopic examination of graphite, made f rom natural  
flake filler and coal tar pitch binder, before and after irradiation disclosed 
a s t ruc ture  not observed in coke graphite. 

F o r  the first t ime i n  Hanford tes ts ,  aluminum coupons exposed at 
high temperature  conditions (H-1 Loop at 290 C, pH 7.9) fo r  45 days showed 
about 5070 lower in-reactor  corrosion rates than the out-of-reactor control 
pieces, probably due to  the deposited crud film. The corrosion rates of 
the out -of-reactor samples  appeared to  be velocity-dependent and were  high 
(1-3 mils/month) as would be expected in water  at this pH. 

An increase  in the AT of deionized water,  f rom 8 . to  61 C, as it 
c i rculates  through a n  out-of-reactor nonisothermal loop has increased alu- 
minum corrosion up to  a factor  of 2. The maximum effect was observed 
with upstream samples;  downstream samples  in the specimen holder were  
'little affected by the temperature  drop ac ross  the system. 

of oxygen p res su re  after about 10 hours. - - .  . :.. ', 
w 1 
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- -  Pipe sections in the as -received, strained, and ruptured conditions 
w e r e  heated to  2100 F with an alternating cur ren t  through the pipe length to 
determine the effects of s t ra ined conditions on temperature  uniformity. 
Initial tes t  resu l t s  indicate that temperatures  were uniform in all three  
conditions. Pipe resis tance to  the flow of e lectr ical  cur ren t  may prove to  

a 

. 
- 
4 be a quick, simple,  and relatively inexpensive way to  heat pipe for high 

temperature  burs t  test  work. 

F r a c t u r e  studies of notched Zircaloy-2 specimens containing 2370 
cold work and tes ted in slow bending showed that a t ransi t ion from ductile 
to brit t le f rac ture  occurs at -80 C. Electron microscopy.of f rac ture  
sur faces  has revealed a distinctive crystall ine feature  below -80 C which 
may be associated with the transition. 

In a series of tests to  determine the s t r e s s  dependency of c reep  on 
Zircaloy-2 during irradiation, 2000 hours have been accumulated in a tes t  
at 20,000 psi  s t r e s s  and 350 C on 2070 cold-worked Zircaloy-2. 
r a t e  a t  1700 hours was determined to  be 1.8 x 
the out-of-reactor ra te  but slightly more  than the rate during reac tor  outage. 
The la t ter  difference in r a t e s  during reac tor  operation and shutdown does 
not agree  with previous observations. Fu r the r  tes t s  w i l l  be made to  de t e r -  
mine if this is due to s t r e s s  dependency. 

The c reep  
in. /in. /hr ,  l ess  than 

L 

1 

. 

Thin foils of iron have been successfully deformed on the Instron 
testing machine and subsequently thinned and examined by electron t r a n s  - 
mission microscopy. A foil deformed 570 was observed to  have many dis-  
location tangles but no indication of pile-ups, an important observation in 
view of the emphasis placed on dislocation pile-ups in many of the older 
theories  of yielding in iron. 

Welds of the superalloy candidates for  use in the model ATR high 
temperature  gas loop a r e  being subjected to  s t r e s s  rupture  tes t s  at 1800 F. 
Joints of Hastelloy X and Haynes alloy 25 welded to  themselves and to  each 

I 1 0 3 2 0 9  
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other  are being tested. Thus far, the s t rengths  of the welded specimens 
have been higher than those of the base metals as given in  the published 
l i terature .  

Experiments were made to  determine the effect of helium on the 
high temperature  heat t ransfer  properties of insulations. At  2000 F the 
thermal  conductivity through a cross-sect ion of Fiberfrax in 1 atm of 
helium was 600% greater  than through Fiber f rax  evacuated to  28 inches 
mercury.  

A single c rys ta l  rod of molybdenum with a [lll] rod axis has been 
grown by seeding in the electron beam zone-refining apparatus. Growth of 
the seeded rod began at a (111) face cut on the seed crystal .  The success  
of the seeding technique makes available any d e s k e d  crys ta l  orientation for  
future experiments. 

An annealing chamber for  low temperature  isochronal and isothermal 
annealing t reatments  has been assembled and tested. This  device will facili- 
itate the study of low temperature  recovery in the range -190 to  0 C. 
been found possible with this device to  control temperatures  within 1 C and 
maintain constant temperatures  over extended periods of time. 

@iJ 

It  has 

" Q 

Quenching treatments have been c a r r i e d  our on 0.003-inch diameter 
nickel w i re .  Quenching rates of > 5000 C /sec have been attained. The 
quenched nickel is expected to  contain a high concentration of single vacancies 
o r  s imple vacancy complexes. 

Foils of molybdenum containing c 10 ppm carbon and 100 ppm carbon 
which had been irradiated to lo1* and lo1' nvt (fast) have been s t ra ined 
1-270. Foi l8  irradiated to  lo1' nvt became severely cracked; dislocation 
motions were  confined to  channels. Samples which had been i r radiated to  
10l8 nvt exhibited considerable ductility and did not c rack  after 2-370 strain.  

Three  coextruded Zircaloy-2-clad Th-U fuel elements are now being 
i r radiat ion tes ted in the ETR. 
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- Two thorium specimens i r radiated to  burnups of 0.18 and 0.92 at.% 
at e 300 C successfully completed the 100-hour vacuum anneal at 750 C .  No 
visual evidence of damage was  observed. The samples a r e  now being processed 

for metallography, hardness,  and density. 

Thorium-uranium tensile specimens i r radiated from 0.5 to 1 .5  at. 70 
burnup a t  e300 C were recovered from NaK capsules and their  densit ies 
determined. No change in density ockurred. Room temperature  tensi le  
t e s t s  wil l  be conducted and the broken ends processed for  hardness,  density, 
and metallography. 

The uranium-uranium interface in a dual enriched uranium rod could 
no longer be detected after annealing at 950 C for  100 hours.  This is in 
s h a r p  contrast  to the pronounced interface that existed af ter  all lower tem-  
pera ture  annealing t reatments  and suggests that oxides have ei ther  decomposed 
o r  gone into solution. 

A total  of 24 inches of high purity rhenium single c rys ta l s  has been 
obtained. Orientations a r e  being determined. Single c rys ta l s  have been 
successfully grown from polycrystalline rods by zone melting. 

F ina l  Fast Supercr i t ical  Pressure Power Reactor co re  dimensions 
were  established for the two moderator region core  chosen las t  month. 
Slight plutonium enrichment is being incorporated in the flux t r ap  absorber  
zones to flatten power peaking during life. Initial burnup calculations show 
a reactivity gain of 0.3% Ak in the initial 3 years  of c o r e  life. 

A dome s e a l  is being evaluated for  possible use by AECL. In initial 

t e s t s  slower heat-up ra tes  during thermal  cycle testing of the dome s e a l  has 
reduced previously observed dome deformation. 

The experiments undertaken to  determine the two phase ( s team-  
water)  p re s su re  drop in standard commercial  piping and fittings w e r e  
concluded. 
and flow rates of 1.0, 2.0, 3.0, and 4.0 x 10 lb/hr / f t  , and s team 

Data w e r e  obtained at p re s su res  of 800, 1200, and 1600 psia, 
6 2 

DECLASSIFIED 
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qualities up to  25% by weight were  considered. Pre l iminary  examination of 
the data has indicated that the two phase pressure  drop  in  the various fittings 
considered were  in many cases significantly lower than the values predicted 
by the  Martinelli-Nelson two phase p re s su re  drop correlation. 

Experiments were s ta r ted  under the AEC IAECL Cqoperative P r o -  
g ram to  define the boiling burnout heat flux fo r  a 19-rod cluster  fuel 
element cooled by s team -water mixtures (fog cooling). The boiling burnout 
heat fluxes obtained in  the intital seven experiments w e r e  inconsistent with 
earlier data and exhibited erratic trends.  
Part  to  possible coolant flow instability in the inlet piping to  the test section. 

2. Physics and Instruments 

This behavior was attributed in 

In support of N-Reactor, an exponential pile measurement  was made 
of the strength of a spline in  a water  filled c r o s s  coolant tube. The strength 

was about one-fifteenth that of a horizontal control rod in the same  position. 

Preparations were under way for  measuring absolute k, values for 
KVNS fuel pieces in zirconium process  tubing in  support of the retubing of 
K-Reactors. 

Portions of the N-Reactor instrumentation system a r e  being tested 
i n  conjunction with other interested HAP0 groups. *Main emphasis t o  date 
has  been on the slow gamma scan  instrumentation. 

N-Reactor simulation studies are continuing with a single-node, s ix  
delayed group investigation of reactivity, inlet water, and fuel metal  tem- 
perature,  power rate of change and other reac tor  parameters .  P r e s s u r i z e r  
and injection pump simulation studies are complete. 

In the Cr i t ica l  M a s s  Laboratory, experiments were  performed with ' 

plutonium-nitrate solutions in  an 11.5-inch diameter  water  reflected sphere.  
Experiments were  to  study the relationship between critical concentration 
and the ni t ra te  content. 
critical was 8 6  g/1 in a 0.2M solution. 

The lowest plutonium concentration which would go 

- 
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In conjunction with the above experiments,  measurements were  made 
to determine the lifetime of neutrons in the plutonium nitrate solution and to 
es t imate  keff for cases  where the sphere  was  partially filled. The lifetime 
was 19 psec. The effective neutron multiplication constant of the solution 
was  determined as a function of the amount of solution in the sphere.  When 
the sphere contained about 60% of the critical volume, the effective multi- 
plication constant was  0.94. 
pulsed neutron techniques can be used to  determine the safety of in-plant 
processing equipment. 

This work is of interest  in evaluating whether 

Measurements of the inelastic sca t te r ing  of slow neutrons from light 
water  at 95 C continued during the month. Measurements have been made for 
eight different values of neutron energy changes. This  work is needed to 

determine the effect of water  on shifting the neutron energy spectrum in 
reac tors .  

- -  .. 

-Development continued on an apparatus to measure  slow neutron 
inelastic sca t te r ing  by t ime -of -flight techniques. 

Measurements were made of total c r o s s  section for neutrons of 3 to 
15 Mev for samples  of 14  elements. These included the first Hanford 
measurements  on manganese, selenium, and tellucium. 

Studies were  ca r r i ed  out in the PCTR using a 19-rod c lus te r  of Pu-A1 
in  a 6.5-inch graphite lattice. 
date in a program designed to  study the effect of the neutron spectrum on the 
reac tor  physics properties of Pu-A1 fuel containing 20. 6% Pu 

This is the tightest lattice spacing used to 

240 . 
St&tup experiments in the Plutonium Recycle Cr i t ica l  Faci l i t ies  

continued during the month with power level calibrations, and measure-  
ments of neutron. flux distributions, moderator level coefficients, and control 
and safety rod worths. The safety rod system w a s  worth about one-half the 
value required by the P rocess  Specifications. Relocation of the safety rods 
c loser  to the center  of the reac tor  corrected this deficiency. 

DECLASSI FfED 
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A new series of approach-to-crit ical  experiments was begun using 
0.5-inch diameter  Pu-A1 fuel rods in light water  lattices. The rods contain 
2 wt% plutonium containing 16% P u ~ ~ O .  This is a higher Pu240 content than 
previously used and is c loser  t o  the kind of isotopic content which might be 
used in power reactors .  The lattice spacing being used in  the first experi-  
ment in  the series is 0.66 inch center-to-center,  The rods  are arranged 
i n  a hexagonal pattern, This  is about as tight a lattice as is feasible. 

Prel iminary resul ts  on measurements of the spectrum in the ARMF 
have been received. These resu l t s  are needed to  interpret  experiments 
previously performed in which Pu-A1 fuel capsules were  i r radiated in the 
MTR and subsequently measured in the ARMF. 

Comparisons were  made of the calculated flux in the PRTR, 19-rod 
cluster ,  natural  uranium fuel element using three t ransport  theory codes, 
12, double S2, and P3. While the result ing calculated thermal  utilization 
factors  agreed within 0.370 of each other, the I2 and double S2  gave a more 
reasonable flux distribution in  the central  rod. 

The one -dimensional, multienergy group t ranspor t  theory code is 
being used to  calculate the flux spectrum in plutonium-fueled rods.  The 
effects of the P u  23g-0. 3 ev, and the p ~ ~ ~ O - 1  ev resonances are being deter-  
mined. Severa l  successful cases were  r u n  during the month. 

The ALTHAEA-MELEAGER code is being changed so  that effective 

The CALX 
resonance integrals show the effect of all isotopes r a the r  than being restr ic ted 
to  indicating the self-shielding effects as was done previously. 
program will  now perform endpoint searches  in t ime, and wi l l  s top properly 
when the reactivity falls below a cer ta in  value. Work continued on other code 
development work. 

A substantial par t  of the comparison study of U02, Pu02,  and PUN as  
fuels for  small ,  compact, fast reac tors  is complete. 
give marked decreases  in core  volume and weights with the PUN fueled core 
being the lightest and smal les t  of the three.  

The plutonium fuels 

1 1 0 3 2 1 4  
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Some resul ts  on temperature  coefficient studies on Phoenix fuel 
reac tors  have been obtained. The average temperature  coefficients over a 
68 t o  500 F temperature  range are all very strongly negative (-2.0 x 
A K / T ) ,  but are not a s t rong  function of Pu2*0 content neglecting Doppler 
broadening. This effect is being treated separately.  

The Project  Proposal for  design funds for  the HTLTR has been 
forwarded to the Atomic Energy Commission for  approval. (This w a s  
approved by the RLOO-AEC on May 3, 1963). A draft  of the design c r i t e r i a  
for  the HTLTR has been reviewed and comments have been made f o r  incor- 
poration in the final design c r i te r ia .  

Development of regenerating neutron flux detectors is continuing 
with the postirradiation analysis of plutonium, uranium, and cobalt samples 
recently i r radiated in KE facility. Prel iminary values of the cadmium rat io  

and the spec t ra l  parameter ,  r, have been obtained from reactivity measure-  
ments of the cobalt sample. M a s s  spectrometer  analysis of the other 
samples  are planned for the near  future. 

Development of microwave methods of in-reactor  monitoring of 
neutron flux has been reactivated. First attempts w i l l  be  made to correlate  
flux level with microwave attenuation. 

Effor ts  t o  extend operation of the multiparameter eddy cur ren t  
tester to  four parameters  are meeting with considerable difficulty. To date, 
four  par  am eter separation appears  technically feas ible; how ever,  continued 
development effort will be required to  make its application practical. 

Medical hypodermic needles are being used with success  for  ul t ra-  
sonic field s t rength measurements.  The sma l l  needle bore allows measure-  
ments to  be taken at extremely confined points within the sonic field, and 

have provided for the first t ime measurements of wave front shape and 
direct  ion. 

. .  
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- A potentially ser ious problem associated with the cracking of zirco- 
nium process  tube Vanstone flanges has been eliminated. 
which formed at the tube ends as the ends were flared, were  initiated by 
sma l l  surface scratches on the inside tube surface. A process  which 
removes the scratches by a d ry  honing, controlled grit blasting has virtually 
eliminated the problem. 

The flange cracks,  

The first resul ts  were received from the survey-by-urinalysis pro-  
g ram in Alaska. They indicated that high body burdens of Cs137 exist  in 
other par t s  of the state than those visited last summer .  Whole body count- 
ing will be done at some of these new places this coming summer .  
Preparat ions f o r  the summer ' s  work have begun. 

The measurement of the specific power of Pm147 by calor imetry 
was completed. 

Radiological physics work continued on: P32 counting, shadow 
shield calibration, X-ray  counting, precision long counter calibration, 
t i s sue  -equivalent chamber energy sensitivity measurement,  neutron spec-  
t romet ry ,  and investigation of radiation induced thermal  conductivity change 
in graphite. 

Analysis of Hanford atmospheric diffusion &ta fo r  a ground level 
r e l ease  over  a wide range of atmospheric stabil i t ies has resulted in a rela- 
tion between the lateral growth of a plume and the t ime of t rave l  f rom the 
source,  where the product of the mean wind speed and the standard devia- 
tion of the wind directions over  the t ime of the emission is a parameter .  
This product, determined from wind velocity measurements  near  the source 
point, is directly related t o  the width of the plume and applies for  t rave l  
t imes  up to  30 minutes from the source.  

i 1 0 3 2 1 b  
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. *. - 3 .  , Chemistry 

In-reactor  studies show that low radionuclide production and release 
to  the effluent can be maintained providing the zeta potential of the process  
water  is held constant by varying the rate of alum addition. 

The Ni65 concentration of reac tor  effluent water may be a useful 
measure  of the corrosion rate of aluminum fuel element jackets.  

Tri lauryl  amine extraction of neptunium and plutonium from full- 
level Purex waste resulted in  recoveries  of about 98 and 8770, respectively. 
Gelatinous solids in the plant waste did not interfere  with the extraction 
chemistry o r  operations. 

In re la ted studies, the presence of up to  170 of t r i laury l  amine in  the 
Purex  solvent does not impair  uranium and plutonium extraction nor fission 
product decontamination. 

Nuclear magnetic resonance measurements indicate that the mechanism 
of extraction of cesium into a BAMBP-D2EHPA solvent involves the extraction 
of BAMBP-solvated cesium ions by D2EHPA. 

Two chemical paths leading to  the degradation of CSREX solvent are 
found; temperature  and the concentrations of nitri te and ni t r ic  acid are the 
important parameters .  

Engineering studies led to  an  improved definition of process flowsheet 
and operating conditions which resu l t  in bet ter  overall  recoveries  for  s t ron-  
tium, cesium, and rare ear ths  f rom Purex  waste solutions. 

The solids component of simulated, formaldehyde-treated, Purex  
waste s l u r r i e s  is found to  contain significant fractions (11-8570) of the radio- 
isotopes of interest  t o  waste  management and fission product recovery pro- 
grams.  Leaching studies are in  progress .  

A zeolite bed loaded withabout 7000 curies  of SrgO,  hot air dried,  
and subsequently sealed is being monitored to  determine the extent of 
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pres su re  build-up as a resu l t  of the radiolytic decomposition of res idual  
water  o r  of temperature  effects. Prel iminary evidence thus far indicates 
elaborate drying equipment may not be necessary for  plant application. 

Studies indicate that potential fuel cycle cost  savings of 0 .1  to  0 . 2 5  

mills/kwh are possible for  the specific reac tor  case investigated by employ- 
ing close-coupled o r  captive plant fuel reprocessing, vice conventional fuel 
reprocessing services .  . 

The pot calcination of full-level Purex  was te  containing high concentra- 
tions of sodium nitrate resu l t s  in significant volatilization of fission product 
cesium, the bulk of which is subsequently trapped in  the off-gas condenser. 

The passage of steam-stripped, Purex  tank f a rm condensate through 
a thin bed of a s t rong  base anion exchange r e s i n  resulted in an effluent 
having a fission product ruthenium concentration below its MPCw value 
through 9800 column volumes. 

A polyethylene glycol chromatographic column was found t o  re ta in 
tr i t ium from both tri t iated water  and ammonia present in  reac tor  condensate 
samples .  

4. Biology 

Quachrome Glucosate appears  t o  be neither more  nor less toxic to  
fish than dichromate when administered at relatively high concentrations 
for  brief periods of time. 

There  seems  to be a suggestion that the increase  in the  fish disease,  
columnaris, with increased temperature ,  is due to  decreased res i s tance  
of the fish r a the r  than increased virulence of the microorganism. This is 
a tentative conclusion based on incomplete evidence. 

The radiotoxicity of 1131 in the thyroid is being compared with the 
This effects following X-irradiation of the thyroid region in young sheep. 

experiment should help clarify l imits  for  1131 in human beings which is 
current ly  based (by the FRC) on response of children to  X-irradiation of the 
thymus. 

1 1 0 3 2 1 8  
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Te132-1132 w a s  fed t o  lactating ewes to  determine distribution of 
these two isobars .  Unlike iodine, only a s m a l l  fraction of the T e  was t r ans -  
f e r r ed  to  milk. Tissues  showing the highest concentrations of Te were  the 
thyroid and kidney. 

The GI absorption of Pm147 was found to  be 0.0570 (the ICRP shows 
a figure of 0.01%). 

The presence of la rge  quantities of P u  administered to  rats along 
with Np s e e m s  to  enhance the fecal excretion of Np, both in  the presence 
of DTPA and in its absence. No explanation is offered fo r  this phenomenon. 

In r e s e a r c h  done more  than a yea r  ago, w e  reported that TTHA, 
which can be administered oral ly  for  P u  removal,  is not as effective as 
DTPA. However, w e  have recently tested a new TTHA preparation 
which seems  to  be of greater purity than that previously availaSle. Pre- 
liminary resu l t s  indicate that it is considerably more  effective than DTPA 
when given orally.  In fact, this TTHA appears  as effective when given 
orally as DTPA when given intraperitoneally. 

In a dog that died 3 yea r s  a f te r  a single exposure to  Pu  2390 2, 1.4 pc was 
found in the total  body, of which 5070 w a s  in  the lung and 4270 in the pulmonary 
lumph nodes. 

The effect of 1127 on the thyroid deposition of 1131 when both, as 
vapors, are administered to  dogs was again tested. Large concentrations 
of 1127 actually increased the body deposition of 1131 despite the isotopic 
dilution. However, isotopic dilution decreased the thyroid deposition by a 
factor of two. These resul ts  are less favorable than those obtained in rat 
experiments and do not support the suggested use of generators  to release 
stable iodine to the atmosphere in the event of a reac tor  re lease  of radio- 
iodine. 

Rats  are being exposed t o  pitchblende uranium o r e  dust t o  obtain 
lung burdens of 2 t o  3 mg. 
daughters which remain  in the lung. 

This ear ly  work is to  determine uranium 
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Radiation diarrhea,  previously prevented through exteriorizing the 

bile duct, is now being prevented (in rats) by the perfusion into the sma l l  
intestine of a bile salt sequestrant.  Rats so treated outlive, slightly, 

control rats and do not develop diarrhea,  

Cells in pea root meris temic t issue show decreased frequency of 
division when exposed to  Cs /K  rat io  in excess  of unity. (Earlier work 
showed toxicity to  be visibly apparent when the root environment contained 
C s  /K in excess  of unity. ) 

5. Programming 

which is being burned, separa te  from the new Pu239 being formed; otherwise, 
242 the new plutonium se rves  as a continuing source of Pu241 and hence of Cm 

which contaminates the product. 
by operating at high specific power (so that less Pu241 is allowed to  decay) 
and, of course,  by extended irradiation (so that Cm242 can decay as the 
formation of Cm244 continues). Finally, the Cm244 purity is improved by 
hardening the neutron spectrum, either by increasing the moderator tem-  
perature  o r  by adjusting the reac tor  lattice, to  enhance resonance absorp-  
tion of neutrons in P u  

In the production of Cm244 it is very important to  keep the plutonium, 

The purity of the Cm244 is also increased 

242 . 
Computer codes have been revised t o  permit calculation of the 

production of fission product strontium , cerium, technetium, and prome- 
thium. The isotopic composition of these fission product elements is a 
function of exposure. A major  effect, of course,  is the saturation concentra- 
tion of isotopes with shor t  half l ives.  Another important factor  in some 
cases is the difference in yield from fission of U235 compared with fission of 
plutonium isotopes which predominate in highly exposed fuel. 

TECHNICAL AND OTHER SERVICES 

Ten plutonium incidents occurred during the month which required 
special  bioassay sampling of the personnel involved to  determine if internal 
deposition had occurred. In one of these cases, excision w a s  used to  remove 
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plutonium remaining in  a wound. Pending bioassay resu l t s  for  the persons 
involved in these incidents, the total number of confirmed plutonium deposi- 
t ion cases at Hanford remains at 316, of which 229 are current ly  employed. 

An IPD maintenance man received a whole body exposure of 5 r gamma 
on April  17, 1963, while removing a gunbarrel  from the rear face of the 105-B 
Reactor. The reactor  w a s  shut down to  discharge a ruptured fuel element. 
During the operation, the gunbarrel  fell free, exposing the employee to a high 
dose rate. Inspection of the gunbarrel  under water indicated the presence of 
at least a portion of the ruptured fuel element in the end of the gunbarrel. 

A cri t icali ty false a l a rm light appeared on the  panelboard in the 
Pa t ro l  room in the 3706 Building on April  6, 1963. 
crit icali ty false a la rm had occurred in the 306 Building. Consequently, 
Pa t ro l  initiated the c ra sh  a l a rm system. 
signal light was caused by a shor t  in the telephone system in the 306 Build- 
ing when telephone men working in the building accidentally crossed terminals.  
The a l a rm did not signal in the 306 Building and, therefore,  no personnel 
evacuated the building. 

The light indicated a 

Investigation revealed that the 

A power outage occurred in the 308 Building Apri l  8, 1963, as the 
resu l t  of work being performed on some distribution t ransformers .  
of this  momentary ventilation failure, the ventilation and differential p ressure  
a l a rm sounded. All  personnel evacuated the building and reent ry  was accom- 
plished using standard radiation monitor procedures. The emergency power 
functioned effectively, thus preventing a possible loss  of contamination control. 

Because 

Functional relationships between rail s i ze  character is t ics  have been 
obtained which aid in determining optimum conditions for  improvement of 
K-Reactor fuel elements-that failed to  meet specifications. In addition, 
previous work on rail height specification is being extended to  include consid- 
eration of the distribution of minimum annuli under different conditions of 
fuel element ellipticity. 
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- Extensive data f rom sample exchanges associated with plutonium 
meta l  a s say  have been reviewed t o  determine the major  sources  of variation 
and any significant changes o r  t rends  during a 5-year period. A s imi l a r  
review was made of the monthly analytical bias correct ions obtained f rom 
an  analyses of standard solutions. 

The computer program which s imulates  chemical reactions between 
N-Reactor s tack  gases  is now in routine operation. Much valuable informa- 
tion about the zirconium -graphite compatibility problem is being obtained. 

Recent tes ts  on metall ic shapes shear-spun from blanks provided 
by the previously reported computer program demonstrate that the rather 
s e v e r e  dimensional and radiographical specifications can be met  and that 
the finished product is super ior  to  that fabricated by more  conventional 
methods. 

The new IRA-I1 f o r  the processing of radiochemical data is now in 
routine use.  Discussions a r e  being held t o  s e e  if this sys tem can be 
extended to  other  analytical laboratory data. 

SUPPORTING FUNCTIONS 

Apri l  output for PRTR was 545 Mwd for  an pxperimental t ime effi- 
ciency of 4970 and a plant efficiency of 31.370. There w e r e  two operating 
periods during the month, both of which were  terminated manually; one 
was a scheduled shutdown for fuel t ransfers ,  and the other  w a s  due t o  

leaker" indication of fuel element 5174. 11 

F u e l  exposure his tory at month-end was: 

Maximum U 0 2  exposure/element 3 1 6 6. Mwd /to% 
Average U 0 2  exposure /element 2162 Mwd/tonU 
Maximum Pu-A1 exposure /element 81.5 Mwd 
Average Pu-A1 exposure/element 63.3 Mwd 
Maximum Moxtyl exposure/element  
Average Moxtyl exposure /element 

55.6 Mwd (- 1112 Mwd/tonU) 
32.2 Mwd (-644 Mwd/tonU) 
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A total  of 270 hours was charged to  repa i r  work. The majority, 
248 hours, was required for  s team bellows repairs .  P r o c e s s  tube 1455 
was replaced. 

Twelve days of critical testing and 8 days of subcri t ical  testing in 
the Plutonium Recycle Cr i t ica l  Facil i ty were  realized. Reactor kinetic 
studies of EBWR cores  were  performed. The PRCF Design Scope f o r  
Light W a t e r  Conversion, HW-76941 , w a s  approved and issued. 

Installation of shielding, revised pressure  relief systems,  emer-  
gency depressurization valve, and inlet shut off valve was completed in the 
Fue l  Element Rupture Test Faci l i ty  (Project  CAH-867). 
Rupture Test Facil i ty Discharge Method, HW-77117, was issued. 

Fue l  Element 

The gas loop in the Gas-Cooled Loop Facil i ty (Pro jec t  CAH-822) w a s  
operated at 1400 F during acceptance tests and performed fully within 
expectations. 
hours at 150 psig, 450 F and 6000 rpm. 
plant are scheduled for  delivery in May. 

The gas-bearing blower was operated continuously f o r  30 
The two blowers at the vendor's 

Technical Shops' total  productive t ime for  the month w a s  27,033 
hours. Distribution of t ime was as follows: 

Man-Hours 70 of Total  

N -Reactor Department 2 864 10.59 
Irradiation Processing Department 4 043 14.96 
Chemical Processing Department 354 1.31 
Hanford Labor at o r  ies 19 772 73.14 
Construction Engineering and Utilities - -  

znm 
Total productive t ime for  Laboratory Maintenance Operation was 

17,400 hours of 19,200 hours  potentially available. Of the total  productive 
t ime realized, 87.570 was expended in support of HL components and 12.5% 
was used in providing serv ice  t o  other HAP0 components. 
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Manpower utilization for  April  is summarized as. follows: 

Hours Hours 

A. ShopWork 3000 
€3. Maintenance 6800 

1. Preventive Maintenance 1650 
2. Emergency o r  Unscheduled Maintenance 1930 ’ 
3. Normal  Scheduled Maintenance 3220 
4. Overtime (Included in figures above) 350 

C. R&D Assistance 7600 
17400 Hours 

Heavy water  physical inventory at the end of Apri l  indicated a PRTR 
los s  of 1594 pounds valued at $22,013. Scrap  generated during the month 
amounted to  2645 pounds ($4391). On Apri l  17, 1963, 16,556 pounds of heavy 
water s c r a p  valued at $207,961 were  shipped to  SROO-AEC. 

Effective March 1, 1963, the unit cost  for  long-term (loop) i r r ad ia -  
t ions was increased from $15 to  $25 by the Idaho Operations Office, AEC. 
This  change will  increase  cos ts  $331,000 this  fiscal yea r  and wi l l  cause the 
cur ren t  financial plan to be exceeded by $325,000. The Richland Operations 
Office has been advised by IO0 that a financial plan revision, reflecting 
current  IU funding requirements,  w i l l  be prepared in the near future. 

Activity in the area of visitor presentations is summarized below: 

Visi tors  Center 
Plant Tours  

Number of Visitors 
In Apri l  Since 6-13-62 

1822 
555 

41,847 
- -  

The composition of HAP0  professional recruit ing activity this month.  
follows : 

Open Offers 
Plant Offers Acceptances Rejections at 
V i s i t s  Extended Received Received Month-End 

- .  

Ph. D. 15 6 0 4 9 
BS /MS (Direct 

e 17 8 6 15 - .  Placement 1 - -  
,. ... ’ BS/MS (Program)  - -  59 35 87 
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. 
- Seven technical graduates were placed on permanent assignment. 

Six additions to the program were made; its current strength is 40. 

Authorized funds for eight active projects total $6, 260,500. 
total estimated cost of these projects is $7,595,000 of which $571,000 had 
been spent through March 31, 1963. 

The 

, .. 

. 

Manager, Hanford Laboratories 
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REACTOR AND FUELS LABORATORY MOlQTHLY RFPORT 

APRIL 1963 

TECHNICAL ACTIVITIES 

A. FISSIONABLE MATERIALS - 02 PROGRAM 

1. Metallic Fuel Development 

Phosphorus -purity i n  U r a n i u m .  
e f fec ts  of phosphorus impurity on uranium structure, fabr icabi l i ty  

Investigation was coptinued on the 

and properties, and fuel element quality. '  Metallographic examina- 
t i on  of derby m e t a l  containing 430 ppm phosphorus had indicated 
the formation of a eutect ic  between a phosphorus compound, pre- 
sumed t o  be UP, and uranium. The eutect ic  composition i s  e s t i -  
mated t o  be a t  lOOO-l5OO ppm P. 
NLO and MCW confirmed the ident i ty  of the compound as UP (11.52 
w/o P). 
1000, a d  1050 C and water quenched. 
grar th  of the compound, but no indication of so lubi l i ty  of the 
phosphorus evep a t  the highest temperature. 
point determinations on ingot stock containing 135 and 280 ppm P 
continue t o  show a depression i n  melting point of approximately 10 C 
compared t o  nonphosphorus containing metal. 

Microprobe analysis of this metal 

Sections of t h i s  metal were heated 4 hours at  900, 950, 
Examination showed a s l igh t  

Additional melting 

Preparation of s m a l l  dingots (about 5 pounds) with intended 
phosphorus leve ls  of 1000, 1500, and 2000 ppm was requested from MCW. 
T h i s  metal has been received but not analyzed fo r  phosphorus content. 

Examination w a s  made of NIE fue l  containing 170 ppm P i n  the as- 
coextruded, beta heat treated, and braze heat affected conditions. 
No detrimental e f fec ts  on uranium structure,  clad t o  core bonds, 
o r  braze t o  core bonds were observed. Tensile tests are i n  progress, 
comparing the  propertLes of this metal with tha t  of standard NIE 
fuel. 

The and NOE ingots (135 and 280 ppm P) examined the previous 
month were given primary extrusion a t  HAPO, and the  N I E  b i l l e t  has 
been coextruded. Examination of the coextrusion and sections of 
t h e  primary extrusion are i n  progress. 
the phosphorus impurity on t h e  fabrication of fue l  have been observed 
t o  date. 

No detrimental e f fec ts  of 
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MTR I r radiat ion of I&E Fbel Elements. 
walled uranium tubes by SRL have resulted i n  volume increases con- 
siderably i n  excess of those t h a t  would be predicted solely from 
f i ss ion  gas swelling. 
boundary tearing has occurred i n  the uranium result ing i n  large 
numbers of i r regular ly  shaped voids. Four Hanford I&E f ie1 elements 
are being i r rad ia ted  i n  tb GEH-4 loop f a c i l i t y  i n  the MTR t o  inves- 
t i ga t e  the possible occurrence of large volume increases a t  in te r -  
mediate temperatures. 
at  the beginning of the last cycle. The maximum metal fue l  tempera- 
tu re  i s  now approximately 400 C and accumulated exposure i s  approxi- 
mately 1000 MWD/T. 

Recent i r radiat ions of thick- 

Examinations have shown that extensive grain 

The elements were returned t o  the reactor loop 

Fluted Fuel Element Irradiations.  
s ize  fue l  elements have completed two cycles of i r radiat ion (400 
MWD/T). 
of the second cycle. 
cycle of i r rad ia t ion  i n  the  ETR M-3 loop. 
element which i s  being irradiated i n  the P-7 loop of the ETR has 
undergone a volume increase of approximately three percent a f t e r  
an exposure of 1200 MWD/T (5  cycles). 

Two f lu ted  single-tube N-reactor 

No appreciable volume change could be measured at  the  end 

One N-inner s ize  f luted 
The elements are now undergoing t n e i r  t h i rd  

Examination of N-Fuel Components. 
of a th i rd  ”N” outer fue l  element component (NOE) i r radiated a t  
prototypic conditions i n  KER has been s tar ted.  Two spot-welded 
supports were observed t o  be completely missing, having been torn 
loose a t  the welds during post-irradiation handling and shipping. 
The exposed crevice region between the support tab and the clad 
surface was free of any w h i t e  oxide or  crud formation. 
element was sectioned t o  expose the inner surface2 at the areas of 
contact with the inner tube (NIE) supports t o  observe possible 
evidence of f r e t t i ng  corrosion. ’ 3clperficial examination and 
surface repl icat ion indicated no f r e t t i ng  occurred. 
respects, the  “N” f ie1  element continu$;to show satisfactory 
i r rad ia t ion  performance and behavior. 

The post-irradiation exanination 

The tubular 

In  other 

Cladding Deformation Studies. 
a t o t a l  of 94 Wrcaloy-2 clad uranium rods are being i r radiated i n  
F-reactor t o  provide data on the e f fec ts  of cladding thickness 
uniformity, temperature, and exposure on the s t r a in  capabi l i t ies  
of Zircaloy-2 fue l  claddi 
a t  an exposure of 1100 MWD 7 T. The fue l  samples i n  these capsules 
w i l l  be examined f o r  clad performance and the  information obtained 
w i l l  be used t o  help establish discharge exposures f o r  the remaining 
27 capsules. 
capsules s t i l l  under i r rad ia t ion  indicate t h a t  teoiperatures are 
remaining very close t o  those desired. 

Thirty-six NaK capsules containing 

. 

. Nine of these capsules were discharged 
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Analysis of N e 1  Element End Caps. The difference i n  thermal 
expansions between fue l  and end cap material i n  metallic fue l  
elements i s  a potential  cause of fue l  element fa i lures .  
case studies of a numerical method of s t r e s s  analysis for  shaped 
end closures with thickened or reinforced cladding near t he  cap 
have been run. 
radii r a t io s  from 0.01 t o  0.10 with t rans i t ions  of l inear  and 
parabolic thickening. 
i n  stress levels  can be obtained wi th  t rans i t ion  regions. An 
end cap section w i t h  uniform bending stress in tens i ty  can be ob- 
tained with a l i nea r  thickening of cladding when appropriate length- 
to-height ra t ios  are selected. In  the case of l i nea r  thickening the 
selection of t he  correct r a t i o  i s  c r i t i c a l .  
ing i s  used the selection of m a x i m  height-to-length r a t i o  i s  - 
not as c r i t i c a l  and the lowering of the  maximum s t r e s s  in tens i ty  i s  
alnost as great as i n  the l i nea r  case. An added benefit  of lower 
s t resses  near the end cap also occurs. Besides the general study, 
a specific design study f o r  an N-inner fue l  element was made. The 
par t icular  exempie of  a imciined end cap w i t h  a t r m s i t i o n  length 
of 235 mils was selected. 
of six were obtained wi th  this design. 
300 angle w i t h  the outer cladding and a 36O angle with the inner 
cladding. 

Self-Brazed Closure Development. 
in-reactor production t e s t  are in the f i n a l  stages of preparation. 
The tes t  pieces have been fabricated and tested; it remains t o  
autoclave them. The high-temperature t e s t  loop elements including 
one with the bare braze annulus have passed the 100-day exposure 
period without any apparent attack. 
eutect ic  Cu-Ni-Zr braze layer  i s  suff ic ient ly  res i s tan t  t o  corro- 
sion a t  operating temperature t o  make it sa t i s fy  the c r i te r ion  
t h a t  the  secondary closure should resist corrosion w e l l  enough t o  
permit full-term i r rad ia t ion  i n  case the primary closure should 
develop a leak. 

Hot Headed Closure Studies. 
and relocation of the  projection rings have v i r tua l ly  eliminated the 
undesirable jo in t  crevice which previously existed on both the OD 
and I D  of the element. 
f r o m  zero t o  0.004 inch. 

Numerous 

General case studies have been run fo r  thickness t o  

These studies indicate t h a t  a major reduction 

If parabolic thicken- 

Reductions i n  bending s t r e s s  of a factor  
The t rans i t ion  zone nade a 

Two l o t s  of elements f o r  an 

Thus it appears tha t  the 

Improvements i n  hot  heading techniques 

Recent welded jo in t s  show crevice variation 

End cap copper immersion plating procedures have been modified and 
as a result t h e  projection weld qual i ty  has improved. 

I 1 0 3 2 2 8  
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A redesign of the retaining col lars  which are used t o  support the 
OD of the element during welding has s ignif icant ly  increased the 
usable l i f e  of the ceramics. Measurements of welded elements 
have sham t h a t  the diameter of t h e  element decreases in the jo in t  
region under the retaining ring as a resu l t  of the welding opera- 
t ion .  T h i s  dimensional change can be overcome by grinding a su i t -  
able taper on t h e  I D  of the retaining ring. 

Metallographic exadnat ion of recent hot headed closures using a 
cap with four ring projections indicates tha t  the projections are  
sound and tha t  the interface areas between the  projection welds 
over t h e  Wrcaloy clad and the interface areas between the projection 
welds over the' uranium are bonded. *There appears t o  be some evidence 
t h a t  a small amount of uranium near the Zircaloy-copper-uranium 
interface had reached t h e  melting temperature. 

Closure and J o i n i q .  
2-beryllium brazing alloys w i t h  variable beryllium, uranium abd 
gases. 
90 hours t h e  1 w/o uranium-Zircaloy-2 al loy has about t h e  same 
l i g h t  reflectance reading as Zircaloy and only a s l i gh t ly  higher 
weight gain. The higher uranium alloys have been f a i l i ng  a t  a 
very rapid rate, but those of 1 w/o U and below appear the same 
as  Zircaloy-2. When beryllium is varied in the  Zircaloy-2, the 
corrosion 'coupons show a l i nea r  graying with increasing beryllium 
content up t o  5 w/o Be. There is l i t t l e  difference i n  weight gain 
of the specimens up t o  300 hours, but the  l i g h t  reflectance shows 
a large variation t d t h  time and beryllium content. 
uranium and beryllium are  varied, uranium (250 ppu) w i t h  beryllium 
causes the corrosion rate to increase rapidly and the l i g h t  ref lec-  
tance t o  increase witn increasing beryllium content. The coupons 
with the lowest uranium (250 ppm) and highest baryllium ( 5  w/o) 
content turned chalk white. The effect  of gaseous contamination 
(2000 ppm 02) was more pronounced i n  Be-Zr-2 alloys tnan i n  Zr-2. 

The coupons were extremely b r i t t l e  and turned white after only 
50 hours in 360 C water. Thereafter the l i g h t  reflectance measure- 
ments s tabi l ized and t h e  weight continued t o  i rcreass .  These tests 
are continuing and w i l l  be expanded t o  include carbon additions t o  
the --Be series. 

Corrosion tests have continued on the Zircaloy- 

These tests are conducted i n  360 C water. After more than 

When both 

Closure Soundness Tests f o r  Target Elements. 
t e s t  for  minute leaks i n  the closures of aluminum clad ta rge t  
elements has been developed. While the principle i s  not new, i t s  

An extremely sensit ive 
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successful application has called f o r  some modification of standard 
equipment, as w e l l  as the use of unusual techniques. 

The procedure involfes f i l l i n g  the annulus i n  the canned element 
with helium before welding t h e  closure. 
t es ted  i n  a modified mass-spectrograph leak detector.  

The pieces are then 

The modification consists of an added evacuable chamber which may 
be i so la ted  from, o r  opened up to ,  the mass-spectrograph tes t  uni t .  
In  e f f ec t  the unit now consists of three separate chambers, each 
capable of isolat ion fromthe others, and capable of separate 
evacuation: 
diffusion pump, cold t rap,  pressure gage and mass-spectrograph 
tube (Vee-tube) connected by an i n f i n i t e l y  adjustable t h r o t t l e  
valve t o  (b) the manifold section including roughing pump, and 
intermediate pressure gage together w i t h  connecting plumbing, i n  
turn, connected through a manual valve t o  (c )  the added section 
consisting of matching pieces of Pyrex pipe f i t t e d  t o  a suitably 
gasketed base and so chosen as t o  form a sealed chamber. 
separate pump and valve evacuates this chamber. 

( a )  t h e  high vacuum section including forepump, 

A 

The piece t o  be tes ted  i s  put i n t o  one chamber and evacuated t o  
about 1000 p Hg. 
t o  the size of t h e  leak and the time l e f t  under vacuum. With the 
t h r o t t l e  valve closed and the manifold section evacuated t o  t h e  
limit, the valve between sections B and C i s  cracked s l igh t ly  
u n t i l  the  manifold pressure reaches some a r b i t r a r i l y  predetermined 
value (e.g. 500 p Hg). Then the t h r o t t l e  valve i s  cracked u n t i l  
some predetermined pressure i s  maintained i n  the Vee-tube chamber, 
w h i l e  the  helium content is monitored. 
a dubious response the first t i m e ,  but a re*peat sample from chamber 
"c" w i l l  show a much stronger response i f  the re  i s  a r ea l  leak. 
Two interfer ing conditions are: 

T h i s  chamber becomes loaded with He proportional 

A very t i n y  leak may give 

(1) Leak so large t h a t  He charge i s  l o s t  before tes t  i s  applied. 
However, a leak of t h i s  s i ze  can be seen visually, o r  i n  
case of doubt, the specimen can be recharged by evacuating 
and backfil l ing with helium. 

Background of He i n  the air around t e s t  un i t .  
case a tes t  f o r  background must be run before each trial 
t e s t .  

(2) I n  t h i s  
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Fuel Component Development. 
d w g e  t o  N-reactor process tubes by charging N-Fuel elements are 
poceeding. 
t o  what extent the reactor process tube i s  damaged by the repeated 
corrosion of the bare Zircaloy-2 t h a t  i s  exposed by scratching 
by the fuel element supports. The tes t  cycle consists of passing 
s t ee l  support shoes fo r ty  times over a single path on the  process 
tube, then autoclaving the tube i n  400 C, 1500 p s i  steam fo r  1 4  days 
t o  give the corrosion product buildup on the bare Zircaloy-2 equiva- 
l e n t  t o  that expected t o  form in-reactor between the charge and 
discharge of the Fuel elements. 

Laboratory tests t o  study possible 

A ser ies  of tests are being conducted t o  determine 

After the fourth autoclave cycle, as i n  the  previous cycle, a 
t o t a l  of 50 passes w i t h  four different shoes w e r e  made with no 
signs of scratching the autoclave f i l m .  
the autoclave fi lm from the shoes. 
intentionally i n i t i a t e  the scratching of the process tube i n  
order t o  continue w i t h  the original purpose of the cyclic scratch- 
ing autoclaving t e s t .  
ing between each series,  have now been completed on the same 
region of t h e  process tube section. 
from 0.0006 t o  0.0017 inch. The average depth over the ent i re  
length of,the tube increased from 0.0009 t o  0.0012 inch during 
the las t  scratching cycle. 

Steel  was deposited on 
Agaln it was necessary t o  

Five ser ies  of 40 passes, with autoclav- 

The scratch depth now varies 

Fabrication of Fuel Fouling Probe Stock. 
heat source w i l l  be fabricated from a Th-l* w/o ( fu l ly  enriched) 
U-1 w/o Z r  al loy for  the purpose of studying the variation i n  heat 
t ransfer  with f i lm buildup on a Zircaloy-2 surface during i r radia-  
t ion.  The primary arc melting of this material has been completed 
along with an ident ical  ingot made up w i t h  normal uranium. 
normal ingot will be used as p i lo t  material for developing suitable 
fabrication procedures. 

Along l i f e  constant power 

The 

Past electrode preparation procedures would require t h a t  the 3.8 in .  
diameter x 12-in. long ingot be sawed in to  longitudinal quarter 
sections turned s l ight ly ,  and welded end t o  end t o  form the second 
melt electrode. Extrusion of the  primary ingot t o  2-in. diameter 
will be attempted with t h i s  m a t e r i a  i n  an e f fo r t  t o  eliminate 
the somewhat cost ly  quartering and welding steps previously used. 

Fuel Fouling Detector. 
rods have been prepared fo r  use i n  tes t ing  nechanical thermocouple 
sea l  designs fo r  possible use i n  the fue l  fouling detector. 
pieces have brazed end caps and have been beta heat treated.  Four 

Ten 3-inch long Zircaloy-2 clad uranium 
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sieces  have been f i t t e d  with a special  end cap t o  be used with a 
compression sea l  now under development. The compression seal  on 
these tes t  pieces w i l l  receive extensive thermal cycle tes t ing  
t o  determine i t s  su i t ab i l i t y  fo r  in-reactor use. 

Uthium-Alumiaum Target Elemnt. 
aluminum t a rge t  slugs have been canned i n  aluminum i n  a helium 
atmosphere. 
welds are sound. Eleven of these elements are being canned i n  
Zircaloy-4 d i rec t ly  and the remaining ten  are being given an 
anodizing treatment pr ior  t o  c a d n g  i n  Zircaloy-4. 

Considerable d i f f i cu l ty  was encountered in developing techniques 
for  t h e  welding of the aluminum cans. 
in use consists of welding the end caps t o  the  alurriinun can 
using the electron-beam process. One of t he  two caps has a 
0.040 inch hole which allows f o r  back f i l l i n g  with helium. T h i s  
hole is sealed by resistance welding a 0.040 inch t-hick d d ~ u m  
disk t o  tne ecd c&p. 
a par t  of the disk i n t o  the  hole which provides a mechanical sea l  
i n  addition t o  the resistance weld.’ 

Support Fabrication. 
there were 22,000 steel shoes and 34,000 inner supports fabr i -  
cated. 
tes t  fabrication numbers to:  

Twenty-one experimeatal l i th iun-  

Both helium leak check and X-ray indicate tha t  the 

The process presently 

The pressure exerted durinq velciing ext-wdss 

W i n g  the period from April 1 through 22, 

The addition of these quantit ies brings the t o t a l  

S tee l  Shoes 50,000 
Outer Supports 21,000 
Inner Supports 77,000 
Total P a r t s  149,000 . 

Process yield has been increased by about 3 $ during the tes t  
fabrication. 
m. 
Facilities and Equipment. A high temperature induction furnace 
ha8 operated at  temperatures i n  excess of 3000 C. T h i s  furnace 
U s e 8  a msgnetic flux concentrator which co l lec ts  the RF induced 
magnetic flux and concentrates it on a very small area. 
is melted i n  less than two seconds, a 200 gm molybdenum r ing was 
p&tial ly  melted in two minutes. 
make zirconium carbide f o r  alloying additives t o  corrosion coupons 
and w i l l  be used for  brazing studies. 
temperature limit and such rapid heating rate, the applications 

Support fabrication will now be transferred t o  

Zircaloy-2 

T h i s  unit has been used t o  

With no maximum upper 
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are almos, limitless. 
molten material. 
but both react with all molten metals a t  these temperatures. 

The m o r  problem i s  how t o  contain the 
To date graphite and tungst.en have been used, 

Fuel Element Rupture Device. 
element rupture device a t  simulated PRTR rupture loop conditions 
except f o r  i r rad ia t ion  is in progress i n  the out-of-reactor 
TF-7 loop at  1706-KE. The t e s t  i s  being run t o  determine the 
effect of high pressure, high temperature water'on graphite 
impregnated piston seals  and t o  determire the characterist ics 
of the system when the cu t te r  i s  operated. 

A two-week t e s t  of the fue l  

Nine explosively formed Zircaloy-2 basket tubes were received 
from Aerojet-General and inspected f o r  acceptance. 
tubes currently meet the  wax-p specification. 
w i l l  be annealed and returned fo r  reforming. 
tubes are axial ly  s p l i t  t o  such an extent tha t  reforming i s  not 
feasible.  

New GTR Shipping Cask. 
delivered f o r  the  shipment of irradiated fuels  from the National 
Reactor Testing Stction t o  Hanford. 
t o  meet bDth the In te rs ta te  Comnerce Regulations and the proposed 
AEC regulations detai l ing safety requirements f o r  such shipnients. 
The cask has an internal  cavity of 7 inches I D  by 48 inches long 
with a minimum of 13 inches of lead shielding. 

None of the 
S i x  of the  tubes 
The remaining three 

A new "pot ty-ge" shipping cask has been 

T h i s  new cask was designed 

Nickel Plating on U r a n i u m .  
supporting two-inch sections of regular I & E  fue l  cores was 
fabricated. 
eliminated unplated areas a t  contact points as demonstrated by 
two-hour boiling water corrosion tests. Problems with gas 
p i t t i ng  are being r ec t i f i ed  by bath purification. 
tes ted w a s  200 g r / l  NISO4 6 ~ ~ 0 ,  45 g r / l  sodium c i t r a t e  arid 

Corrosion and Water Qmli ty  Studies 

A satisfact.ory plating rack for  

A system f o r  changing contact points during plating 

Ths bath 

5 g d l  w,&c1. 
2. 

Effect of Velocity on tb Corrosion of Aluminu - Rotating Disk 
Method. The effect  of high flow rates on aluminum corrosion i s  
being investigated by rotating four-inch diameter x-8001 aluminum 
disks i n  300 Area t a p  and reactor process waters a t  temperatures 
up t o  95 C a t  l inear  f l o w  ra tes  up t o  '72 f-gs. 

.. . 
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Observations reported previously indicated considersble differeaces 
in the , type of accelerated attack i n  t ap  and reactcr  process wcter. 
Since one difference i n  water quali ty w a s  the dichromate i n  the  
process water, a run was made i n  which 1.8 ppm Na2Cr29.%0 was 
added i n  300 Area t a p  water. After 72 hours, the atteck on the 
rotat ing disk was similar t o  groove p i t t i ng  observed on feel 
element cladding. 
dichromate edditions t o  tap  water, the  need f o r  e study of the 
ro le  of dichromate on groove at tack i s  strongly indicated. 

Since the type of a t tack was modified by 

Effect of Heat Treatment on the Corrosion and Hydriding of 
Zircaloy-2. The e f fec t  of heat treatment on the corrosion and 
hydriding of Zircaloy-2 exposed t o  360 C, pH-10 (WOH) deoxy- 
genated water i s  presently being investigated. Samples cut from 
Zircaloy-2 sheet stock were heat t rea ted  at varicus tenperatures 
ranging f ro3  750 C t o  1010 C fo r  10 minutes folloved by slow 
cooling. A t  various intervals  of time, duplicate Samples of each 
heat treatnent condition w i l l  be removed from the t e s t  for  
corrosion ?Ad hydriding measurenents. 

Weighings following an i n i t i a l  two-week exposure i n  360 C pH-10 
deoxygenated water have shown no s ignif icant  e f f ec t  of heat 
treatment on the corrosion weight gains, 

hraluation of  mOH t o  Adjust pH i n  NPR. 
operating conditions indicate that nucleate boiling will occur 
on the fue l  elements. Nucleate boiling could result i n  the  
concentration-of l i t h ium hydroxide a t  crevices on the Zr-2 fue l  
element jackete, as, for  example, under thk fue l  element sup3orts. 
Severe corrosion of the Zr-2 would then resu l t .  The substi tution 
of a vola t i le  additive such as ammonia for  L i O H  t o  control the 
pH would preclude t h e  poss ib i l i ty  of obtaining high a l k a i  con- 
centrations i n  the  aretis of nucleate- boiling. As  yet there i s  
insufficient knowledge about the effect of ammonium hydroxide on 
corrosion r a t e s  of tk NPR primary system components. 

Recent analysis of NPR 

a. Ex-reactor Corrosion Tests with NH,,OH Inhibited Water. Tests 
were run i n  the TF-5 Loop t o  det.errhine t h e  corrosion rates of 
A212 carbon steel, a low manganese carbon steel, sensit ized 
304 stainless steel, and Zircaloy-2 i n  NH OH inhibited water. 
Specimens were exposed f o r  periods up t o  4 000 hours i n  290 C 
deionized water wi th  pH controlled a t  10.0 using a by-pass flow 
through an ion exchange bed regenerated with ammonium hydroxide. 
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After formation of an i n i t i a l  protective oxide film, the 
corrosion of the carbon steels and the 2 - 2  was essent ia l ly  
zero. The amount of corrosion t o  form the protective oxide 
on the  cmbon steel w a s  0.12 mil, and on the Zr-2 was 15-25 
q/&. 
corrosion of the stainless steel proceeded a t  a low rate 
estimated a t  0.01 mil/yr. 
apamgnium hydroxide f o r  pH control resulted i n  corrosion 
rates as low, i f  not lower, than with l i t h i u m  hydroxide. 
The corrosion rates were lower than ~ o r m a l l y  reported f o r  
water adjusted with ammonium hydroxide, perhaps because the 
pH employed i n  this tes t  was higher than used i n  other reported 
t e s t s .  

After forming an initial protective film, the 

In  ex-reactor tests, use of 

b. &-reactor Testing of Thermocouple Elements. Another important 
variable i n  the evaluation of N q O H  as a conditioning agent 
i s  i t s  crudding characterist ics.  T h i s  i s  extremely important 
because the buildup of crud on fue l  element surfaces can 
lead t o  fouling severe enough t o  produce fuel ruptures. 
To properly evaluate this vaxiable during an in-reactor test, 
it i s  necessary t o  employ a thermocouple element. 

has been designed f o r  this purpose. 
were fabricated and tes ted  i n  high temperature, high pressure 
ex-reactor loops. 
the TF-7 loop and the dynamic testing i n  the TF-9 loop. A t  
the end of the tes t ing  period all six thermocouple elements 
were i n  excellent condition. 
which could lead t o  ruptures. Tne only d f f e rence  between 
the elements tested and the elements t o  be used in-reactor 
i s  the  fuel.  
uranium a i d e ,  the  in-reactor elements with enriched uranium 
oxide. 

A stgnless s t e e l  clad, Zr-2 jacketed thermocouple element @ .  
Six  prototypical elements 

The thermocycling t e s t s  were performed i n  

Ekemination revealed no defects 

The t e s t  elements are f i l l e d  with natural  

The elements t o  be used in-reactor are being fabricated and 
will be ready fo r  the in-reactor t es t  in the next month. 

c. OH Testing i n  KER-1. 
KEFt-lloop was ini t ia ted.  
series of in-reactor tests t o  determine f eas ib i l i t y  of using 
%OH. 
a t  high temperature and normal coolant quality - with U O H  
t o  condition the coolant t o  pH 10. 

On April 3 %OH InJection in to  the' 

Pr ior  t o  N€Q+OH injection, the KER-1 Loop w a s  operated 

T h i s  t es t  i s  the first of a 

The t rans i t ion  from WOH 

I I 0 3 2 3 5  
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o p r a t i o a  t o  Nf4cOH 
U O H  iqject ion and 
t rans i t ion  period, 
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was achieved by simultaneously t e d n a t i n g  
i n l t i a t i n g  WOH injection. During the 
approximtely 25 hours, no operating 

d i f f i cu l t i e s  were experienced and pH control was maintained 
between 9.9 and 10.1. 
u n t i l  the next scheduled shutdown i n  mid-May. 

Operation with W O H  will continue 

Water quali ty during the tes t  has been very good and no 
crud problems have been experienced during equilibriun opera- 
t ion.  Water qual i ty  is monitored during the tes t  by frequent 
sampling and a continuous automatic analyzer monitoring 
ammonia. Results t o  date indicate approximately 505 of 
the  injected N%OH is decomposing. 
conducted i n  the ex-reactor portion of the  KER-1 Loo?, it 
was observed t h a t  the meesured ammonia concentration was  
low and aDpeared t o  be independent of the  inJected concentra- 
t ion.  The loss w a s  a t t r ibuted t o  a combination of thermal 
decoqosi t ion and adsorption i n  the piping w a l l s .  Lbring 
the  in--reactor t es t  t h e  difference i n  concentraticz betweerr 
the  ammocia injected (18-20 ppm) and the measured ammonia 
concentration was 8-12 ppm. 

During an earlier t e s t  

A progrem t o  ident i fy  the decomposition products has been 
in i t i a t ed .  Analyses f o r  selected oxidization products of 
ammonia have fielded negative results. 
enough information on gas samples t o  determine i f  N€$OH i s  
breaking down i n t o  i t s  elemental gases. 

To date there i s  not 

NPR Water @al i ty  Instrumentation Studies. Evaluation f o r  NPR 
operation of the Hays continuous dissolved oxygen analyzer with 
inf luent  streams contalning dissolved oxygen and hydrazine was 
completed. 
measure the oxygen concentration accurately with hydrazine present 
when the  instrument i s  properly calibrated. 
of t h e  instrument i s  more complicated when hydrazine i s  present, 
a technique was developed t o  permit precise calibration. 

These tests demonstrated tha t  the analyzer can 

Although cal ibrat ion 
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A continuous colorimetric procedure fo r  measuring trace concentra- 
t ions  of calcium i n  water i s  being investigated. 
s ens i t i v i ty  of this procedure i s  i n  the 5-10 ppb concentration range. 
T h i s  procedure i s  being developed as an al ternate  t o  hardness analysis 
f o r  detecting raw water in-leakage i n  the NPR secondary coolant. 

The estimated 

Hydrazine Injection t o  Control Oxygen. 
operation at NPR the oxygen concentration i n  the primary system wi l l  
be kept a t  an acceptable leve l  by t h e  inject ion of hydrazine. 
effectiveness of this procedure was tested during l o w  temperature 
operation of KER-1 Loop i n  March. 
by feed-and-bleed with the normal L i O H  solution used t o  maintain the 
pH. 
below 500 ppb and the peroxide concentration below 100 ppb. 

During low temperature 

The 

Hydrazine was added t o  the loop 

During hydrazine inject ion the oxygen concentration remained 

The water quali ty during the  t e s t  was very good and no crud bursts 
were experienced. 
inject ion was terminated approximately 8 hours before the loop resumed 
high-temperature operation. A t  this time a s l igh t  crud burst was 
experienced; however, the burst  was much smeller and cleared up 
fas te r  than those experienced during the l o w  temperature operations 
of the previous two months. 
during this -period. 

To facil i tate cer ta in  loop r e p d r s ,  hydrazine 

No corrosion measurements were made 

NPR Corrosion Studies. 
(s ta inless-s teel  loop) on March 26 were examined f o r  cnd  . 
autoclaved Zircaloy-clad N E - 1  fue l  elements had e i the r  no crud or  
a s l igh t  brown crud fi lm with the shiny black D O 2  vis ib le  beneath 
it. The unautoclaved Zircaloy sleeves surrounding these fue l  
elements were covered by a f a i r l y  heavy, uniform, dark-brown crud 
deposit. 
pH 10 WOH with an out le t  temperature vaqdrg; between 175 and 230 C. 
During the tes t  some ammonium citra'ke cleaning solution had 
inadvertently been introduced iEto the loop, result ing i n  reduced 
pH (6,5 minimum) and poor water quali ty f o r  aboLt 1 day. 
experience may be contrasted t o  similar h a 1  elezents discharged on 
March 3 frm KER-1 (carbon-steel loop). With these a similar dark- 
brown crud deposit was found with the same in tens i ty  on both the auto- 
claved fuel elements and the unautoclaved sleeves. The KER-1 t e s t  
was also a t  pH10 WOH but operation followed loop modification, 
cleaning, and down time. These two instances are the only ones of 
significant crud deposition i n  any of the KER loops during operation 
at high pH. 

The fue l  elements discharged from ICER-2 
The 

These elements had been exposed since November 27 a t  

T h i s  

- 
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An e lec t r i ca l ly  heated sample clad i n  Zircaloy-2 was discharged 
from TF-3 a f t e r  exposure for 146 days i n  pH 10 U O H ,  15 C bulk 
water temperatux a t  a heat f l u  o f  380,000 Btu/hr-ft2, which 
produced surface boiling. 
oxide formation with an estimated 3 mils maximum penetration) had 
occurred i n  two spots i n  the  region of heat transfer where a 
crevice w a s  formed by a s ta in less  sleeve used t o  hold a therzocouzle. 
Two self-supports of the  type used on NPR fue l  elements were 
welded t o  the surface of the specimen. The specimen w i l l  be sectioned 
t o  see whether similar corrosion occurred i n  the  crevices under the 

Heavy corrosion of the  zirconium (white 

supports. 

Severe f r e t t i ng  was found on an experimental NPR f u e l  element exposed 
one week i n  the TF-7 Loop. 
( L I O H )  water a t  530 F. 
m 1.8 mil amplitude were impressed on the tes t  section. 
operation examination revealed oEe buggy spring support completely 
cietached from the inner fue l  element and numerous penetr6tions in to  
t t e  outer elenent wh5re the  i m e r  element supports contzcted the  
outer element. The m a x i m  penetrat.ion was 18 mils. These elements 
are of an older design and probably w i l l  not be used i n  NPR. 

The tests were repeated on the NPR fuel element design presently 
planned f o r  NPR i r radiat ion.  
vibration, no fretting occurred. T h i s  fue l  element design has a 
higher spring constant than the  elements which exhibited the severe 
f r e t t i n g  corrosion. 
vibration conditions t o  determine f r e t t i n g  tendencies. 

The loop was operating with pH 10 
External vibrations a t  54 cycles/sec with 

Post- 

After three weeks exposure with induced 

The tests w i l l  be repeated under different 

Frett ing corrosion between the  outer fue l  element supports and the 
process tcbe has not been observed with e i the r  type of fue l  element. 

Oxalate Precipitation and Film Deposition. An ichibi tsd,  complexed 
solution of oxalic acid, anslonium c i t r a t e ,  and ferric sulfate was 
found t o  be a sat isfactory reagent f o r  removing adherent cxide films 
and contamination. Average decontamination factors  of 16 f o r  CS and 
SS were obtained with t h i s  solution when preceded by an alkaline 
permanganate pretreatmnt .  
an average decontamination factor  of 16 also w a s  obtained. 
l i g h t  trace of f i lm w a s  formed on carbon steel after 23 hours at  
70 C. 
410 stainless s tee l ,  brass, Zircaloy-2, 300 ser ies  s ta in less  steel, 
Inconel, and Manel) were uniformly low (- 0.01 mi1/6 hrs) with the 
exception of carbon st.sel which were 0.26 d 1 / 6  hrs, and 410 stain- 
less steel which were 0.16 mi1/6 hrs. a r t h e r  dynamic testing has 
been scheduled with this solution. 

As a sirrgle step carbon s t ee l  decontaminant, 
Only a 

The corrosion rates of various materials (carbon s tee l ,  

UNCLASSIFIED 

I 1 0 3 2 3 8  



A-14 m-77397 

DecorAdnatIon Scanriirg. 
ing M-04 and recomrided as a single s tep  sta,IrJess s t e e l  decon- 
tamina t  resulted i n  m02 precipitaticn after 4 hours of refluxing 
a t  100 C. 
t a t i on  was observed. 

An inproved proprietary solution contain- 

Decontdnat ion data were not obtained sioce the precipi- 

Decontamination of M-3-G-7 Loop, ETR, Idaho FaLls.  The M-3-G-7 Loop 
w a s  successzuliy aecontaminated using t h e  alkaline permanganate 
pretreatment ~ o l l o m a  by an inhibjtad s d f d c  acid treatmznt, 
overall deeontantnstion factor of aboQt 18 to 23 w33 obtained. 

An 

Dynamic Corrosion Rstes a t  Elevated Temperatures. 
of several zircodum alloys, 304 statn1c;ss s tee l ,  ana A212 carbon 
s t e e l  i s  continuing i r i  700 F9 pH 10 ( L I O H ) )  deionized water. 
2100 hours, the  carbon s+,esl, which had an i n i t i a l  penetration of 
0.07 mil, w a s  corroding stl a ra te  of 0.2C)? mil/year. 
s t e e l  had an i rLi t ia l  penetration of 3.005 m i l  s d  vas c;orrodlng a t  a 
rate of 0.041; mil/year.  

Corrosion tes t ing  

After 

The stainless 

. ,  
. .- 

Low pH (6.6 Q;ac.hron Glzcc.ss.;e (PT-52L). 
elemmts have ac.cumul3tad 11 k~eeks eqcsu re  in SP-2, SP-x, and 

Coupon amples and K4N tes t  

SP-y. Control f a c i l i t y  SP-x w s s  imdvertemly discharged by KE 
processing, and the KLN elemects &-ere lost, However, dil igent  under- 
water. search located +,he 2oQpon holders t h a t  were i n  t h i s  f a c i l i t y .  

3. Ga3 Atnosphere Studfes 

Resistance MERSL~-ETEK+, C s ~ s u l e  . Fcllcwing Freliminary laboratory 
tes t ing,  s sapsule ctesigrwl t o  xeasue she e lec t r i za l  resistance 
of zirconium oxide f i h s  WELS charged in KE reactor Mwch 2’7, 1963. 
The stmsphere wit-hin t.1-e capsuk iit reastor startup was clean dry 
heliun at 3.10 C. A decrease i n  resistance vas Gbserved a t  reactor 
startup. A fxr ther  progressiw clecrcase Ir oxide P i k c  resistance 
w a 8  measured durizg contigued e q o s ~ r e  t o  rhe dry h e l i u .  
resistarxe xk&asureEr;ts drogpsd to lD3 ohms, a snsl: mount of 
water vapor vas added t o  ?he gss i d e t  stream. 
regenerated the r e s i sza t  oxide filrr. ar,d the resistance measurements 
increased t.0 2Q,000 c h s .  
helium and progressive aecreasos 3n resistame readings were observed 
until the reactor shurdowrr, and the  resistance again increased. 

- 

When 

Thc water vspor 

Sssrples E r e  again blanketed with dry 

Graphit.e Bunout Modtoll ng. 
channel 1880 at  KW Reactor showed very lar burncut rates. 
covered the period fram December 11) 1962 to April 4, 1963. 

Smell graphite monitors dhcharged from 
The t e s t  

The . 
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maximum rates were about 1.5% per 1000 operating days at  distances 
of 50 and 90 inches i n t o  the grapkdte stack. 
and lox oxygen concentrations, less than 0.014 at equilibrium, were 
important factors i n  reducirg the measured burnout rates from 64 per 
loo0 operating days i n  the previous monitoring period. 

Law stsrt-up frequencies 

I 

Grqhite-Zlrconiun Compatibility i n  the  N Reactor. 
d ig i t a l  computer programs are being used t o  study the N-Reactor 
gas atmosphere system. 
gas composition of 0.5 mm H20, and 0.076 mm of CO, CO and H,, i f  
circulated through the reactor s ix  times will lose en&# wazer t o  
lPad t o  possible zirconium hydriding conditions. 

Anslog axld 

The analog calculations show tha t  an i n i t i a l  

_. 
/ .  

Sesults obtained from the d ig i t a l  calculations yield the following 
values fo r  t h e  D a r t i d  pressure of water vapor entering the I?-Reactor 
stack when the flow rate i s  400 cfm and tho, p z r t i a l  pressures of 
Co, CO mininum water, 0.325 m; m a x i m u m  
~ a t e r , ~ 0 . 4 7  m. 
of 2$ per 1000 o p e r a t i q  days (KOD) i n  the hot tes t  grsphite i n  the 
stack, which is i n  the uncooled f i l l e r  block and midway between two 
process tubes. 
0.p mm, and fo r  4$/KOD t h e  m a x i m u m  water concentration i s  0.94 mm. 
A s m y  of the water -~a lues  i n  terms of dew paint i s  given below: 

and % are all 0.076 mm; 
The m a x i m  water value i s  based on a burnout l imi t  

For a $/KOD l i m i t  the maximum water concentration is 

M e x i m u m  wat.er vs burnout 
3$/ KOD 4%/ KOD Minimum water 2$1/ KOD 

- 2 0 F  - 13 F - 5 * 5 F  + g F  

These results were based on the temperatures estimated i n  HW-64930 
i n  1960. 
somewhat lower thsn or iginal ly  2alculated. 
f lexible  enough so t h a t  temperature and other changes can be included, 
and these w i l l  be studied i n  the next month or two. 

Recent informatioa indicates t ha t  the temperatures may be 
The compter progran i s  

It should be emphasized tha t  the above calculations are obtained 
from a computational program embodying a par t icular  model and using 
the best available data fo r  the program parameters. 
of the results depends upon how well t he  model represents the actual 
system and how good the data are. .  Until  t he  calculations are 
checked experimentally f o r  given conditions, the  results should be 
considered as highly tentative.  A t  this time the principal value of 
the program i s  t o  indicate the sensitiveness of camputed composi- 

. t ions  on t h e  system parameters. 

The va l id i ty  
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Process Tube Development 

Stress Rupture Testing of Reactor Press- Tubes. JIII improved 
estimate has been made of the 20-year rupture stress at  300 C f o r  
305 cold drawn and 355 tube reduced NPR process tubing. 
rupture t e s t s  were conducted at  400 C for both tube types a t  a 
s t r e s s  of 42,000 psi .  
863 hours and for  the tube reduced material 112 hours. 
Larson-Miller parameter t o  estimate the corresponding rupture time 
a t  300 C, the resu l t s  indicate 526,000 and 695,000 hours, respectively. 
No claims are made a t  the moment fo r  t h e  va l id i ty  of the Larson- 
Miller extrapolations. 

Stress- 

Time t o  rupture fo r  the drawn tube was 
U s i n g  the 

Thermal mdraulic Studies 

'Present Reactor Studies. 
effect  of a broken spline lodged i n  a 'Y' reactor ou t le t  nozzle. 
Standard "K" outlet  zczzles with and -without the perforated plate 
covering t h e  collection channel leading t o  the nozzle elbow were 
considered. The support charge consisted of (from f ront  t o  rear )  
three 8-in. x 3/16-in. w a l l  16-hoie perfs, e i ther  8 4 .  tubulars, 
and two 8-in. x 3/16=in. w a l l  16-hoie perfs. 
t e s t s  are siumnsrized as follows: 

Flow t e s t s  were performed t o  determine the 

The results of these 

.. AP, ps i  a t  1OC 

Type of Test gpm Section-Rear Header) 
Flowrate (End Ac+,ive 

55 36 (1) Nozzle with no perforated 
plate, no spline 

* 44.3 55 (2) Same as (1) but with 
spline over collection 
chamel 

(3) Same as (1) but 1 izi. of 55 
spline extending i n t o  
out le t  opening 

56 

55 3? 

55 38 

(4) Nozzle with perforated 

(5) 

plate no spline 

S a m  as (4) but with 
spline over collection 
channel 

1 1 0 3 2 4 1  
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These results indicate tha t  the use of the perforated plate  i n  the 
"K" outlet nozzle t o  cover the collection channel would decrease 
the pressure drop across the nozzle i n  the event of a broken spline 
becoming lodged over the out le t  chennel. 

Flow tests -ere a lso  performed on 'IK" and "C" reactor rear  nozzles 
t o  d e t e d n e  the pressure existing i n  the nozzle with the rear 
connectors removed. A standard "C" reactor rear  nozzle w i t h  an 
0.845 in .  nozzle connector adapter and a "K" nozzle with M 0.870 
adapter were considered. 
t o  27 C, the pressu-e i n  the rear nozzle was found t o  be 20 psig 
and 15.5 psig respectlvely fo r  the 'IC" and "K" assemblies used i n  
the tests. 

A t  a tube flw of 50 gpm of water a t  20 C 

N Reactor Studies. For the establishment and study of NPR boiling 
burnout l i n i t a t i cns ,  it i s  desirable t o  express the burnout heat 
flux data obtained by the  Heat Transfer Laboratory i n  the form of 
emyiricd correlations. 
ir- i n  l i t e r a t w e ,  &rid it w e s  fourrd tha t  none wculd aclequately 
describe the experimental information. 
being developed t o  f i t  these data. 
clescribes the relationship between the burnout heat flux, enthalpy and 
flowrate with an accuracy of 10$ has been developed f o r  the annular 
flow channels. 
pressures and conditions is i n  progress. 

A study was made of a~ correlations apy;ear- 

Therefore, equations are 
An empirical correlation which 

Work on extending these correlations t o  other 

6. Shielding Studies 

The MAC computer code i s ,be ing  used t o  evaluate the shielding 
properties of Berytes concrete. 
with experimental data obtained when the Barytes shield blocks 
are taken from lo5 DR. 

mese  calculstions w i l l  be compared 

T h i s  work is st i l l  i n  progress. 

In a tes t  run with the sample problem given i n  the  MAC reference, 
HW-73381, it w a s  apparent t ha t  the gemma dose at the inner shield 
regions ar is ing from sources i n  the outer shield regions XRS not 
correct (This  problem was  first observed by M r .  U. Danali, 
EUFWOM, I t a ly ) .  
subroutine at the suggestion of the MAC code author, E. G. Peterson. 
These modifications are currently being evaluated. 

A few minor modifications were made t o  the gamma 
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Obtaining cross-sections fo r  MAC input i s  complicated because of the 
large var ie ty  of elements i n  concrete and the  f ine  group structure 
used by MAC. Steps are being taken t o  simplify input by calculating 
a cross-section l i s t ing ,  i n  proper MAC input format, f o r  all elements 
of in te res t  i n  MAC calculations. BARNS and the FU3U Library are being 
used t o  supply the cross-sections. T h i s  cross-section l i s t i n g  w i l l  
be published f o r  general distribution and should m a k e  MAI= more 
at t ract ive f o r  use outside HL. 

Amaster routine for  BARNS i s  being prepared which w i l l  produce 
e las t ic ,  ine las t ic  and capt.ure cross-sections ready f o r  MAC input. 

BARNS i n  i t s  present form will calculate group cross-sections from 
the point cross-sections, given I n  the  RBU Library, fo r  pure isotopes. 
Shielding calculations r e q d r e  cross-sections of naturally occurring 
elements; hence, combining of isotopic cross-sections is required. 
The above additions plus changes i n  output format f o r  BARNS are being 
debugged. 

A preliminary shielding program was prepared and reviewed. 
f ina l  proposed program summsry i s  now i n  prepar&tion. 
shield plug assembly on top of the mR i n  evaluating the primary 
shielding of the NPR during startup t e s t s  i s  being investigated. 
The f a c i l i t y  w a s  inspected and i n i t i a l  l i a i son  has been established 
with the NPR staff. 
damage studies i s  a lso  being investigated. 

The 
Use of the 

The f eas ib i l i t y  of conducting concrete radiation 

7. Graphite Studies 

N-Reactor Graphite Irradiations.  
capsule, H-5-2, i n  the ser iea  of i r radiat ions of -N-Ekactor graphite 
was removed from the GETR on April 3 after successfully completing 
5 cycles (111.7 effect ive days) of i r radiat ion.  
cumulative sample exposure i s  estimated t o  be 5 x 1021 nvt, E > 0.18 
&v. 
t ion  period. 

The second second-generation 

The maximum 

A l l  9 thermocouples operated properly f o r  t h e  en t i re  i r radia-  

Visual observation of the capsule i n  t h e  hot c e l l  disclosed tha t  the 
stainleor steel tube which protects the  bottom end of the capsule 
w a s  gone, apparently pulled off i n  sqme unknown manner by a ver t ica l  
t ens i le  force. 
wear due t o  greater vibration w a s  observed. 

Despite the  l o s s  of this protective cap, no unusual 

CONFIDEMIIAL 
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The H-5-2  capsule was disassembled and a l l  samples and flux monitors 
were recovered and appear t o  be i n  excellent condition. 
of carbon deposit on the in s ide  can w a l l s  was less than usual.. 

The amount 

On April 3 the first third-generatlon capsule, H-4-3, of the ser ies  
w a s  ins ta l led i n  the GETR. Instal la t ion and i n i t i a l  operation were 
en t i r e ly  satisfactory,  with sample temperatures matching those of 
previous capsules. The attempt t o  ra i se  the temperature a t  sample 
posit ion f ive  w a s  only par t ia l ly  successful. An Increase of only 
1 5  C was obtained instead of the 50 C expected. 

The t h i r d  second-generation capsule, H-6-2, i n  the ser ies  continues 
t o  operate sat isfactor i ly .  Number 5 thermocouple which fa i led  
ear ly  i n  the i r rad ia t ion  i s  s t i l l  open. 

Research and development i n  the f i e l d  of plutonium metallurgy continued 
ir: support of the Hanford 234-5 Buildirg; Operations and weapons develop- 
ment programs of the University of California Lawrence Radiation 
Laboratory (Project Whitney). 
seDarately v i a  dis t r ibut ion l i s t s  appropriate t o  weapons development 
work. 

Details of these a c t i v i t i e s  are reported 
' 

. .  
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C. REACTOR m m T  - O4 PRWRAM 

1. Flutonium Recycle Program 

1 %  ' I  

I .  

Fuels Development 

PRTR Fuel Element Development. 
taining recycled PRTR plutoniumwas completed and another is  in 
process. 

Power Loading Studies. Conditions were determined f o r  producing a 
uniform physical mixture of U Q - P u Q  i n  a fue l  rod by bot t le  loading. 
The bottled material must be preblended fo r  a t  l ea s t  30 minutes t o  
achieve good uniformity. 
the optimum blending time and t o  obtain s t a t i s t i c a l  data on the uni- 
formity of loadings produced by t h i s  e t h o d .  

The f i r s t  U@-Pu@ f u e l  c luster  con- 

A t o t a l  of four swage-compacted clusters were fabricated. 

Additional t e s t s  are planned t o  determine 

Nondestructive Test fo r  Plutonium Segregation. 
t ion  w a s  found between a gamma scan of a U@-Pu@ fue l  rod and the 
known plutonium concentrations i n  the rod. The rod contained UCQ- 
Puo;? pe l l e t s  of various plutoniiun concentrations in the range from 
0.1 t o  1.6. Another rod is being made t o  permit calibration from 
1.0 t o  10.6 plutonium. 

Cladding Integri ty  Studies. 
leak detection system t o  determine i f  an al ternate  method would be 
advantageous. The sens i t iv i ty  of the vacuum leak detection method 
w i l l  be compared with tha t  of the ANL pressure method. 

Good l inear  correla- 

@ .  r -  

A review is being made 02 the  fue l  rod 

End Bracket Procurement. 
fabrication of the top and bcttom end brackets *of the PRTR 19-rod 
clusters.  
i n  more e f f ic ien t  use of PFPP f a c i l i t i e s  fo r  fuel  develcpment work. 

Specifications were written f o r  off-s i te  

Purchase of these standardized items of f -s i te  w i l l  resul t  

Examination of PRTR Nested Tubular Fuel Element. 
nation of the  f i r s t  Mark-I1 (concentric tubular) PKTR fue l  element 

Destructive exami- 

yielded needed information on internal  pressure buildup caused by 
release of sorbed and f i ss ion  product gases. 
succesisfully irradiated t o  an exposure of 1360 MWD/S. 
indicate tha t  l e s s  than 1 6  of the f i ss ion  gases and l e s s  than SO$ 
of the sorbed gases were released during irradiation. 

Wedictions of the exposure a t  which the internal  cladding would f a i l  
by collapse were based on an assumed release ol' 25s of the f i ss ion  
gases and 75s of the sorbed gases. Information from the t e s t  element 

The element (1501) was 
Measurements 
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indicates t h a t  the calculated internal  pressures are very conservative 
and t ha t  exposures more than twice those predicted (25,000 b%D/S) 
could be attained without cladding collapse. 

Gross variations i n  fue l  thickness, revealed during destructive 
examlnation of the outer component of the i r radiated PXl3 tubular 
fue l  element, r e f l ec t  fabrication d i f f icu l t ies .  
t ion  was measured 38 inches below the top end cap,where the thickness 
r a t i o  of d i e t r a l l y  opposed fue l  sections was 1.65. 

Tl?e largest  t a r ia -  

Post-irradiation Examination cf PEfTR Fuel Elements. 
compacted U C Q - P u e ,  PRTR Mark-’I eleztent (5113) tha t  fa i led  during 
operation i n  the P#rR a f t e r  an average exposure of 370 MWD/T ex- 
hibited a b r i t t l e  fracture,  a precipitated second 2hase (yossib1.s 
zircanitun hydride) along the fracture  s-aface, cracks 13 the cla&Zizg 
i n  the vicini ty  of the fracture,  and &nor fue l  vasho1.d. Transverss 
cross-secticns ccnf irned miform distribiition of the PJQ enrichment 
and l in i fed  52-reactor sintering of the U@-Pu@ ccre. mide2t i -  
f ied  second pSase was obsers-ed i n  the U@-Pu@ core mtc-r ia l  only  in  
the vicini ty  of the fa i lure  (She material was sampled fo r  analysis). 

-4 v i t r a t i m z l l y  

No detectable qaantity of fue l  par t ic les  vas released i rk0 the PRTR 
primary coolant following a claddiog fz i lure  of a vibrationally COP- 
pacted U+-FU+, Mark-I element (5174) a f t e r  an average exposure of 
106 W / T .  The reactor was shut down on 4/14/63, 2.5 hoilrs a f t e r  a 
steady increase i n  primary coolant ac t iv i ty  indicated a leaky fue l  
element. Primary coolant samples taken during operation and a t  the 
time of an ac t iv i ty  bu r s t  d a i n g  shutdown contained very l i t t l e  1-13 
and 1-132 act ivi ty .  
krypton. 

Bramination of element 5174 revealed a 1/8-ifi~h diameter hole t h r o w  
the Wrcaloy cladding i n  the top weld area of a rcd i n  the 12-rod 
ring. 
the nonmelted Fortion of the heat-affected zone. 
of the end plug, the defect i s  not located over fue l  material. 
f racture  surface of the base metal surrounding the hole appears 
br i t t le ,  and there is  visual evidence of localized corrosion. 
t ruc t ive ,  examination i s  proceeding. 

The gross ac t iv i ty  was caused by xenon and 

The hole extends fromthe center of tile weld fusion band into 
Due t o  the length 

The 

Des- 

Routine examination of fue l  element 1082 (hot swaged UOp) in the  FEEF 
revealed a longitudinal scratch surrounded by discolored cladding on 
an outer rod about s i x  f ee t  below the top of the element. The outer 
w i r e  wrap i s  worn approximately one-t.hird of the way through a t  a 
point four inches below the top end f ix ture  of the element. A large 
1/2 x 3/8 inch) piece of hydrous alminun oxide, apparently 

- I-- . 
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originating i n  the storage basin, was found wedged 
wire xrap i n  the vicini ty  of the element midpoint. 
Kill be refurbished by replacing the scratched rod 
outer w i r e  wrap and ins ta l l ing  x i y e  bards. 

Hw; 77 3 97 

under the outer 
This element 

and removing the 

Fuel "Refurbishing". Fuel element inspection and ring gaging in 
the PFECR basin indicates 10 t o  2 6  of the fue l  elements need some 
type of maintenance. Bent pins ar,d white corrosion spots are the 
most coxxuuon d i f f icu l t ies .  

..-. 
- -  i 

I 

PRTR Fuel Element Testing. A study i s  under way t o  assess the ad- 
vantages ,of using the PEiTR Rupture Loop as  a research too l  f o r  
tes t ing fue l  elements. Elements tes ted would include types which 
it would not be advisable t o  evaluate i n  a normal process channel; 
e.g., Fu@-U@ elements w i t h  gross segregation of Pu@ or elements 
t ha t  have developed defects i n  service. 
able f o r  use approximately July 1963. 

EBWR Plutonium Fuel Elements. 
of additional vibrational compaction f a c i l i t i e s  ir, the PF'PP. A 
prototype vibrational compaction f a c i l i t y  was s e t  up i n  the 325 
Building t o  permit process development concurrent with project 
ac t iv i t i e s  in the PFPP. 

The order f o r  5000 pounds of fused U% for  the EBWRload was altered 
t o  have the  material crushed and screezed t o  size,  eliminating 
approximately one month of e f for t  a t  IlApo. 

The loop w i l l  be avail- 

Work has s tar ted on the ins ta l la t ion  

. *  

-action of EBWR Fuel Material. Performance of the  double can 
Impaction container assembly being developed f o r  impaction of U O p  
2.5 w/o Pu@ fo r  EBWR w a s  improved by i n s e r t i a  a s t r i p  of mild 
s t ee l  f o i l  between the inner and outer cans. The steel ac%s as  a 
ge t te r  of oxygen while the can i s  beirg heaked t o  1200 C, and thus 
prevents oxidation of the porous s t a i d e s s  s t ee l  f i l t e r  welded t o  
the inside surface of the can l i d .  

Irradiation Testing Program f o r  EBWR Prototypic Fuel Rods. Ugh- 
energy-rate Impacted U@-2.5 w/o PuCQ w a s  crushed and sized f o r  
vibrational cornpaction in to  capsules of EBWR fue l  rod diameter. 
Two capsules containing impacted U@-PuCQ and two containing a 
physical mixture of Uo;? and Puo;? are  t o  be included in an i n i t i a l  
i r radiat ion t e s t .  Bulk density of the encapsulated f u e l  w i l l  be 
82 t o  88$ TD. The oxide fue l  in each capsule w i l l  be blended before 
loading, rather than incrementally loaded. Capsules w i l l  be ir- 
radiated a t  maximum EBWR conditions; i.e.,  a heat f l ux  of 5OO,OOO 
Btu/hr-fte and a rod power of 16.3 kw/ft. The investigation w i l l  

-4P 
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continue with 32 additional capsules and other prototypic fue l  rod 
irradiations.  

I r radiat ion of High-Energy-Rste Impacted U@-Pu%. 
diameter capsules containing high-energy-rate impacted UOpPuq;! 

Two 9/16-inch 

were successfully i r radiated i n  the MTR a t  surface heat fluxes 
greater than gO0,OOO Btu/hr-ft2. They. were discharged a f t e r  reechbg 
an exposure of approximately 1000 W / T  fuel.  
will remain i n  the MTR t o  exposures of approximately 5000 MWD/T fuel.  

TWO similar capsues 

Irradiat ion Performance of NgO-Pu@ and Zr@-Pu@ Fuels. A high 
resolution autoradiograph of a $-inch diameter MgO-13.5 w/o Pu@ 
specimen, i r radiated t o  approximately 1020 fissions/cc a t  < 1600 C 
centerline t e q e r a t u r e ,  i l l u s t r a t e s  self-shielding effects7 Notice- 
able f i ss ion  product migration i s  not expected a t  t h i s  cpe ra thg  
temperature, bQt the autoredicgraph reveals a higher concentrztioa 
of f i ss ion  products near the periphery of the fue l .  
f i s s ion  p-oduct dis t r ibut ion is not symnetrical, i l l u s t r a t ing  the 
greater power generaticn on the side nearer the center cf the ME?. 

Fret t ing Corrosion Studies. Eddy current co i l s  a re  t o  be used in 
fabrication of an element fo r  PR"R impact ( f r e t t i ng )  corrosion 
evaluation i n  the EDEL-1 Loop. These co i l s  w i l l  continuously 

. monitor t he  re la t ive  position of the 12 outer rods of a 19-rod 
cluster  with respect t o  the ver t ical  t e s t  section. 
compaction of a prototype fue l  rod containing the eddy current 
c o i l  produced spall ing of the quartz co i l  base. 
eliminated by surrounding the co i l  with -325 m s h  Zr@ powder be- 
fore  vibration. 

Also, the 

Vibrational 

Spalling was 

We1 Element Design Studies. A PRTR Mrk-I fue l  element having 
continuous ring contact surfaces on the end f ixtures  was tes ted 
47 days a t  PRTR coolant conditions i n  the TF-7 f a c i l i t y .  
superf ic ia l  wear occurred and only on the bottom r b g  even though 
the process tube was severely vibrated throughout the  t e s t .  

Only 

me1 Element ffRejuvenation". Three, one-foot-long rejuvenation fuel  
rods were fabricated with 1/8-inch I D  s ta ic less  s t e e l  tubes down the 
center of the rods. 
element (GEH-4-81, now being r e t m e d  f ron  the  MTR) w i l l  be combined 
with these three new rods t o  make a four-rod cluster  t e s t  element 
f o r  second cycle i r radiat ion i n  the MIX. 

Cne rod fromthe irradiated rejuvenation fue l  

Fast Reactor-Thermal Reactor Interchange Element. 
designed f o r  proposed i r radiat ion i n  both the PRTR and i n  a f a s t  
reactor. 

A fue l  element was 

A design fo r  a modified PRTR process tube with inser ts ,  . .  
- . :  
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required to accommodate the square array of fuel rods, was sub- 
mitted to the Nuclear Safety Studies component for comment.’ 

Beryllium Joining. 
force resistance welds on beryllium supplied by France and Oak 
Ridge was completed. 
are obtainable that will limit recrystallization grain size to di- 
mensions equal to, or only slightly larger than, the original grains 
i n  the French material. In the Oak Ridge material graip size in the 
weld area is either equal to, or smaller than that of the parent 
mtal. 

Initial metallographic exasination of magnetic 

This examination indicated welding conditions 

Corrosion and Water Quality Studies 

Dissolution of Plutonium Ceramic Cores. 
radiated MgO-Puo;! fuel rod sections in the IRP was completed. 
Eighteen hours at 300 C was required to dissolve the core of the 
element. 
from 2.27 r/hr to 3.07 r/hr. A l.7M sulfamic acid solution with 
inhibitors was used for the dissoluzion step. 
dropped to 2.06 r/hr during the pressurization of the chemical 
solutions in the loop and did not change during an additional 45 
minutes of recirculation at 40 C. The APOX solution was used for 
one hour aO lo5 C and then 1 M sulfamic solution was used. 
tion of the filter reading to-1.66 r/hr occurred during pressuri- 
zation and did not change after 43 hours at 70 C. 

The eighth test using ir- 

The filter activity increase from the element was small, 

The filter activity 

Reduc- 

Facilities for Measuring Impact Corrosion of Zircaloy. 
dash autoclave has been installed in the 314 loop and will be 

A magne- 

operating as soon as the loop is operating. 

The second autoclave which is scheduled for installation in the 
PFlTR is available and will be installed when the design change is 
approved. 
appears doubtful because of the large amourit of maintenance work 
scheduled for the PRTR. 

Installation of the unit durirg the month of April 

Impact Corrosion of Zirconium. 
cluded to evaluate the use of a circumferential bumper spring 
support as a means of preventing iqact corrosion of zirconiumtubes 
with vertically suspended fuel assemblies, such as those in PRTR. 
A thin flat 302 stainless steel spring was affixed over the three 
support projections. 
LiOH, no sign of impact or fretting corrosion was noticed on either 
the Zircaloy-2 tube against which this test assembly was free to 
vibrate or on the steel spring. 

A test in TF-2 facility was con- 

After six weeks of operation at 300 C, pH 10 

By comparison, similar tests without 
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the  spring resulted i n  several nils penetration in a shorter 
period of time. Although the increase i n  support area and re- 
duction in amplitude of vibration undoubtedly acted t o  reduce 
the attack, the principal e f fec t  of the spring w a s  probably t o  
absorb the energy of impact. 

PKllR Primary Coolant Zirconium Concentration. 
routinely monitor the zirconium concentration i n  the PRTR primary 
coolant was continued. 
used t o  obtain.the analytical  data. 
d i s t i nc t  points: 

The p r o g r m t o  

EWssion spectrographic techniques were 
Recent results indicate three 

1. In general, the  zirconium concentration was low, that  
is, i n  the 0-1 ppb range considered normal for t h i s  
system. 

Relatively high concentrations (2.5-10.0 ppb) were en- 
countered fo r  two Oays during and a f t e r  replacement of 
several tube-to-nozzle gaskets. 
flange faces might have introduced zirconium immediately 
pr ior  t o  these measurements. 

During the  eight-day-continuous operating period from 
3/q-4/3/63, the  zirconium concentration increased 
marked.ly indicating a sustained high release ra te  of 
zirconium. 

2. 

Resurfacing the tube 

3. 

A continuous colorimetric procedure f o r  measuring t race concentra- 
t ions of zirconium i n  water was investigated. 
veloped can detect concentrations as  lov as 1-2 ppb i f  the zirconium 
is  present i n  ionic form. 
solutions causes l o w  resul ts ,  however, and fur ther  t e s t s  have been 
discontinued temporarily pending development of a suitable procedure 
fo r  converting a l l  zirconium present t o  the ionic form. 

The procedure de- 

Hydrolysis of the zirconium i n  aqueous 

Corrosion Rates and Deuterium Absorption of Zirconium Alloys i n  D20. 
Samles of alpha annealed Zircaloy-2, Zircaloy-4 and crystal  bar 
zlr&ium are-being exposed at  275 C and 360 C i n  pure recirculated 
pH-10 m0 ( 9 9  purity).  The data a f t e r  28 days a t  275 C indicate no 
change in corrosion rate compared with H20 data. 
gains i n  360 C IQO are about 3 6  greater than previous runs in 360 C 
H20. This is  probably due t o  a brownish unidentified deposit found 
on the 360 C samples. I n i t i a l  deuterium absorption ra tes  are  higher 
in 275 C pH-10 &O than previous data in  300 C pH-10 H20, while deu- 
terium rates i n  360 C B O  are  lower than comparable 360 C pH-10 H20 
results. The hydrogen pickup resul ts ,  par t icular ly  a t  275 C, should 

Hawever, weight 

I I O 3 2 5 0  
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be regarded as preliminary because of analytical  uncertainties 
associated w i t h  the very low levels  of hydrogen. 

Steam Generator Corrosion Couporis. 
the secondary side of the main steam generator (HX-1) I n  June 1961, 
have been periodically examined and some replaced since their  in- 
s ta l la t ion.  The carbon and s ta inless  s t e e l  coupons are suspended 
on a vert ical  holder which placed some coupons in the steam phase 
and some i n  the water phase during normal operation. A l l  coupons 
are submerged during shutdown. 
ported on here was 295 days (withdrawn in February 1963). - 

No cracks, pits  or other localized corrosion of the 304 stainless  
s t e e l  coupons were noted during examination a t  1OX. 
displayed a l i g h t  deposited fi lm which was not ren;oved because the 
coupons were returned t o  test. Previous experience has shown tha t  
the uniform corrosion of s ta inless  s t e e l  i n  t h i s  system i s  extremely 
small. 

Corrosion coupons placed i n  

The exgosure period of samples re- 

The coupons 

'? 
. - 4  .!. \a . . .  

The carbon s t ee l  coupons were weighed, examined, and two were 
stripped of corrosion product and deposited film. 
seen, especially i n  crevices, w i t h  one of the deeper p i t s  measuring 
eight mils. 
uniform pehetration of 1.4 mils. Two coupons carried over from the 
previous exposure period of 222 days showed only a minor change in 
weight and appearance. 
stripped, have been returned t o  t e s t .  

Minor p i t s  were 

A metal weight loss measurement corresponded t o  a 

All coupons, except the two which were 

Reactor Components Development 

Destructive Examination of Tube 0720. 
f romthe PKlX under the PRTR pressure tube surveillance program was 
nunbeEd 0720. 
fue l  element ruptured and it was considered necessary t o  learn i f  
t h i s  rupture caused hydriding of the tube. 
examinatim indicated tha t  the  rupture did cause localized hydriding 
of th i s  tube and, therefore, tube 0720 had been compromised by the 
fue l  element rupture. 

The eighth tube discharged 

The reason 0720 was discharged was t ha t  a MgO-pUO2 

The resu l t s  of the  

Destructive Examination of Tube 5683. 
the F%TR under the PKCR pressure tube surveillance program was 

The ninth tube discharged from 

numbered 5683. 
operating month had passed since discharge of the eighth tube. 
operating month c r i t e r i a  fo r  tube discharge rate  was imposed by the 

The reason 5683 was discharged w a s  that one PFtI?l 
This 

General Electr ic  Technological 
OD scratches during discharge. 

Hazards Council. 
These scratches 

Tube 5&3 suffered 
were observed and 

1 

Y 
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photographed while the tube was under water i n  the PRTR basin. 
In-reactor inspection of tube 5683 revealed several marks which 
had been caused by fue l  wire wraps and by upper and lower fue l  
supports. 
than one mil t o  eight mils. 
of t h i s  tube was 4.8 x 1019 minimum and 4.25 x 1020 nvt maximum. 
In-reactor measurement of the ID w a s  3.252 inches. Be-exposure 
inspection reports indicate tha t  the ID was between 3.245 and 3.255 
inches so there w a s  good agreement between f i n a l  inspection and 
in-reactor measurements. 

Pre-exposure inspection reports show tha t  the 5683 had an unetched 
spot on the ID 13 f e e t  f romthe flange and three scratches on the 
OD a t  one, six, and 16 fee t  from the flange, respectively. 

The pre-exposure and in-reactor information on tube 5683 indicates 
t ha t  t h i s  tube would not have been considered a hazard. 
of t h i s  tube are now ready fo r  burst testing. 

Depth measurements of these marks varied from less 
The calculated f a s t  neutron exposure 

Sections 

Pressure Tube Monitoring. 
the l a t t e r  par t  of t h i s  month. 
located in the three center rows (1400, 1500 and 1600) of the P"R. 
This inspection provided a f a i r  sampling of fringe, charged with 
mixed oxide elements, and central, charged with Uo;! elements, zone 
tubes. 
pad o r  repadded and circumferentially bonded elements produce l e s s  
f r e t t i n g  corrosion. 
produced by the w i r e  wrap on a single fue l  rod, the f r e t t i ng  cor- 
rosion, in general, w a s  not severe. 
f r e t t e d  areas associated w i t h  the sp i r a l  bundle wire wraps of the 
U@ elements in those tubes which operated-with U@ elements f o r  
any period of time. 

Fifteen of the tubes were also measured f o r  ID'S and eccentricity 
of the gas annulus. Although the data analysis 
a p r e l w n a r y  check indicates t ha t  a l l  channels are within specifi-  
cations 

Twenty-one process tubes were examined 
All of the tubes examined w e r e  

Fromthis inspection, it i s  clear ly  evident that the wide 

Except f o r  an 8- t o  12-mil deep f r e t t i ng  mark, 

There were, however, many new 

i s  not yet complete, 

Second Generation Mechanical Shim Rod f o r  PRTR. 
the driving head including the assembly drawings, par t s  l T s t s ,  and 

Detailed design of 

heat s i n k - i s  95$ complete. 

Fabrication of the components f o r  the f i r s t  drivlng head is  estimated 
85s complete. 
head is estimated 40$ c o q l e t e .  
rotary limit switches f o r  both assemblies ar,d the selsyn posit ion 

Fabrication of the components f o r  the second driving 
Orders have been placed f o r  the 

. -  . : - .  ... , , - - .  ' 
x _.' 
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indication equipment f o r  the second assemSly. 

Detailed design of the lower shim rod assembly, which includes 
the control rods, lead screws, guide extrusion, and shielding, 
is  estimated 35% complete. 

F i r s t  Generation Mechanical Shim Rod Test. 
PFCl'R shim rod has been instal led i n  the Ehvironment Test Fac i l i ty  
and exposed t o  prototypical conditions (except f o r  nuclear radiation) 
f o r  11 days. 
only d i f f icu l ty  encountered t o  date has been the tendency of the 
single rod drive t o  coast downward. 
rod moved from f u l l  up t o  f u l l  down in about three hours. The ten- 
dency f o r  the rod t o  coast has decreased with increased exposure t o  
the operating environment, as was observed during init ial  shim rod 
t e s t s .  

The new f i r s t  generation 

The shim rod has been operated b r i e f ly  each day. The 

On a t  l ea s t  one occasion the 

.-, ... . .  . . ... .. 

. 

EDEL-I Renovation. 
pleted on the loop. 
the resu l t  of convection currents i n  the stagnant l i ne  leading t o  
t h e  flanges, and it was necessary t o  provide cooling by wrapping 
the connecting pipe with copper tubing t o  pass cooling water. 

loop is ready for  extended operation. 

High temperature shakedown t e s t s  have been com- 
The system rupture disc flanges overheated as 

The 
disc remains within design temperature w i t h  t h i s  modification. The e. 
Frett ing Corrosion Investigation. 
the p i t  piping t o  provide a prototypical PKTR pressure tube t e s t  

Design i s  essent ia l ly  complete on 

assembly- f o r  the f r e t t i ng  corrosion investigation. 
such as the pressure tube, jumpers, and r,ozzle are  being gathered 
fo r  ins ta l la t ioz .  
fuel  element is coapleted by the Advanced f i e f s  Development Operation. 

A small autoclave was instal led i n  EDEL-I t o  be used as a f r e t t i ng  
corrosion standard. Small Zircaloy-2 samples are  instal led imide  
the autoclave with one being iq inged  OE, the ofy'ner periodically by 
an external electromagnetic pulsing u n i t .  
ins ta l led on the PKllR primary lcop and i n  the Coolant Systems De- 
velopment loop used fo r  fretti-ng corrosion t e s t s .  The resul ts  i n  
these three uni ts  will be coqared t o  determine i f  there i s  any 
ef fec t  from varying water chemistry i n  the three systems. 

Component par ts  

Testing w i l l  begin as soon as  an instrumented 

Similar mits w i l l  be 

PRTR Rupture Loop Components. Discussions were held witn Gray Tool 
Company on leakage and out-of-round conditions experienced in  tes t ing 
of the stainless s t e e l  Grajrloc connector f o r  the PFU'R Rupture Loop. 
It was determined tha t  there was an 
For improved r e l i ab i l i t y ,  Gray Tool 

error  i n  the connector design. 
Company w i l l  incorporate 
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( 8 )  a spherical nut seat  and (b) a center re l ie f  groove i n  the 
clamps in replacement conqonents. The spherical nut seat  w i l l  
reduce bending s t resses  i n  the clamp bol ts  and the  center re l ie f  
groove is  reported t o  yield more m i f o r n  c l w i n g  pressures 
around the hub. 

PKlTR Pressure Tube Seals. 
pressure tube sea l  t e s t  assembly t o  be ins ta l led  on EDEL-I. 
nozzle, and bottom seals  can a l l  be tes ted a t  once on the three 

Design is  8 6  complete on a 3-station 
Cap, 

units.  

Shroud Tube Replacement Mockup. 
the shroud tube replacement mockup p i t ,  which w i l l  be used t o  
develop PRTR calandria shroud tube removal and replacement tools .  

Work is  in progress t o  complete 

Hazards Analysis 

F%TR Fuel Element Rupture Test Faci l i ty .  Process Specif'ications 
f o r  the operation of the PRTR Fuel Element Rupture Test Fac i l i ty  
have been drafted and are being circulated fo r  corment. 

Plutonium Recycle Cr i t ica l  Faci l i ty .  A hazards analysis of the 
Plutonium Recycle Cr i t ica l  .Facil i ty w i t h  light-water moderator 
and mixed-oxide fue l  elements (fabricated fo r  the EBWR loading) 
has been completed. It was found tha t  operation under proposed 
l imi t s  would not lead t o  a nuclear accident i n  which fue l  melting 
would occur. 
accidents i n  PRCF c r i t i c a l  experirnents f o r  the EBWR loading would 
be l e s s  than the maximum credible accident described i n  the origin 
safeguards analysis. 

It was concluded tnat the severity of the credible 

Additional three-group diffusicn Theory calculations k'ere completed 
f o r  EBWR loadings t o  be investigated i n  the PRCF. 
resonance self-shielding parameters which occurred because of an 
ambiguity i n  t i e  GAM-I program description was discovered and cor- 
rected. 
tion and, hence, c r i t i c a l  mass f o r  the loadings studied. 
s t i l l  appears t o  be some discrepancy between resonance integrals  
generated by GAM and measured values. 
f o r  excursion calculations on the analog computer are  only s l igh t ly  
affected and it w i l l  not be necessary t o  repeat the t ransient  
analysis. A summary of tnese calculations i s  presented i n  HW-69168 
S W ,  "Plutonium Recycle Cr i t ica l  Fac i l i ty  Final Safeguards Analysis 

An er ror  i n  

This resulted i n  an over-estimate of the resonance absorp- 
There 

Huwever, parameters derived 

*-- 
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2. Plutonium Ceramic Fuels Research 

Preparation of High Density U @ - 2 . 5  w/o pU@ Materials. 
density (> 9 9  TD) U@-2.5 w/o Puo;! m t e r i a l  was produced by arc  
melting pressed pe l l e t s  under one atmosphere of argon. 

After arc  melting the material was massive i n  form, with a density 
of 10.99 g/cm-3. 
t o  arc-blow of the powder released from the green pe l le t ,  pre- 
sumably caused by incorrect arc distance fromthe tungsten electrode 
t o  copper hearth. 

High 

Pel  e t s  
were f i r s t  pressed without binder t o  a density of 5.89g/cm- 3 . 

Material loss was about 60$ during melting, due 

Impaction of Plutonium-Containing Mte r i a l s .  High-energy-rate 
Impaction techniques were used t o  impact specimens of PUN, a 
50 v/o PUN-W c e m t ,  and Pu@. 
tonium within the i q a c t i o n  assembly was realized i n  each case. 
The Pull was densified t o  13.66 g/cm-3 ( 9 5 . s  TD). 
f icat ion attempts by sintering and arc melting always resulted i n  
the formation of Pu metal inclusions due t o  thermal decomposition 
02 the PUN. 

Complete containment of the plu- 

Previous densi- 

Microhardness of the impacted PUN was 460 kg/xmr2. 

Dispersions of PIIN and P U Q  i n  A l N .  
heated i n  flowing He f o r  12 hours a t  1700 C. 
of the pellet mass volati l ized leaving small gold-colored globules. 
PuQ-50 v/o AlN pe l l e t s  were sintered i n  flowing He f o r  8 hours a t  
1600 C. 
l o s t  abo;lt 25% of t h e i r  mass. 

PUN-50 v/o A l N  pe l l e t s  were 
Approximately 60% 

c. 
3 

The sintered pe l le t s  were deformed and appeared t o  have 

s. 

Plutonim Cermets. 
50 v/o Mo, were pelletized and sintered. i n  flQwing He. 

Two mixtures of Puo;! and Mo, 28.6 v/o and 
The sin- 

tered densi t ies  were 91.9-92.55 TD and 95.6-96.15 TD, respectively. 
hktallographic exaninations showed the presence of the lamellar 
Puq.70 eutectoid structure i n  each case. 
uniformly distributed, but the coritinuous phase was PU@,~. 
ident i f ied by x-ray diffract ion were PuQ, alpha-Rx203, and Mo. 

Pu%-50 v/o W pel le t s  were sintered i n  flowing He. Sintered den- 
s i t i t r  ranged from 75.8 t o  935 TD. 
structure was clear ly  vis ible  in photomicrographs. The tungsten 
was uniformly distributed i n  a continuous P I L ~ ~ , ~  phase. 
diffract ion showed the presence of Puo;!, alpha-Pu203, W, and WO3. 

Ins tab i l i ty  of Molten (U, PU) C. Preliminary data show tha t  plu- 
tonium is l o s t  select ively from molten UC-2 w/o RrC.  Two buttons 
of t h i s  composition were held molten f o r  1, 2, 4, and 8 minutes. 
The f i r s t  buttan was made by tungsten arc  melting from stoichiometric 

The P U @ , ~  and Mo were 
Phases 

The lamellar Pdq.70 eutectoid 

X-ray 
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UC (4.8 w/o C )  and the second from s l igh t ly  hy-perstoichiometric 
UC (5.2 w/o C ) .  

Electr ical  Resis t ivi ty  of PUC. The e l ec t r i ca l  r e s i s t i v i t y  of a 
37.2 a/o C arc-cast P u C  sample a t  500 C was 222 ~ A - c m .  
the sample t o  520 C caused the r e s i s t i v i t y  t o  abruptly decrease 
t o  215 p a - c m ,  and then slowly return t o  i ts  original value i n  
about 120 hatars. A similar behavior was observed at  537 C. 

Heating 

3. Ceramic (Uranium) Fuel Research 

U@ Performance Limits. Thermal expansion character is t ics  of Uo;! 
may impose an opera thg  limit on UQ fueled elements. 
analyses indicate tha t  the maximum permissible heat r a t ing  of Uo;! 
fue l  elements i s  sharply defined by fue l  diameter and fuel  bulk 
density. It i s  considered possible t c  increase the neat f lux limit 
by proDerly programming reactcr s tar tup t o  suitably modify tile fuel 
st ructure  during the early stages of i r radiat ion.  

Mathematical 

I r radiat ion of Single Crystal U@. Four t e s t  cagsules containing 
various geometrical combinations of *-inch diameter sintered Uo;! 
pe l l e t s  and single crystal  U@ pe l l e t s  were discharged a f t e r  suc- 
cessful i r radiat ion during .one ETR cycle (approximately 1000 bMD/Tfuel) 
a t  a surface heat f l u  of approximately 800,000 Btu/hr-ft2. Four 
similar capsules w i l l  be discharged a f t e r  f ive  ETR cycles. 

Examination of these capsules w i l l  provide a d i rec t  corngarison of' 
the thermal conductivity of large grain and snall grain U@. 

Optical Properties of UQ. 
c rys ta l  UqZ is  s ignif icant ly  ;nore transparent than polycrystalline 
U@ i n  the infrared at  wavelength greater than 1.0 p. 
considerable transmission through single cyrs ta l  specinens even i n  
the visible wavelengths. 
red in transmitted l i gh t .  

Optical absorption data show tha t  single 

There i s  

Specimens l e s s  tkan 0.007 cmthick appear 

Basic Materials f o r  Research. 
t o  3000 mgs in weight were prepared and characterized f o r  shipment 
t o  Euratom f o r  dis t r ibdt ion t o  s i t e s  i n  Germany and France. 
addition, 30 kilograms of high-energy-rate impacted Uo;! were pre- 
pared, characterized, and packaged fo r  shipment t o  Guratom f o r  ir- 
radiation studies i n  BR-3. 

Preparation of Uranium Phosphide. 
chiometric amounts of uranium metal shot and phosphorous was used to  
produce UP. 

Uo;! single c rys ta l  spheres from 50 

In 

A solid-solid reaction of s toi-  

The reactants were sealed under an ine r t  gas in a 
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quartz tube within a s ta in less  s t e e l  reaction tube and placed 
i n  a furnace f o r  reaction. 
point of 1900 + 50 C with no apparent reaction with the tungsten 
ribbon filamen7. 
clusions, melted near 2700 C, suggesting some oxygen contamina- 
t i on  during reaction. 
a re  now i n  progress. 

Preliminary data indicate a melting 

A f rac t ion  of the m t e r i a l ,  probably Uo;! in- 

X-ray diffractometer and chemical analyses 

Uranium lbnosulfide. 
-(USn-m)_gecreased 50 C during irradiatim t o  approxima+,ely 

The melting p o k t  of uranium monosulfide 

1.5-x’i01b fissions/cm3. 
and a 95$ increase i n  nardness were measured previously. 

A OIOg:’, di la t ion  of the US l a t t i c e  

Electron Microscopy of US. 
ref lect ion electron microscopy during controlled electron beam 
heating. 
between grains, but individual pa r t i c l e s  or’ a second phase 
material remained unchanged a t  t e q e r a t u r e s  t o  lb50 C. 
havior supports e a r l i e r  suggestions,, based on metallographic 
examinations, tha t  the second phase may be U%. 

U r a n i u m  monosulfide w a s  examined by 

Pronounced thermal etching occurred on the US and 

This be- 

Aluminum Nitride. Because of i t s  refractory properties,  res is-  
tance t o  l iqu id  E ta1  corrosion, and low cross-section, aluminum 
n i t r ide  >fU) is of i n t e re s t  f o r  nuclear applications. Alumlnum 
n i t r ide  (-325 mesh powder with 5 w/o s i l icon  carbi9e present as 
a so l id  solution) was heated t o  800 C i n  an evacuated container 
and high-energy-rate impacted a t  188,000 ps i  t o  form a compact 
disk. 
placement; 2.93 g/cm-3 (90s TD) by 320 displacement; and 3.22 g/cm-3 
( 9 9  TD) by He displacement. Measurements by.& porosimetry indi- 
cated some 30$ open porosity it tne r a g e  from 10 t o  0.06 microns. 

The density of t h i s  JUN w e s  2.3 g/cm-3 (70s TD) by Hg dis-  

Two corrosion samples of A l N ,  including one cracked open t o  expose 
a large surface area, vere immersed f o r  96 hours i n  300 C water. 
Based upon weight gains of both samples, conversion t o  A1203 with 
l ibera t ion  of NX3 w a s  complete. 

UO? Cermets. 
one inch th ick  were fabricated by high-energy-rate impactioE. 
large s ize  of the cermets allows the machining of specimens of 
standard s i ze  f o r  t e s t ing  of mechanical properties. 
cated i n  t h i s  s ize  include U@-35 v/o Nb, U 

Four-inch diameter, so l id  cermet discs  approximately 
The 

Cermets fabr i -  
v/o k, u*-35 v/o 

C r ,  U@-35 v/o s ta in less  s t ee l ,  and U02-50 
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Cermet Encapsulation. A technique f o r  the encapsulation of 
cermets simultaneously w i t ' n  the high-energy-rate forming of 
the cermet was developed. 
t he  impaction can and surrounded by a layer  of metal powder 
containing no ceramic. 
as that used f o r  the  matrix of the cermet. 
d i f fe ren t  than t h a t  of the matrix could be used. 

I r radiat ion Testing of Cermet Fuels. Six refractory metal clad 
cermet fue l  capsules were fabricated f o r  i r rad ia t ion  i n  the ETR. 
These capsules, which include two Mo-Uo;! and two Mo-UN cermets 
clad i n  Mo, and one W-U@ and one W-UN cermet clad i n  W, w i l l  be 
i r radiated f o r  r e l a t ive ly  long times a t  cladding texrperatures 
greater  than 2000 C. 

The cermet powder was loaded i n  

The encapsulating metal was the same 
However, a metal 

4. Basic Swelling Program 

Irradiat ion Program. Two coztrolled temperature gesersl swelliris 
capsules reached t h e i r  goal exposures and were discharged. One 
of the capsules operated a t  a constant temperature except f o r  a 
200-degree drop during a reactor outage t h a t  w i l l  have no bearing 
on the resu l t s .  
when control difficuMies.were encountered. This m y  well inf lu-  
ence the observations. 

The second capsule cycled i n t o  the beta phase 

A capsule containing specimens of high pur i ty  uranium, uranium 
with iron and s i l icon ,  and uranium w i t h  i ron and aluminum i s  
about 90s complete. 
of construction. These w i l l  contain high pur i ty  uraniuqU + Fe 
and Si, and U + Fe and Al with variols  mt2taliurgical conditions 
represented. 

Six a2ditional capsules a re  i n  various phases 

Supporting Studies. 
of nonirradiated control specimens of Zircaloy-2 clad dual en- 
riched uranium t h a t  had been annealed a t  650, 700, 800 and 950 C 
f o r  100 hours. The penetration of uranium i n t o  the  Zircaloy-2 was 
very nearly the same f o r  the nonirradiated coctrol  specimens a s  it 
was f o r  irradiated samples given equivalenfy annealing treatments. 
mere was essent ia l ly  no metallographic evidence t h a t  zirconium 
had penetrated i n t o  the uranium. There were d i s t i n c t  differences . 
between irradiated and nonirradiated specimens i n  the various com- 
pound layers  t h a t  fomed. Part of t h i s  var ia t ion is  a t t r ibu ted  t o  
differences i n  cooling r a t e  of the  furnaces employed which may 
allow high temperature phases t o  transform on cooling. 
fac tor ,  however, t h a t  accounts f o r  the differences i s  the swelling 
t h a t  occurred i n  the  i r radiated uranium. 

Optical metallograghy is  complete on a se r i e s  

The major 

The interdiffusion tha t  
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occurred had a pronounced influence on pore formation in the 
uranium adjacent to the clad. 
peratures studied. 
the significance and implication of this observation on fuel 
behavior. 

This was the case for all tem- 
Wre study is required to fully understand 

The uranium-uranium interface was also examined in the control 
specimens. Surprisingly, a distinct change in the appearance 
of this interface was observed. !Lkis interface could be seen 
in as-received samples as an irregular black line which at higher 
magnification looked as though it were actually a row of over- 
lapping small pita. After annealing at 800 C for 100 hours, this 
line is less distinct than after lower temperature anneals and 
after annealing at 950 C for 100 hours, it has completely dis- 
appeared. 
small oxide particles that etched preferentially during metallo- 
graphic preparation. 
would indicate that the oxides were dissolved at 800 C and above. 
This is somewhat surprising in that oxygen solubility is commonly 
believed t o  be quite low in uranium. 
being annealed to learn more about the conditions wider wnich 
this line at the uranium-uranium interface disappears. 

The stock..of high purity uranium that has been used in this program 
has been exhausted and a second extrusion has been fabricated and 
evaluated. 
The resulting ingot was cleaned, triple-beta quenched, and then ex- 
truded at about a 16 to 1 reduction in cross-sectional area. 

This line was thought to be due to the presence of 

The disappearance of tine line, tneref ore, 

Additional specimens are 

Hign purity dingot uranium was electron beam remelted. 

Chemical analyses were conducted (C, N and H have yet to be re- 
ported) and extensive metallographic study pei-fomed on s2ecimens 
representing each step of the fabricatior,. There were but very 
slight differences between the new mterial ar.d the previously 
used uranium. 
high purity uranium for future irradiations. 

Restrained Irradiations. 
of uranium is being investigated. 
selected uranium temperatures, cladding thickr*esses, and exposure 
are being irradiated in NaK-filled, teqerature monitored capsules. 
Recent irradiations of U-2 w/o Zr fuel, clad in Zircaloy-2, have 
shown that swelling is much worse in this alloy fuel than in un- 
alloyed uranium irradiated under identical conditions. The purpose 
of additional irradiations of Zircaloy-2 clad U-2 w/o Zr  fuel in NaK 
capsules, now under way, is to further investigate the swelling be- 
havior and mechanisms in this alloy. 

It will hence be used as the source cf specimens for 

?. 

The influence cf restraint on the swelling 
Zircaloy-2 clad uranium rods with 

One capsule has been discharged 
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. 
a t  an exposure of 1100 MWD/T. 
three fue l  samples in t h i s  capsule w i l l  be used as  a guide i n  
determining the discharge exposure of the remaining capsules. 
The vo lme  average fue l  temperature of these samples was approxi- 
mately 475 C. 

Evaluation of the  behavior of the 

Thorium. 
and 0.92 a/o, respectively, have been annealed a t  750 C fo r  100 
hours end are now being reprocessed f o r  hardness, density, and 
metallography. 
curred during the anneal. 

Two thorium specimens (B-2 and S - 3 )  i r radiated t o  0.18 

No change i n  the external shape or  appearance oc- 

Thorium-Uranium. 
4.0 and 5.4 w/o U) were recovered f romthe i r  respective non- 
instrumented, NaK-filled capsules wd t h e i r  densi t ies  determined. 
No change i n  the original density was observed. 
now being tens i le  tes ted a t  room temperature. 
then be processed f o r  metallography and hardness. 

Four thorium-uranium t ens i l e  specimens (1.0, 

The specimens are 
The broken ends w i l l  

5. I r radiat ion Damane t o  Reactor Metals 

. 

Alloy Selection. 
mens fo r  the Irradiat ion Effects on Reactor Structural  Msterials 
Program i s  continuing; 
AISI 304, AISI 348, AM 355, and Wrcaloy-2 alloys,  thus completing 
t h i s  phase of the procurement. 
these alloys should begin the first week i n  May 1963. 

Procurement of materials t o  be used as t e s t  speci- 

Orders have now been placed f o r  A-286, 

Witnessing of the fabrication of 

Inconel 600 and Inconel X-750 al loy bar, plate ,  and sheet stock were 
hot rol led a t  the Huntington Alloy Prcduct Division f a c i l i t i e s  on 
April 17 and 18, 1963. 
a complete fabrication history recorded. 

These alloys were hot rol led a t  2200 F and 

Tensile specimens of R-27, R-235, Hastelloy N, Inconel 625, 
Inconel 718, and TD Nickel were discharged fromthe ETR hot water 
loop f a c i l i t y  and brought t o  the Zarifcrd Laboratories Radiometal- 
lurgy f a c i l i t y .  These specimens were i r radiated f o r  one cycle t o  
three different  exposure levels  a t  280 C. Control specimens have 
also been received and w i l l  be examined t o  compare mechanical 
properties. 

midat ion resistance of various nickel base al loys i s  being compared 
by exposing heated specinens t o  flowing C@ and observing changes i n  
weight and microstructure. Two such t e s t s  were completed t h i s  month 
on Inconel 625 and TD Nickel exposed t o  Co;! a t  1800 F. . 
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In-Reactor Masurements of bkchanical Properties. 
of a ser ies  t o  determine the s t r e s s  dependency of 
i r radiat ion has now a c c u d a t e d  an excess of 2000 

The f i r s t  t e s t  
Wrcaloy-2 during 
hours of t e s t  

time. The 20$ cold worked Zircaloy-2 is being maintained a t  350 C 
with an applied creep s t r e s s  of 20,000 ps . 
1700 hours was determined t o  be 1.8 x 10- i  in/in/hr. This r a t e  is 
lower than the ex-reactor ra te  by an order of magnitude. The ra te  
during the l a s t  reactor outage was so slow tha t  it was d i f f i cu l t  
t o  measure accurately, but it appears t o  be s l i gh t ly  less than the 
rate during reactor operation. 
outages have been nearly equal t o  reactor operaticg creep rates  
f o r  t he+s t r e s s  and temperature conditions of t h i s  t e s t .  
observations have been made fo r  a l l  previously reported t e s t s  a t  
250, 310 and 350 C where the applied s t r e s s  was 30,000 psi .  In 
these t e s t s ,  reactor outage creep rates  exceeded reactor operating 
creep rates.  Additional t e s t s  w i l l  be made t o  determine i f  the 
observations made t o  date are the resu l t s  of s t r e s s  dependency. 

The creep rate  at  

Creep ra tes  during a l l  reactor 

Opposite 

Four ex-reactor 350 C, 20,000 ps i  Zircaloy-2 creep t e s t s  are i n  
progress. For two of the t e s t s  the material is the same as tha t  
used in the in-reactor t e s t s .  
accumulated 1900 hours of which the f i r s t  100 hours yielded no 
usable data due t o  a stuck d i a l  gage. The r e s t  of the curve has 
the s w * y p i c a l  shape as other ex-reactor curves. 
t e s t ,  increasing creep rates  as  a function of time are  being ob- 
served. This i s  not characterist ic of the material acd loss of 
t e s t  control is suspected. 
portions of the f i r s t  t e s t  are similar t o  thoee obtained on a 
second s e t  of two t e s t s .  
were obtained from material which was processed i n  the same manner 
as the original program material. 

The first, of these t e s t s  has 

For the second 

The creep ra tes  obtained i n  the l a t t e r  

Zircaloy-2 specimens f o r  these t e s t s  

During the past month, another capsule was charged in to  the 
reactor with the anticipation of running a t e s t  a t  310 C arld 
35,000 ps i .  However, before reactor s tar tup a leak w a s  dis- 
covered I n  the reactor f a c i l i t i e s  and the t e s t  capsule had t o  be 
discharged. The creep capsule suffered only s l igh t  contamination 
and w i l l  be recharged a t  a l a t e r  date. 

@ .  

Tensile tes t ing  of unirradiated Karma and Trophet A heating wires 
has been coqleted.  
t o  be tes ted along with the irradiated counterparts of a l l  four 
materials. 

Kanthal and 406 s ta inless  s t e e l  wire have yet 
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Irradiation Effects i n  Structursl  Mte r i a l s .  The purpose of t h i s  
program is t o  investigate the combined ef fec ts  of i r radiat ion and 
reactor environment on the mechanical properties of s t ruc tura l  
materials. Special attention w i l l  be given t o  the determination 
of mechanical property changes produced i n  metals by i r radiat ion 
a t  elevated temperatures. 

During the month, 122 specimens were tested,  72 of which were ir- 
radiated notch t ens i l e  specimens of Zircaloy-2 and the remainder 
unirradiated control specimens. The control specimens included 
24 tens i le  specimens of AISI 348 and -350 s ta in less  s t e e l  and 
10 t ens i l e  and 16 bend t e s t  specimens of Wrcaloy-2. 

A shipment.of 294 specimens i r radiated i n  the G-7, hot water loop 
was received during the month. 
notched tensi le ,  and bend t e s t  specimens of Wrcaloy-2; AISI 304, 
348, 410, and AM-350 st.ainless s teels ;  and a variety of nickel 
base alloys. 
1019 t o  1021 nvt (e 1 k v ) .  
were established. 

This shipment contained tens i le ,  

Neut.ron exposures f o r  these specimens ranged from 
Testing schedules f o r  these specimens 

Twelve capsules containing s ta inless  s fee l  and nickel a l loy samples 
have been sent t o  the ETR fo r  i r radiat ion ic tiie 3x3, G-6 position. 
Capsule design permits specimen surface temperatures t o  be tha t  of 
the  bulk reactor water (- 120 F). Since the G-6 position is adja- 
cent t o  the G-7, hot water loop, data obtained from these i r radia-  
t ions w i l l  separate the effect  of i r radiat ion temperature from the 
over-all e f fec ts  of reactor erivironmelit OG ae ta l lurg ica l  properties. 
The capsules w i l l  be charged a t  the end of c le  54 fo r  accumulation 
of neutron exposures ranging from d g t o  IOgr nv?. 

Two cryogenic apparatus f o r  use w i t h  the Instron t ecs i l e  instrument 
were developed. 
a constant-temperature bath. 
be continuously varied between 7 and 250 K. 
control i s  provided by a Brown recorder-controller; an electro- 
pneumatic converter; and an automatic, a i r  operated, flow control 
valve. 
directed on the specinen a t  a controlled r a t e  by means of a per- 
forated copper coi l .  
for t h e m  gradients due t o  heat cocduction from the grips and 
loading fixtures.  

With the f i r s t  a t ens i l e  t e s t  can be condu2ted i n  
W i t h  tiie second the temperature can 

Automatic temperature 

Liquid nitrogen i s  vaporized, and streams of the vapor are 

The co i l  i s  especially designed t o  compensate 

Tensile tests of transverse Zircaloy-2 specimens containing 0, 10, 
20, and 4 6  cold work were conducted at  -75 C and -196 C using the 
constant-temperature bath apparatus. Tensile t e s t s  below room 

. .  
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temperature Gerve a two-fold purpose - t o  determine the temperate 
a t  which (Uzl) and (1122) twinning contribute t o  p las t ic  deforma- 
t ion  and t o  obtain strength values f o r  use in  fracture investiga- 
tions. 

Strains were measured with a Baldwin, separable-type extensometer, 
which was  affixed t o  the t e s t  specimen and immersed i n  the bath. 
Prior t o  testing, the extensometer was calibrated over i t s  en t i re  
extension range by a Boeckler screw and micrometer which was a t  
equilibrium with the bath temperature. No decrement in l inear i ty  
or accuracy of the microformer was observed f o r  the two bath tem- 
peratures employed. 

The 0.2s offset  yield strength and the ultimate strength of 
Zircaloy-2 are  about &$ higher a t  -196 C tnan a t  room temperature. 
The change i n  strength with temperature decreases with increase 
i n  temperature. 
varies with temperature. The difference i n  yield strength between 
aMealed and 10s cold worked Zircaloy-2 increases with decrease i n  
temperature. Greater amouts of cold work cause a marked, con- 
tinuous increase i n  strength a t  room temperature; impart l i t t l e  
additional strength a t  -75 C; and show a reversal i n  strength a t  
-196 C, where a maximum i n  strength occurs a t  20$ cold work. 

!he d u c t i l i t y  of Zircaloy-2 varies nearly i n  a l inear  manner with 
temperature below room temperature. Whereas the uniform strain of 
annealed, transverse specimens increases from 12 t o  18% from 20 t o  
-196 C, the  t o t a l  s t r a i n  decreases from 35 t o  18% and the reduction 
i n  area is  great ly  reduced. Both uniform and t o t a l  s t r a in  of cold 
worked specimens increase s l igh t ly  with decrease i n  temperature. 
There i s  essent ia l ly  no change i n  these p o p d r t i e s  w i t h  cold work 
greater than 1 6  a t  each of tne temperatures of tes t ing.  

m h e r m o r e ,  the e f fec t  of cold work on strength 

w - .  

A test arrangement f o r  inductively heating tens i le  specimens fo r  
tes t ing  at  temperatures t o  4000 F is  being developed. 
t e s t s  show t ha t  desired t eqe ra tu res  can be achieved with l e s s  
than 5 kw power input by employing tantalum susceptors. 
concentrators t o  a t t a i n  higher temperatures with lower power con- 
sumption are  being examined. An improved radiant lamp furnace 
has been designed and is  being fabricated f o r  high temperature 
testing i n  a variety of gaseous atmospheres. 

Preliminary 

Current 

Fracture studies of notched Zircaloy-2 specimens containing 23$ 
cold work and tes ted i n  slow bending showed t h a t  a t ransi t ion from 
ductile t o  br i t t l e  f racture  occurs a t  -80 C. 
of the specimens were examined by electron microscopy during the 

The fractured surfaces 

. .  
.- UNCLASSIFIED 



--, 
'_ . .  . .  

4 

UNCLASSIFIED A- 39 m-77397 

month. The microfractographs of specimens which fa i led  by crack 
propagation transverse t o  the rol l ing direction had in general a 
duct i le  appearance both above and below the t rans i t ion  temperature. 
A t  temperatures below the t ransi t ion,  however, f l a t  regions broken 
by a network of s t r ia t ions  were observed t o  be scattered throughout 
the structure.  Crystallographic patterns having hexagonal symmetry 
were also observed. These features appear t o  be related t o  the 
fracture  mode and might account f o r  the low fracture  strength below 
-80 C. Sections through the fracture  t race of t.he broken bend-test 
specinens are  being prepared f o r  metallographic examination. 
examination w i l l  reveal tne modes of deformation tha t  operate a t  
temperatures above and below the duc t i le -br i t t l e  t rans i t ion  tempera- 
ture.  

Such 

Available inforination shows the impact t rans i t ion  temperature i n  
Wrcaloy-2 t o  be as much as 300 C higher than the slow notch bend 
t rans i t ion  temperature. Charpy -act specimens are being pre- 
pared t o  attempt t o  find an explanation f o r  so large a s h i f t  i n  
t rans i t ion  texperature with s t r a h i  ra te .  In addition t o  tfie cold 
worked material studied t o  date, slow notch bend specimens of 
annealed Zircaloy-2 are  being prepared t o  determine the  e f fec ts  of 
cold work and anisotropy on the fracture  behavior of Zircaloy-2. 

Damage Mechanisms. 
the nature of the interaction between defects present pr ior  t o  
i r radiat ion and those produced d u i n g  i r radiat ion,  with emphasis 
on the  role played by i n t e r s t i t i a l  impurities. 
i s  presently concerned with 'nigh puri ty  i ron and i t s  low carbon 
and nitrogen alloys. 

rllhe objective of t h i s  program i s  t o  establish 

The investigation 

!Fwo alloys of Fe-Ti were pre-Eared, one firom Ferrovac "E", the other 
from M t e r i a l s  Research Corpcration zone-refined iron, t o  investi- 
gate the effectiveness of T i  i n  tying up i n t e r s t i t i a l  impurities in  
iron. 
s t i t i a l  content, an amount shown by previous investigators t o  be 
suff ic ient  t o  remove the yield point in iron. 
prepared by co-melting the i ron and t i t an ium i n  a berylia crucible 
using induction heating ard a graphite susceptor. 
be evaluated by t ens i l e  tes t ing,  elect.ron transmission microscopy, 
and optical  microscopy. 

The amount of T i  added i n  each al loy w a s  4.5 times the int.er- 

The samples were 

The samples will 

Thin f o i l s  of i ron have been successfully deformed on the Instron 
t e s t ing  machine and subsequently thinned and examined by electron 
transmission microscopy. 
was accomplished by gluing the  ends of the f o i l  t o  tabs which i n  
turn were held in the grips of the Instron machine. 

The d i rec t  deformation of these f o i l s  

Tbe use of an 

'I ,-- 

UNCLASSIFIED 



U N c L A s s m  A-40 m-77397 

epoxy resin adhesive w a s  found t o  be en t i re ly  sat isfactory f o r  
t h i s  purpose. The method is superior t o  previous deformation 
methods using GE adhesive or  Duco cement t o  hold a f o i l  sanple 
on a larger  tens i le  specimen because it permits a d i rec t  mea- 
surement of the tens i le  properties of the f o i l  material and 
deformstions t o  fracture can be obtained where only a few per- 
cent s t r a i n  was previously obtained. 

Observations of an unirradiated f o i l  of Johnson-Wtthey iron de- 
formed 5s by the method described above show aany dislocation 
tangles and no evidence of pile-ups. 
i n  that many of the older theories of yielding i n  iron were based 
on a mechanism of dislocation pile-up a t  grain boundaries. In 
addition, it was observed tha t  the d i s loca t im  tangles were more 
nunerous around the grain boundaries leadicg t o  the  conclusion 
tha t  the grain boundaries were sources of dislocations. 
t ion  loops typical of p las t ica l ly  deformed m t e r i a l  were also 
observed. 

This observa5ion is important 

Disloca- 

Zircaloy Corrosion and Hydriding. 
several irradiated Zr-2 coupons from quadrznts 46, 48 and 82 

Hydrogen pickup resul ts  f o r  

were obtained during the report period providing additional in- 
formation on the variation of pickup of corrosion product hydrogen 
with work history. These coupons were rAot analyzed f o r  hydrogen 
previously because they were duplicates of analyzed coupons from 
quadrants 45, 47 aad 81, both with regard t o  material and ir- 
radiation exposure history. 

The fract ional  pickup of theoret ical  ccrrosion hydrogen fo r  the 
annealed coupons was found t o  be consis$ently l e s s  than one-third 
of t h a t  found,previously, wnile the pickup for  lo$ cold worked 
material remained approximtely unchanged. A t  20$ cold work the 
values were up t o  60$ lower than the e a r l i e r  results, and a t  405 
cold work the pickup ranged t o  4 6  lower than indicated ear l ie r .  
Thus, these recent analyses do cot show a t.er,der;cy f o r  reduced 
hydroge&pickup at  the leve l  of 10; cold work EO mch as a general 
trend of increased pickup with increasing levels  of cold work. 

!Be only known difference between the h is tor ies  o f . t h e  se t s  of 
samples analyzed previously and those recsritly aralyzed is a 
matter of about four months of additional auto-irradiation pr ior  
t o  analysis. To determine whetker additional the  and i r radiat ion 
might have a measurable effect  on hydrogen conterit, samples of 
coupons from quadrants 45, 47 and 81 were analyzed again f o r  hy- 
drogen content. Results were closely comparable with the previous 
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data. 
real and independent of tine and post-discharge auto-irradiation. 
me basic cause of the  reduced hydrogen pickup shown by material 
i n  quadrants 46, 48 and 82 renaira unexplained. 

The over-all averages of hydrogen fract ional  pickup resu l t s  from 
more than 30 determinations performed t o  date on 18 irradiated 
coupons a t  each level of cold work show the following variation: 
15, 11, 17 and 20$ hydrogen pickup a t  0, 10, 20 and 4 6  cold work, 
respectively. 

Thus, the  differences i n  hydrogen results are apparently 

a i d a t i o n  of Superalloys. Oxidation t e s t s  on Hastelloy X, a nickel 
base superalloy, have been completed. 
gain versus time carves snows t h a t  surface preparation and @ 
pressure have l i t t l e  e f fec t  0;1 the oxidation kinet ics .  

Comparison of a l l  weight 

Oxidation t e s t i ag  of Hastelloy C, a nickel base superalloy, has 
begun. I n i t i a l  tes ts  are on as-received (degreased) specimens. Tk'o 
tes ts  have been c o q l e t e d  - one a t  1000 C, one atmosphere laboratory 
a i r ,  and another a t  1000 C, 25 min 02. 
appears t o  be strongly pressure dependent. 
mosphere a i r  is  approximately twice t h a t  i n  25 ~lpn @ after 600 
minutes of oxidation. 
remains approximately constant for t h e - t e s t s .  

Weight gain f o r  Hastelloy C 
Weight gain i n  one a t -  

The difference i n  weight gain thereaf ter  

Lower oxygen pressure causes a rapid decrease i n  the i n i t i a l  oxi- 
dation rate, followed by an increase i n  oxidation r a t e  a f t e r  some 
time. 
dation rate leve ls  off rapidly and a s l igh t  weight l o s s  i s  ex- 
perienced f o r  a short  period of t i m e .  
t o  increase normally. Since Hastelloy C contains re la t ive ly  high 
percentages of Mo and W, the weight losses  may be caGsed by vola- 
t i l i z a t i o n  of Mo and W oxides. Depletion of W and Mo, or  buildup 
of N i  and C r  oxides could hinder the process a f t e r  som2 time. 
Subsequent netallographic o3servations of oxide and underlyinz 
metal should c l a r i f y  tne  mechanism. 

In a t e s t  now i n  progress a t  3 11311 02 and 1000 C, the  oxi- 

Thereafter, the weight begins 

I r rad ia t ion  Damage t o  Inconel. 
end of the  Inconel helium gas loop pressure tube. 
t o  be intergranular with no vis ible  snear l i p .  Metallographic 
samples were cut and are  being processed f r o m t h i s  portion of the 
pressure tube t h a t  had remaiced in  the reactor because it had broken 
in half during removal. 
of t he  Inconel tube tha t  was original ly  removed f romthe  reactor. 
These repl icas  w i l l  be used f o r  electron microscopic examination of 
t he  prec ip i ta te  a t  t he  grain boundaries. 

A replica w a s  made of the  brcken 
The break appears 

Replicas were taken from several sections 

. .  
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Irradiation Damage t o  Stainless Steel. 
was s ta r ted  on the 347 SS pressure tube fromthe ETR-P'7 loop. 
Samples were cut f romthe in-core and out-of-core sections of the 
tube; these will be examined before proceeding with mechanical 
t e s t s .  

Metallographic examination 

Cas Loop Development. 
vibration tes t ing of the special 43-inch ID Grayloc coupling has 
been prepared and forwarded t o  EquipEnt Laboratory and Testing, IPD, 
f o r  comment and approval. 

The design t e s t  f o r  bending, the& and 

Welds of the superalloy candidates f o r  use in the model ATR high 
temperature gas loop are  beislg subjected t o  s t r e s s  rupture t e s t s  
at  1800 F. 
themselves and t o  each other are  being tested.  
exhibited s t r e s s  rupture strengths comparable t o  those strengths 
normal f o r  the base metals. 
in the weld while the other three ruptured i n  the base metals. 
Elongation f o r  the samples racged from about one t o  1 6  wlth the 
two s q l e s  of Haynes Alloy 25 welded t o  i t s e l f ,  exhibiting the 
l ea s t  elongation of about one and 4$. 

Joints of Hastelloy X and Haynes Alloy 25 welded t o  
I n i t i a l  weld samples 

H a l f  of the six.samples tes ted ruptured 

Radiation Damage and Dosimetry Studies. 
been made-.-of neutron spectra i n  the N-Reactor l a t t i c e .  

Detailed analyses have 
These 

analyses were undertaken t o  determine spectral  s h i f t s  and intensi ty  
gradients i n  the  l a t t i c e  which could produce differences in the 
r a t e  of damage production i n  the  s t ructural  materials, and t o  provide 
a more accurate basis t o  convert t e s t  data t o  N-Reactor conditions. 

Analyses were made w i t h  a two-dimensional traqsport-theory code 
(2DXY). 
above.0.18 Mev. 
axes. 

Displacements in graphite were calculated using the de Halas model' 
which considers hard shell  as well as  RutherTord scattering. 
gross production r a t e  of vacancies - considering no concurrent 
t h e m  annealing - was found t o  vary by a factor  of 1.9 across the 
N-Reactor l a t t i c e .  
temperature where the damaging f l u  is  highest and amiealing i s  at  
a minirmlm, the net vacancy production w i l l  vary across the l a t t i c e  
by greater than the factor  of 1.9. 

Eighteen energy groups were used, with 16 of these groups 
Spat ia l  increments of $-inch were used in x and y 

The 

Since this rate i s  greatest  in regions of low 

._  . .  

.-. 

The graphite damage-production ra te  i n  the N-Reactor l a t t i c e  w i l l  
be compared w i t h  production rates  in f a c i l i t i e s  where the N-Reactor 
graphites a re  undergoing i r radiat ion testing t o  determine i f  the 

R. E. Nightingale (ea.), Nuclear Graphicye, Ch. 7. 
UNCLAsSIFlD) 

1 :  

'. : : .-- 



. 

A-43 m-77397 * 

fac tors  which have been used previously t o  correlate  t e s t  data 
with reactor operation must be revised. 
i n  the zirconium was calculated and it was found t h a t  the r a t i o  
in  the process tube t o  tha t  in the tubes used t o  cool a l ternate  
f i l l e r  blocks i s  1.6, and the r a t i o  t o  that of the fue l  clad of 
the inner tube is  0.82. 

Displacement production 

6. Gas-Cooled Reactor Studies 

EGCR Graphite Irradiations.  The s ix th  capsule, H-3-6, i n  the ser ies  
of i r radiat ions of EGCR graphite was instal led without d i f f i cu l ty  i n  
the  GGllR on April 3, 1963, and has been operating w e l l .  

The design modifications t o  lower temperatures a t  positions f ive  
and s ix  and which were made on the basis of-computer analysis 
were very s:xcessful, achieving almost exactly the  calculated 
temperatures. 
be operating a t  about 450 t o  500 C, considerably accelerating the 
production of data i n  t h i s  temperature range. 

In-Reactor Cree . GEH-13-93 was instal led in the F-6 position of 
' d / 6 3 ,  and has operated f o r  the last half of cycle .53. 
It appears t o  be working sa t i s fac tor i ly .  It w i l l  be removed a t  the 
end sf cycle 54. 
shipped during the next two-week period. GEH-13-94 w i l l  be in- 
s t a l l ed  fo r  cycle 55. 

Thus, samples exposed t o  the most intense f l u  w i l l  

GEH-13-94 1.8 being constructed m d  should be 

Boronated-Graphite Irradiations.  
capsules (nunbered 5A and 6A) has been completed. 
are  shown in Table I. 
high radioactivity (> 5R a t  1 f t ) .  

I r radiat ion of two additional 

Sample GT-7 i s  not yet measurable due t o  
Length changes 

. 
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Length Change of B4C Graphite as  a Result of I r radiat ion 

5A 540 
5A 540 
5A 540 
5A 540 

5A 540 

5A 540 
6A 320 

5A 540 

6A 320 
6A 320 

Sample 

3T-7 
JT-11 
166- 34 
EL-1 

DT- 5 
ET- 3 
DL- 5 
EL-17 

166- 6 

EL-16 
L- 6 

HT- 8 

JL-9 
JT-5 

W.5 B 

7 
7 
0 
5 

5 
5 
5 
5 

0 
5 
7 
7 

7 
7 

rS'pe 
-- 

Gray 

Gray 

Black 
Gray 
Black 
Gray 

-- 

-- -- 
Black 
Black 

Gray 
Gray 

Length Change, 
A L/L~ 

-- 
-0.081 
-0.041 
-4.169 

-0.072 
-0.112 
-0.092 
-0.112 

0.000 
-0.095 
-0.041 
+o. 020 

-0.064 
-0.095 

The resu l t s  show again, as i n  previous experlments, t ha t  the gray 
material contracts more rapidly than the black. The gray material 
contalns the B4C more intimately than does the black, and it 
appears t ha t  f iss ion recoi l  damage i s  responsible f o r  the difference, 
i .e . ,  the  distance travelled by reaction products in graphite is 
larger  i n  the case of f iss ion i n  grey material. 
are  not known quantitatively, pending evaluation of flux monitors, 
it is  known f romthe positions of the capsules*in the reactor tha t  
5A received a larger exposure than 6A. 
changes f o r  s q l e s  f romthe two capsules are about the same i s  un- 
doubtedly coincidental, the  higher dose i n  5A being compensated f o r  
by the lower temperature (and possibly higher sample boron content) 
of 6A. 

Although exposures 

The f ac t  tha t  the length 

It I s  important t o  be able t o  separate effects  caused by fast neutrons 
fromthost  due t o  boron fission. 
re l iab le  estimates of the heat-generatior, ra te ,  chemical analyses of 
the boron concentration and dis t r ibut ion within the samples are  being 
performed. 

To t ha t  end, and a l so  t o  enable 

Flux Monitoring. The Fortran program, used t o  obtain neutron ex- 
posures from f o i l  activation data, has been rewritten. 
are  now made t o  account f o r  burnout and in-reactor decay of both the 

Corrections 
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fast and thermal neutron f o i l  monitors. A memo.has been issued, 
which outlines the derivation of equations and use of t h i s  pro- 
gram. 
and Co-59 foil-activation data, it will readily handle activation 
data obtained from other types of f o i l s .  

Although it w a s  writ ten specif ical ly  f o r  use with ~ i - 5 8  

Gas-Graphite Reactions: Rsdiolysis of CO. The radiation chemistry 
of CO exposed t o  nuclear and ganrma radiation a t  neaf ztmospheric 
pressure has been studied by several investigators. - 
performed preliminary experiments a t  about 550 C at  pressures more 
nearly typical  of gas-cooled reactors i n  "Y" t e s t  hole a t  C-Reactor. 
The CO was contained i n  sealed quartz capsules a t  t e s t  pressures i n  
the range 1 t o  18 atm. 
Following i r radiat ion the capsules were opened and changes i n  gas 
pressure and composition were determined. 

In  a l l  the capsules there was a decrease in the  i n i t i a l  quantity 
of CO, accompanied by the fornation of Co;! and deposition of solids 
on the  capsule w a l l s .  The formstion of Co;! r;as proportional t o  the 
CO pressure and did not reach a l imiting value. The average Co;!:CO 
r a t i o  and standard deviation were 0.42 f 0.07. This value indicates 
an over-all reaction represented approximately by the equation 5 CO -+ 
2C02 + solids.  
+ deposit. 

As shown by the equation there w a s  an oxygen deficiency i n  the gas. 
From 71 t o  84s of the original amount of oxygen w a s  recovered from 
the gas a t  room temperature; however, the recovery improved t o  more 
than 9C$ a f t e r  degassing the capsule a t  1000 C under vacuum. Thus, 
the deposit probably contained polymerized carbon suboxides (the 
monomer, C302, is unstable a t  the t e s t  terpperature) and chemisorbed 
oxygen or  carbon dioxide. 

We have 

Seven'capsules comprised t h i s  ser ies .  

The previously reported stoichiometry was 3 CO --$ 

A.T.  Cameron and W. Ramsay, J. Chem. SOC., 93, 982 (1908). 
P.S. Rudolph and S.C. Lind, 3. Chem. phys.,33, 705 (1960). 

3 S. C. Lind and D.C. Bardwell,-J.=S.x, 2-5 (1925 ). 
T.B. Copestake and N.S. C o r n e r w U @ 5 .  

5 R.E. Woodley, EW-31929. 
R.E. Woodley, HW-40142. 
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As suggested by previous investigators7, the  reaction mechanism 
probably involves one or more of the carbon suboxide homologues, 
(220, C3@, or  C4O3, as  intermediates in transporting carbon t o  
the capsule wall. The first step iavDlves the radiolysis of a 
molecule of CO. Carbon suboxides are  formed and polymerize and 
then pa r t i a l ly  decompose t o  yield CQ, C and a lower suboxide 
homologue. 

The thermal decomposition of CO was not st died i n  t h i s  investi-  

required f o r  t h i s  reaction t o  occur at  an observable ra te  below 
700 t o  1000 C. 

gation. However, icY is generally believed 8 tha t  a catalyst  i s  

7.  Graphite Radiation Damage Studies 

Electron Microscopy of Irradiated Graphite. Comparison of replicas 
of ident ical  areas taken before and a f t e r  i r radiat ion has been made 
on a second graphite sample irradiated a t  TOO C i n  GW-13-8 t o  an 
eaosu re  of 1.1 x 1021 nvt, E > 0.18 MeV. 
was CSF graphite having B petrolem-ccke f i l l e r  m d  coal-tar pi tch 
binder. 
i r radiat ion was reported ea r l i e r  f o r  t ha t  sample. 
sample was prepared with a natural-flake graphite f i l l e r  and coal- 
t a r  pitch.bindtr.  In  addition t o  microcrack broadening similar t o  
tha t  noted previously, a ser ies  of steps arranged in echelon across 
the saxuple surface developed during irradiation. The surfaces ex- 
posed on the steps are  para l le l  t o  the well developed layered 
structure i n  the natural-flake f i l l e r .  Shadoiiixg on fhe step faces 
suggests tha t  these surfaces intercegt the pclished surface of tne 
sample a t  an angle approximating the shadow angle of 35O. The step 
displacements measured would +,‘nus be on the order of 805 of the 
actual displacements. Average disslacemnts m a s u e d  were 3 p, 
with a maximum of 4 

The f i r s t  sample studied 

Broadening of microcracks i n  the coke par t ic les  during 
The second 

observed. 

Thin sheets of binder inaterial separa thg  the natural-flake 
par t ic les  a r e  readily detected on the pre-irradiation replicas. 
The displacements, which produced steps d u i n g  irradiation, 
occurred a t  these binder-f i l ler  interfaces. 

The presence of large displacenients in  the catmal-flake graphite 
and t h e i r  absence i n  pet.roleum-coke base graphite can be at t r ibuted 

‘f P. Harteck and S. Dondes, - J. - Chem. -*’ Phys 23, 902 (1955). 
F. Coen, DR Report 72. 
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t o  several factors. 
f i l l e r  material and the associated differences i n  radiatian- 
induced contraction are greater in the graphite made from 
natural  f lake and coal-tar pi tch thar; i rs  the  petroleum coke - 
coal-tar pi tch system. Stresses a t  binder-filler boundaries 
therefore increase with radiation dose a t  a higher ra te  i n  the 
natural-flake graphite. A low concentration of pinning s i t e s  
a t  binder-f i l ler  boundaries provides the freedom necessary f o r  
large internal  displacements when s l i p  does occur, and these 
displacements a re  not transfit ted from pa*icle t o  par t ic le  as 
readi ly  as i n  petroleum-coke base graphites having many more 
pinning s i t e s .  

The relationship of these observations t o  theories explaining 
bulk dimensional changes during i r radiat ion i s  being explored. 
The accommodation of s l i p  i n  highly ordered binder-f i l ler  graphite 
systems suggests lower internal s t r e s s  ex is t s  i n  these graphites 
a f t e r  manufacture because s l i p  allows rel ief  cf some of the d i f -  
f e ren t i a l  t hema l  contraction produced in cooling from graphiti- 
zation temperatares. Since ordered graphites contract a t  lower 
ra tes  than disordered graphites, the theory tha t  bulk contraction 
is i n  par t  a process of s t ress  r e l i e f  i s  consistent w i t h  micro- 
scopic observations. 

Aluminum Corrosion and Alloy Developent 

Structural  differences between birider and 

8. 

Dynamic Corrosion of Aluminum i n  a Noxiisothermal Loog. 
10-day runs have been completed i n  the xionisothermal loop. 
f i r s t  three runs were conducted with a small AT (- 8 C), a t  330 C 

Four 
The 

t e s t  section temperature, an aluminum area t o  loop volume r a t i o  
of 1.25 in2/gal and a refreshmen3 ra te  of G.12 gal/in2/hr. For 
the  fourth run, +,he AT was bcreased t o  about 61 C, with the 
other variables held c a s t a n t .  

Corrosion penetrations were determined 03 samples frcm the same 
sample positions f o r  a l l  four runs (4, 5, 8, 9). 
section holds 12 samples, No. 1 beirg a t  the M e t  end of the t e s t  
section. 

The sample t e s t  

The first mn a t  low AT showed a re la t ive ly  high aluminum corrosion 
rate (- 1.4 mils i n  10 days). Rates observed during the second and 
t h i r d  runs a t  low AT (0.96 and 0.93 mils) were similar t o  those ob- 
served i n  an isothermal loop operated at  the same temperature. 

A t  AT = 61 C, penetrations were high f o r  saznples a t  the i n l e t  side 
of t he  t e s t  section and re la t ive ly  low a t  the out le t  side. 
t ra t ions  as a function of sample posit ion were as follows: 

Pene- 
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p08. 4, l . g - ~ ~ I l ;  POS. 5 ,  1.8-mil; 90s. 8, 0.95-mil; POS. 9, 
1.03-mil. 
position were relat-ively f l a t  fo r  the low AT runs; a t  large 
AT, the  perietrafions were xarl j j  a factcjr of two higher near 
the i n l e t  than a t  sample positions 8 and 9. This strongly 
suggests tha t  water entering the t e s t  section unsaturated, 
due t o  the large AT, rapidly becomes saturated with corrosion 
product f romthe f i r s t  few san;ples i n  %he t e s t  holder and 
attacks the downstream coupcns mch l e s s  aggressively i n  the 
saturated s ta te .  

F h t s  of penetration as a function of sample 

Effect of Oxygen on Aluminum Attack i n  pH-10 Water. 
work on nickel-plated alilminum i n  high pH water indicated an 

Previous 

oxygen ef fec t  oc the rat.e cf attack OE exposed alminum. 
I l r t h e r  t e s t s  were lzul t o  substantiate the observation. Two 
oxygen levels were investigated: 3-4 (normal @ level  i n  
feed water) ar;d C 0.1 ppmr maintaized by passing feed water 
through a Duolite-2 resin. 
oxygen, tne attack ra te  in a rine-day ex-gosure was 0.82 mil/day. 
A t  pH 10.3 and < 0.1 p p m  oxygen the ra te  was 0.53 mil/day. 
Thus, the rat.e cf a t tack was lower i n  the low oxygen system. 
A factor  of f ive,  previously indicated, was probably due t o  
a comb*-ation or' pH, refreshuent ra te  and oxygen differences. 

In 300 C, 3H 10.2 water a t  3-4 ppm 

Fabrication of C-1 Loop. Work on the C - 1  loop has been pro- 
gressing ra2idl.y during the month, and the shop work is 65$ 
complete. 
have passed radisgraphic exminaticn. 

About 8j$ of the 200 welds have been coqle ted  and 

@ .  

Dynaslic In-Reactw Corrosicr, Stndies a? H i g h  pH. 
been completed of the corrosim asd f i lm data from the f i r s t  
coupon t e s t  in H-f Loog. This test ran f o r  a t o t a l  of 109 days, 
of which 46 days wsre a t  550 F, the remair+der being a t  low 
temperature. 
was 7.9. 
at  average ra t e  cf about. 1.0 m i l  per moIith compared $0 
average ratea of 1.9 a L i l / m  a d  2.7 mil/mo at water velocit ies 
of 15 and 25 ft /sec,  respec",i*rely, for  aluminum cougons exyosed 
ou t -o f - f lu  a t  the domezrem er-d of the t e s t  section. No si&- 
n i f icant  difference was found 3esween COUPOU exposed in-reactor 
a t  water velocit ies t o  15 an5 35 fee t  per secozd o r  between 
coupons exposed a t  the maximum radiation flux and those a t  
about ore-half maxima.  
between the corrcsion rates of X-8001 and A-288 aluninum alloys 
compared on in-flux or  ctl+-cI"-flur. bases. The higher corrosion 
on the ou t -o f - f lu  coupons was i n  agreezent w i t h  visual 

Analysis has 

The averaee FH during the high t e q e r a t u r e  operation 
Almilnwu cmpcrss eqosed  i n  the reactor core corroded 

mere was no significant difference 
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observation; they appeared more severely corroded than those 
exposed in flux. 
day exposure a t  temperature. 
corrodes at  a high i n i t i a l  ra te ,  the equilibrium ra te  i s  l e s s  
than t h i s  average. One out-of-flux holder was discharged i n  
the middle of the t e s t ;  fromthese data an equilibrium ra te  
(during the l a t t e r  half of the t e s t )  of 1.6 mils/mo was cal- 
culated. 

The above ra tes  are  averages over the 46- 
Since fresh aluminuiu surface 

The in-flux coupons were covered by a heavy brown crud deposit, 
which was not present on those exposed out of flux. 
weights (aluminum oxide plus deposited crud) were 9 mg/c& 
f o r  the out-of-flux coupons and 12 mg/cm2 f o r  those i n  flux. 
On the basis of vlsual appearance, the former was probably 
nearly a l l  aluminum oxide while the l a t t e r  contained a large 
fract ion or' i ron oxide crud. 

Film 

The out-of-flux corrosion ra tes  are  i n  agreement witn those 
obtained ex-reactor (TF-6). It is considered l ike ly  tha t  the 
crud deposit on the in-flux coupons protected the aluminum 
oxide from dissolution by tne water and thus reduced corrosion. 
A spectrochemical analysis of the crcd showed Al, Fe, aLd Mg 
t o  be the major coastituents. 

Examination a t  Radiometallurgy has been completed on the in- 
flux coupons fromthe second t e s t  in  H - 1  Loop. 
of t h i s  t e s t  were 37 days of operation a t  550 F, 35 days re- 
circulation at  low temperature, followed by 23 days on single- 
pass process water. The average pH was 4.9 (phosphoric acid); 
the coolant velocity was 25 ft /sec.  
and s ta in less  s t ee l ,  both i n  md out-,of-flux, were covered w i t h  
a f a i r l y  heavy rust-brown deposit similar t o  tha t  in the f i r s t  
t e s t .  Similar deposition haa occurred on tke Zircaloy-2 but 
had flaked off from sizeable areas. Generally, however, the 
crud seemed somewhat more adheren+, than i n  the previous t e s t  
a t  pH 7.9. 
coupons was 0.4 mg/cm ; the  weight of crud removed was 1.1 mg/cm2. 
A spectrochemical analysis of t h i s  crud showed Al, Fe, and Mg 
as major consittuents. 
s t e e l  in-flux coupons averaged 0.05 mil; the  crud depcs:t, 
5 =/en?. 
processed. 

Cozditions 

The coupons of aluminum 

The aver e weight gain of the in-flux Zircaloy 73 
The t o t a l  corrosion cf the s ta inless  

The aluminum and out-of-flux coupons are s t i l l  being 
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Metallic Fuel Development 

ETR I r radiat ion of Thorium-Uranium me1 Elements. 
of three tubular thcrium - 2.5 w/o U ( fu l ly  enriched) - 1 w/o 

Irradiation 

Zr, Zircaloy-2 clad fuel elements beg= t h i s  mnth  in the high 
temperature, high pressure ETR P-7 loop. 
a t  a maximum specific paver of 195 kw/ft, a maximum surface heat 
flux of 978,000 Btu/hr-ft2 and a maximum core t e q e r a t u r e  of 
565 C. The fue l  elements, which are expected t o  go t o  a goal 
exposure of 3 a/o bunsup, w i l l  be removed periodically and 
examined t o  determine swelling behavior and f u e l  performance. 

The fue l  i s  operating 

* 

Plorium-Uranium Alloy. 
a l loy  b i l l e t s  f o r  coextrusion t o  clad rod stock have been 
machined along with the copper and Wrcaloy-2 components. 
trusion conditions f o r  the rod stock w i l l  match those used on 
the enriched material. 
autoclave defect t e s t  lng . 

Two thorium - @ U (normal) - 1% Zr 
Ex- 

Sazrplts w i l l  ther  be prepared for  visual 

USAEC-AECL Cooperative Program CIL Developmen% 02 Heavy Water 
Moderated Power Reactors 

Thermal Hydraulics Studies 
*. 

Two-€base Pressure Drop Program. 
the study of the two-phase pressure drop i n  standard commercial 

The experimental portions of 

piping components were concluded. 
drop measurements were obtained on 2-irxh pipe and f i t t i ngs .  
These f i t t i n g s  Included: 

Approximetely 2700 pressure 

(1) a branch tee ,  

(2) elbows with 2-, 3-: and 10-inch raiiius of curvature, 

( 3 )  expansions and contrac+,icn of 2x3, 2x1*, and 2x1 inches, 

(4j  a 2-inch gate valve, ar;d 
-(L 

. ( 5 )  a 2-inch globe valve. 

Data were obtained at  pressures of 800, 1200, and 1600 

Steam qual i t ies  up t o  24% were considered. 

sia 
and flow rates  of 1.0, 2.0, 3.0, and 4.0 x 106 lg/hr/ft 8 . 

Preliminary comparisons have been d e  between the experimental 
data and the predicted pressure drop values obtained fromthe 
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Martinelli-Nelson two-phase pressure drop correlation. 
c q a r i s o n s  have indicated t h a t  the r a t i o  (fit) of the two- 
phase pressure drop t o  the single phase pressure drop f o r  
elbows was 80 t o  196 of the -nil.ie predicted by the Martinelli- 
Nelson Correlation. 
predicted values a t  the higher qual i t ies  considered. For con- 
tractions,  the r a t i o  $' was 50 t o  65$ of the predicted values, 
comparing be t te r  a t  the lower qual i t ies .  The r a t i o  fit f o r  the 
branch t ee  was about 7 6  of the predicted valaes throughout 
the quali ty range considered. 

These 

This r a t i o  was observed t o  approach the 

l9-Rod Burnout Studies. 
the boiling burnout heat f l u  l imitations of 19-rod bundle fuel 

Bqeriments were s ta r ted  t o  determine 

elements cooled by steam-water mixt-ues. 
heated tes t  .section, boiling Surnout experimects are being 
performed a t  mass flow rates  raxqing from 0.5 t o  2.0 lb/hr-f t2  
and i n l e t  coolaat qual i t ies  from 0 t o  25s by weight at, a 
pressure of 1000 psia. 

Using &T e lec t r ica l ly  

The t e s t  section was rtiade up of 19 inconel rods, each 0.587- 
inch i n  d i e t e r  and 1* inches long. 
of 0.074 inch was maintained by 'Lwarts" or spacers located a t  
two cross-sections on the heated portion of the bundle 6.25 
inches from the ends of the heated section. 
heated section was an unheated portion on which a flow diverter 
was located. 
possible occurrence of an annular flow pattern w i t h  respect t o  
the pressure tube. 
f romthe end of the heated length and served t o  chancel all of 
the coolant flow a t  t ha t  one cross-section t o  the irmer portions 
of the bundle. Each of the tubes ha? a themcouple  instal led 
a t  i t s  downstream end t o  measure an average inside w a l l  tem- 
perature. 
inch ID pressure tube. 

Spacing between the rods 

Upstream fromthe 

The purpose cf the diverter was t o  suppress the 

The flow diver ter  was instal led 14.5 inches 

The t e s t  section vas instal led i n  a ver t ical  3.25- 

In i t i a l ly ,  seven ex-perilneLts were performed a t  the lower 
coolant flow ra tes .  
in these experiments did not agree w i t h  values predicted with 
the aid of e a r l i e r  data and, furthermore, they exhibited 
e r r a t i c  trends. 
possible occurrence of flow surges In the piping betweeo the 
e l ec t r i ca l ly  heated steam generator and the i n l e t  of the t e s t  
section. 
i n  the i n l e t  coolant quality, and these variations may have 
caused a premature in i t i a t ion  of t he  boiling burnout. 

The boiling burnout heat fluxes determined 

This behavior was attr ibuted, i n  par t ,  t o  the 

Such surges could be accompanied by large variations 

Suitable 
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changes were made i n  the i n l e t  piping t o  preclude the future 
occurrence of flow surges, and the experimects are  being re- 
m. 

Dome Seal Type Closure. 
vealed significant deforrcation upon thermal cycling. 
dome, with a 17$ thicker dome and 17$ shorter (narrower) sea l  
contact edge, was fabricated and tested.  
disassembly cycles and 256 hours of steady-state operation, a 
permenent deflection a t  the cen3er of the doirii of 0.026 inch 
was measured. 

The second dome w a s  reinstalled in the %est  nozzle and ther- 
mally cycled more slowly than i n  previous thermal cycle t e s t s  
wherein the t e s t  sectior; was valved suddenly in to  arrd out of 
the hot (570 F), pressurized (1500 p s i )  loop. 
additional dome deformation noted a f t e r  the next three cycles 
(6  t o t a l ) .  
t he  dome was next checked, a t  which t h e  an additional de- 
formation of 0.007 inch was measured. 
additional deformation a f t e r  the rext (9th) cycle. 

I n i t i a l  t e s t s  on the dome seal re- 
A second 

After three assembly- 

.. 

There was no 

Two additional cyclee (8 t o t a l )  were run before 

lkere was EO detectable 

The i n i t i a l  dome tightenizg torque is 100 lb- f t .  
assembly torques fo r  the 4th through %ke 9th cycles have been 
75, 95, 125, 125, 150, and 165 l b - f t ,  respectively. 

The dis- 

The f i r s t  dome, a t  the s t a r t  of assembly-disassemblytests, 
had deflecte9 0.035 inch and a f t e r  f ive  mre cycles had de- 
formed an additional 0.041 inch. The second doze a t  tne s t a r t  
of “slow heat” assembly-disassembly cycles had deflected 0.026 
inch, and a f t e r  f ive  additional “make-break” cycles had on ly  
deformed an additional 0.007 inch. 

It is believed tha t  the previous procedure of keepirig the loop 
a t  570 F and then valving th2 cool t e s t  sectdon back into t h i s  
hot #upply caused a thermal shock t o  the do=. The re lat ively 
thin dome would heat up and expand much f a s t e r  than the massive 
nozzle. With the center of tine done rigidly restrained by the 
tightened nut (100 lb - f t  a t  assembly) s t resses  developed i n  the 
center portion tended t o  permanently deform the dome. 

The tests wherein the dome and nozzle are heated and coded 
slowly tend t o  confirm t h i s  theory. 
creasing disassembly torques and the  O.OO7-inch additional de- 
f lec t ion  a f t e r  cycles 7 and 8 are  presently unexplained. 
s t i l l  believed tha t  the permanect deformtion i s  the resul t  of 

However, the gradually in- 

It i s  
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e i the r  tes t ing  techniques or  the method cf locking and rea- 
training the dome in the sea l  rather than the resu l t  cf 
simple s t resses  result ing fram pressure on the dome. 
tes t ing  is continuirig. 

The 

ll. Advanced Reactor Concept Studies 

Fast Supercrit ical  Pressure Power Reactor. 
diffusion theory calculations were completed t o  determine the 

Further 18-group 

ef fec ts  of burnip on reac t iv i ty  and poier distribution. 
calculations used "hot" U-238 cross sections f o r  an average 
fue l  temperature of 1000 C. 
included i n  the calculaticns. 
same as reported l a s t  month except f o r  the f i n a l  rad ia l  dimen- 
sions which are  as follows: 

All 

Axial leakage e f fec ts  were also 
The ccre arrangement i s  the 

Inner Core 47.6 cm 
Depleted U . 5 5 . €  cm 
Z r H  Moderator 58.6 cm 
Depleted U 66.6 cm 

Flu Trap 

Outer Core 88.0 cm 
Depleted U 92.0 cn 
Zr9 Moderator 95.0 cm 
Depleted U 125.0 cm 

Blanket 

The c r i t i c a l  mass of t h i s  core design i s  about 1350 kg f i s s i l e  
plutonium f o r  a six-fcot core length. 
has obtained the proper power output f o r  each coolant pass, 
yielding a radial peak t o  average core power r a t i o  02 2.1. 

Ehrickmeat redis t r ibut ior  

Calculations show tha t  enrichment of the depleted Uo;! r e g i o u  
with 2.0-2.55 f i s s i l e  plutonium resu l t s  i n  a sub-A. aL.arst.ial re- 
duction i n  c r i t i c a l  mass and a f l a t  reac t iv i ty  transien3 with 
burnup. 
Ak/k over the i n i t i a l  three-year ccre exposure. 
depleted U@ region Pu enrichment and fue l  density should r e s a t  
i n  good reac t iv l ty  character is t ics  and power dis t r ibut ion over 
the core l i fe .  

Recent calculations show a gain i n  react ivi ty  of 0.8% 
Changes in the 

Recent calculations also indicate tha t  the coolant void co- 
e f f ic ien t  now tends t o  become more posit ive as core exposure 
increases. In the core considered the void e f fec t  varied f ro3  
0.6 Ak/k at  the  s t a r t  of core l i f e  t o  about +0.3$ Ak/k a t  
three years of core exposure. 
minor adJustments i n  the core design. 

This can eas i ly  be reduced by 
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Previous calculations of the conversion r a t i o  were found t o  
be high because of an error  i n  plutonium cross sections used 
t o  coqu te  core average reaction rates.  Values now used f o r  
t h i s  purpose indicate tha t  the breedkg r a t i o  w i l l  be i n  the 
range 1.1-1.2. 

The power normalization subroutine i n  Rfil was found t o  be in- 
correct. 
neutron density over the core volume. 
corrected and recompiled such tha t  fue l  burnup may liow be cal- 
culated d i rec t ly  from nomalized reaction rates .  

The er ror  was in the integration of the fission 
The subroutine was 

Drafting work was in i t ia ted  on fue l  element design and piping 
layout studies. 
element. The first concerns the nethod of comecting the up- 
pass and dam-pass tubes t o  the mixing bowl. Approximately 
two f ee t  of each coolant tube w i l l  be bent into a hel ical  co i l  
between the  bottom of the lower ax ia l  blanket and the mixing 
bowl. This method i s  propcsed t o  relieve the thermal s t resses  
which would develop from r igidly comecting the hot up-pass 
tubes t o  the relat ively cold down-pass tubes through tke mixing 
bowl. 
more surface in which t o  weld the coolant tubes. 

Two major changes were made i n  the FSPPR fue l  

The top of the mixing bowl w a s  made spherical t o  generate 

The second major change was i n  the method of ccoliag the fue l  
element outer cladding. The pressurized helium coolir,g system 
was abandoned because of the complexity of sxpporting the fue l  
elements, and refueling through the pressure vessel which 
would be required. 
by the tube-in-wall method. 
element w i l l  be used t o  cool the cladding. 

The fuel  element cladding w i l l  be cooled 
The down-paqs coolant in each fue l  

At present, adequate f iss ion gas vez.ticg would be provided by 
closing the ends of the elements only w i t h  a fibrous ceramic 
insulation. A t  the lower end the insulation would be supported 
by ea al loy plate  perforated f o r  loose f i t  on the coolant tubes. 
Various fue l  and core support methods are  being studied t o  de- 
termine a method which appears aost l i ke ly  t o  reduce t h e m 1  
s t r e s s  and core mobility problems. 

Preliminary studies of jumper layout between the fue l  elenents 
and headers were made. 
space available f o r  locating the coolant supply and return 
juxrrpers on the fue l  elements. 
ment is indicated. Each fuel  element in the f irst  and second 
coolant passes w i l l  be provided w i t h  one i n l e t  and one out le t  

The compact core severely limits the 

Eowever, M acceptable arrange- 
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Jumper. 
20 f 'ps a t  feedvater temperature (540 F) and 200 fps at  super- 
heated vapor temperatures (above 815 F). 
(care center) ~ l l l  require two i r ae t  juspers sized fo r  200 fps 
maximum coolant velocity and one out le t  Jumper having a snor t  
nnveloci ty  in excess of 250 fps. 

Jumpers are sized f c r  maxi~~m coolant -felocities of 

The th i rd  pass 

FUng headers are located concentric with and above the core in 
a pipe gallery measuring about 15l-18' ais x lGt hign. 
four pipes going t o  outside equipment ( t u r b b e  a d  feedwakr 
l ines  plus two reheat exchanger l i nes )  a re  1?111 i n  a s i ze  - & - m e 1  
through the shield. 

??ie 

A maximum of 12 control acd safety rods wiU. 5e located i n  the 
inner moderator zone. 
tubes which extend throcgh the core, the $ q e r  gallery above 
the core, and the tcp shield. Control zechanisms are located 
above the shield. 

All rods w i l l  'r.e housed imide  guide 

The reactor tank i s  alurdnus alloy, about 9' dia  x 35-40' long 
x 1 " t h i c k  w a l l .  The core is located a t  the Cy- of the tack. 
The tank is  l ined w i t h  S/S f o i l  insulation on the inside aJ;d 
water cooled on the outside. 

Based on a cursory economic comparison of capi ta l  irivestnert 
versus refueling down-time, a szcorid (duplicate) reactsr ccm- 
partment i s  being provided i n  t h i s  conceptual desigr- t o  study 
i ts  effect  on plant layout. Init*ially, ordy the rea-tor tank, 
pipe tunnel, iriaccessible pipirg ami support structure, and a 
larger  shield pool wodd be corstructed. Ring headers, shield 
plug, controls, and the fue l  elementg are  pu-chased aad %- 
s ta l led  only when the first core lcading is ready f G r  temica-  
t ion.  All radial  shielding i s  by natural  water, Tke shiel3 
plug above the reactor may be a water and s t ee l  conbination t o  
reduce thickness requirements. 

Normal refueling is  conducted batch-wise a t  loLg (two 50 five- 
year) intervals.  
ready f o r  shipment t o  a reprocessing plant. 
boric acid system is provided t o  flood the reactor tank. Con- 
tainment i s  provided by vapor-aupgression w i t h  steam ducted t o  
the  bottom of the shield pool by the pipe tume l .  
capacity of the shield water i s  very large compared t o  the stored 
energy In the high pressure coolant. 
release fromthermal capacity, power transient,  and decay heating 
of the fue l  are under way; chemical reaction of the noderator w i l l  
be investigated. 

Spent cores can be decay-cooled ir,-situ m5il  
A "last-ditch" 

%e heat 

Estimates of the energy 
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The Fast Supercritical Pressure Power Reactor Plant net 
efficiency is  revised t o  44.3s from the 43.8s previously 
reported. The increase has resulted fromthe use of tube- 
in-wall method for cooling the fuel  element jackets. 
This method employs the process feedwater and/or steam 
as jacket coolant and thereby permits the max.Irmlm u t i l i za-  
t ion  of heat f o r  cycle heating and energy conversion. While 
secondary gas cooling system did allow transfer of a l l  heat 
t o  the feedwater, none of the heat was d i rec t ly  convertible 
t o  e lec t r ica l  power. 

plutonium Fuel Spacecraft Power. 
Plutonium ?Pael Spacecraft Power concept study has been 
printed and i s  awaiting receipt of the i l lus t ra t ions  from 
printing t o  be issued. 

An informal report on the 

Plutonium hreled Rocket Reactor. 
is being in i t ia ted  of a fast-spectrum nuclear reactor fo r  
rocket propulsion. 
1000 Mu f a s t  spectrum reactor, fueled with a plutonium nitride- 

A conceptual design study 

The reactor type chosen f o r  study is a 

tungsten cermet fuel.  Coolant (hydrogen) 
about 4000 F are  envisioned. 

D. DIVISIWOF RESEARCEI - 05 PROGRAM 

1. Radiation Effects on Mta l s  

This program I s  aimed at  establishing the 
impurities and neutron i r radiat ion on the 

. --. 
. .  

ex i t  temperatures of 

@ -  ;*% 

combined effect  of 
properties and 

structure of specific metals, and deducing from thermally 
activated recovery processes how the damge state can be 
altered.  Studies on irradiated single crystal  and poly- 
crystall ine specimens of molybdenum containing carbon as an 
intentional impurity are conthuing. 
been in i t ia ted  on the metals rhenium and nickel. 

Single C r y s t a l  Molybdenum. 
have been completed on molybdenum single crystals representing 
three levels of con€rolled carbon impurity. Specimens of each 
car on level  were measured in the unirradiated state and a f t e r  

l a t t i c e  parameter from point t o  point on the crystal  surface, 
with the higher values found nearer the center of the crystal  
rod. me t o t a l  variation in each crystal  ranged from 0.01 t o  
0.02$. 
way between edge and ceater, and center. 

Similar studies have 

Lat t ice  parameter measurements 

1 6  F3 nvt (E > 1 Mev). A l l  crystals showed variations In 

Each crystal  was examined a t  three points; edge, half- 
Duplicate meastlrements 
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were made at  each point, making a t o t a l  of six or  more 
measurements an each sample crystal .  

Comparison of corrsspading points OG the  i r radiated and 
unirradiated crystals  revealed a decrease of about 0.01:'p 
i n  l a t t i c e  parameter f o r  the low carbon (10-20 ppm C )  
crystals  and an increase of about 0.01s f o r  the medium 
carbon (100-200 ppn C )  and high carbon (400-500 ppm C).  
Since these changes are  smaller than the  point-to-point 
variation within an individual crystal ,  they cannot be con- 
sidered a resu l t  of i r radiat ion.  

A number of unirradiated molybdenum crys%als have been 
annealed f o r  one hour a t  2000 C i n  an attempt t o  eliminate 
the l a t t i c e  parameter variations described above. 
surements a re  a l so  being i n i t i a t e d  on single  crystals  ir- 
radiated t o  169 nvt (E > 1 lev) .  

Mea- 

The molybdenum single-crystal  rods available f o r  t h i s  study 
have been res t r ic ted  i n  rod Orientations t o  a rather limited 
range between Cool] and [Oll]. There were no specimens 
available with a rod axis near [ill]. 
close-packed direction, rods oI" t h i s  orientation might provide 
usefu l  infomation as t ens i l e  specimens or  length-change 
specimens. 
i n  order t o  obtain such specif ic  orientations.  
with an orientation near [Oll] was bent u n t i l  the [111] was 
para l l e l  w i t h  the axis of the  urbent r G d ,  and a f a c t  cut per- 
pendicular t o  the [Ul] axis. 
crystal l ine molybdenum stock were placed i n  juxtaposition in 
the  electron-beam zone-ref inirig appskatus, and growth of the 
c rys ta l  was begun a t  the point of couac t .  
single-crystal  rod did indezd show a [111] rod axis. 
seeded rod is now b e k g  used f o r  seeding and growth of addi- 
t iona l  rods. Other orientations can be seeded as well, so  
that i n  the future  crystal  o r iea ta t iors  need not be dictated 
by the  material available. 

Since [Ul] i s  the 

Seeding experimnts have therefore been in i t i a t ed  
A crys ta l  

The seed face and the poly- 

The finished 
The 

Polycrystalline Molybdenum. Operational t e s t s  on the d i f -  
f e r en t i a l  stored energy calorimeter are s t i l l  i n  progress. 
me present control system supplies a m a x i m  of Glo-watts 
t o  the external heater surroundiq the isothermal chamber, 
and w i t h  a heating ra te  of ' 2  C/min the maximum temperature 
obtainable is  400 C. Modifica5ions are  i n  progress t o  enable 
the  external heater t o  produce over 2000 watts. 
molybdenum containing 10 ppm C a s  well as stock containing 

. 

Foils of 
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as high as 400-500 ppm C were irradiated t o  1019 nvt (fast). 
Radiation dsmage has been studied by x-ray and electron 
microscape techniques as a function of post-irradiation 
annealing to temperatures as high as 750 C. Similar foils 
have been annealed at 900 C for two hours and examination 
is in progress. The lattice parameter of molybdenum foils 
containing 10 ppm carbon, 100-200 ppm carbon, and 400-500 
ppm carbon returned to the pre-irradiated values following 
the 900 C anneal. 
at 900 C in the fo i l s  containing 400-500 ppm carbon as tne 
(400) peak intensity is mch lower than the pre-irradiated 
value. 
disclosed very few dislocation loops. Tnis observation is 
markedly different for foils wnicb had been annealed at 750 C 
and showed many large dislocation loops. 
breakup of defect clusters due to thermally-activated dis- 
location motion at the higher temperature. Results on the 
foils containing less carbon w i l l  be forthcoming. 

Some recrystallization may have occurred 

Examination of this foil in the electron microscope 

There is an apparent 

Foi l s  of molybdenum irradiated to 1019 nvt become severely 
cracked when strained 8" the range 1-2$. Samples which had 
been irradiated to 1 6  nvt exhibited considerable ductility 
and did not crack after 2-35 strain. 
examination of the deformed f o i l s  (l0lFnvt) disclosed dis- 
location tangles similar to those found in unirradiated fo i l s .  
Channeling of dislocations, wnich was observed in f o i l s  ir- 
radiated to 1019 nvt, was not observed in the foils having 
the lower dose. 
the two exposure . Samples have been prepared f o r  irradiation 

Microtensile samples have also been prepared and submitted for 
irradiation to 1019 nvt. 

ectron microscope 

Extensive embrittlement has occurred between 

to 3 and 6 x 1s Q nvt to further investiKate deformation modes. 

Foils of molybdenum, 2000 A thick, have been bom'sarded with 
fission fragments. Examination of these foils disclosed no 
damage which could be directly ascribed to fission fragments. 
The experiment will be repeated using a slightly enriched U Q  
film as a source of fission fragments. 

The initial step in the preparation of f o i l s  for transmission 
electron microscopy from bulk specimens has been accomplished. 
An electrolytic Jet polisher has been used to section single- 
crystals of molybdenum. 
dislocation density or distribution occurs as a result of the 
sectioning. 

X-ray analysis shows that no change in 

. -  
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Fbenium. A t o t a l  of 24 inches of high pur i ty  rhenium 
single crystals  has been obtained from a commercial 
source. 
gonal. structure with an axial  r a t i o  corresponding t o  tha t  
of rhenium (c/a = 1.615) i s  being prepared. Once t h i s  i s  
completed, the crystal  orientations wi l l  be determined. 

A standard stereographic projection f o r  a hexa- 

Polycrystalline rheniumwire in two s izes  has also been 
obtained. Thirty f ee t  of 0.100-inch diameter wire and 
100 f ee t  of 0.020-inch diameter wire are  on hand. The 
larger  wire w i l l  be used f o r  tens i le  specimens and the 
:smaller wire w i l l  be drawn t o  O.OO5-inch diameter fo r  
e lec t r ica l  r e s i s t i v i ty  measurements. 

Nickel. Quenching studies are in progress on a ser ies  of 
nickel wire specimens representing three levels  of puri ty  
(99.97, 99.6, and 99.48 Ni). 
t o  establish the effectiveness of solute atoms as trapping 
s i t e s  for  vacancies; the resul ts  w i l l  be used in the inter-  
pretation of i r radiat ion effects  i n  the same materials. 
Quenching treatments have been carried out on 0.003 and 
0.010-inch diameter, 99.45 nickel wires. 
w i r e s ,  quenching ra tes  i n  excess of 5000 C/sec have been 
"attained; however, optical  measurement of the temperature of 
these wires is  subject t o  considerable error,  and numerous 
specimens have been inadvertently melted while trying t o  
control t h e i r  temperature a t  1430 2 10 C. 
diameter wires have been successfully quenched from 1440 C, with 
an estimated quenching ra te  of 2000 C/sec. 
t i v i t y  in t h i s  material has been found t o  be quite high; the 
value of Ap/po is typical ly  40-56. nIschronal annealing of t h i s  
wire is  in progress. 
isochronal and Isothermal annealing treatments has been assembled. 
The chamber is immersed i n  a bath of l iqu id  nitrogen a d  tem- 
,perature control i s  accomplished by ad;usting the power input 
t o  a small sheathed heater wound he l ica l ly  on the in te r ior  wall 
of the chamber. The chamber i s  pressurized t o  10 psig with 
heliumto assist i n  heat transfer.  Transfer of the specimen 
from the quenching furnace t o  the annealing chamber is  made 
under l iquid nitrogen; a f t e r  sealing the chamber, the l iquid 
nitrogen trapped within is pumped out and the chamber back- 
f i l l e d  with helium. 
t o  control temperature within 2 2 C over the temperature range 
from -190 C t o  zero C; the control is  better a t  lower annealing 
temperatures. 

This investigation i s  intended 

With the smaller 

The 0.010-inch 

Quenched-in resis-  

An annealing chamber fo r  low temperature 

It has been found possible with t h i s  device 

. 
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A series of isochronal anneals has been conducted on the 
quenched 99.45 nickel wire, consisting of 10-minute pulses 
at -175, -150, -125, aad -100 C. No significant change in 
the value of &lPo has been obaerved. 
possibilities: 
the quenching process, or ( 2 )  the activation energy for 
vacancy migration in nickel is higher than previously pre- 
sumed and single vacancies are not mobile at -100 C. 

This suggests two 
(1) large vacancy clusters are formed during 

2. Plutonium physical Metallurgy 

The objective of this program is to determine sonie of the 
basic physical metallurgical properties of high purity plu- 
tonium and to establish the effect of certain specific 
alloying additions on these properties. 
study: 
of deformation and recovery. 

Two areas are under 
mechanisms of phase transformations and mechanisms 

Phase Transformations. 
of retained beta to alpha, as revealed by precision density 
measurements, have continued. 
for characterizing relationships between plutonium allotropes 
as well as identifying the allotropes is being installed. 

Studies on the kinetics of reversion 

X-ray diffraction apparatus 

Deformation and Fracture Mechanisms, Working of alpha plu- 
tonium by rolling is being investigated as a possible means 
for obtaining a highly textured stock which may lend itself 
to recrystallization and extensive grain growth in the alpha 
temgerature range. 

Since single crystals or at least coarse graim are almost a 
necessity for a comprehensi-Je study of deformatian processes 
in any metal, considerable effort will be directed toward the 
preparation of alpha plutonium single crystals. 
approach which has been proven successful in growing single 
crystals of' beta uranium wi l l  be investigated. The technique 
in uranim is to pass a wire or rod progressively through the 
gamna to beta phase transformation temperature. The success 
of  this technique is attributed to the relative ductility of 
the gamina and beta phases, in that the beta phase is not dis- 
torted during transformation. 
in plutonium is very similar in %his respect, beta plutonium 
being exceedingly soft as compared to alpha plutoniu. 

A secocd 

The beta to alpha transformation 

A creep compression apparatus is being used to measure plastic 
deformation of the various plutonium allotropes subJected to 
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a constant pressure during phase transformation. 
ments should yield some basic information concerning the 
allotropic phases of plutonium and the transformations be- 
tween these phases. 
of t h i s  type, since plutonium has six al lotropic  phases of 
varying duc t i l i t y  and hardness, and the transformations 
between these phases OCCUT a t  low temperatures. 

The experi- 

Plutonium l s  an ideal  metal for  studies 

The creep compression apparatus i s  mounted i n  a vacuum furnace. 
Experiments are  conducted in a nitrogen atmosphere glovebox 
t o  minimize oxidation of the chemically reactive plutonium 
specimens. Plast ic  deformation under isothermal conditions 
i s  measured by means of two d i a l  indicators. As yet the in- 
fonnetion obtained i s  only preliminary and an interpretation 
is  not just i f ied.  

Alteration of existing tens i le  apparatus t o  permit continuous 
s t ress-s t ra in  recording of the predicted Portevin-Le Chatelier 
effect  i n  aluminum stabil ized de l ta  plutonium has been corn- 
pleted. 
specimens have been cast f o r  the i n i t i a l  t e s t s .  
will be given a 200-hour 450 C solution heat t r ea tmnt  pr ior  

Four 1 w/o aluminum stabil ized de l ta  plutonium tensi le  
The specimens 

- t o  testing. 

CUSTOMEZ? WORK 

1. Radiometallurgy Laboratory 

Examinations and Measurements. The third full-sized NPR outer 
element irradiated i n  the CX-2 loop has been received and mea- 
sured f o r  length and outside diameter. 
sional changes were found. 
showed tha t  no f re t t ing  had occurred where the inner tube 
supports had rested. 

- and support tabs is  i n  progress (RM C-553). 

No significant dimen- 
A replica made of the inner surface 

A detailed examination of the closures 

Continued examination of a ruptured rod from PRTR U02-Pu2 
Vipac element fill3 has fa i led  t o  reveal the cause of rupture.  
An unidentified second phase was found throughout the  core 
material i n  the rupture- area but what e f fec t  it might have had 
on the rupture i s  not known. (RM C621) 

Examination of six of eight U&J capsules, GEX-14-384-389, has 
been completed including replicas and autoradiographs of each 
(RM C-61.7). 

. .  . . .  
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The nested tubular PRTR element #l501 has been completely 
sampled and transverse sections from each element examined 
macroscopically. 
m e  detailed microscopic e x a n a t i o n  (RM c-618). 

Several samples from the Inconel outer tube and 316 stainless 
steel inner tube from the lo5 DR gas loop were cathodically 
etched and replicated f o r  electron microscopic examination. 
!the Inconel fracture surface was replicated with si l icone 
rubber and several p las t ic  reproductions were made (RM C-105). 

The portion of PRTR process tube #5540 which contained a 
26-mi1 deep wire wrap mark w a s  photographed and mounted f o r  
metallographic examination (RM 376). 

Examination of the s p l i t  failure from 3584-C w a s  completed. 
Metallography disclosed tha t  the uranium temperature had not 
been above the alpha phase. The cause of the rupture could 
not be determined because the element was so badly fragmented 

Small samples have been prepared f o r  

(RM C-417). 

Examination of a side-other failure frorn1275-F showed 
the cause of fa i lure  t o  be mechanical damage incurred during 
the charging operation (RM C-419). 

Room temperature tens i le  t e s t s  were completed on four Zr-2 
t ens i l e  specimens formed from irradiated KER process tubing 
(RM A-354). 

Room temperature tens i le  tests and Rockwell hardness t e s t s  
were coqle ted  on 14 irradiated KAPL-ty-pd specimens and two 
unirradiated control specimens (RM C-108). 

Irradiated bend test specimens designated f o r  corrosion 
studies have been machined t o  s ize  and are  being dr i l led  per 
customer's specifications. This work has been completed on 
GEH-20-48, 64, and 82 (RM C-113). 

Tmsile t e s t s  were completed on 72 notch tens i le  specimens 
from GEH-20-39, 40, 61, 62, 71, and 72 and the  data charts 
forwarded t o  the customer (RM C-500). 

Equipment. Stereo Zoom Microscope: Basic optical  and 
mechanical drawings have been completed by the vendor. 
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Basin Fil ter ing System: 
s t a l l a t ion  of water demineralizer and dis t r ibut ion system 
In the 327 Building. 

Ultrasonic D r i l l  f o r  Microsampling: Microsampling of ir- 
radiated Uo;! was accomplished successfully i n  a mockup by 
using a 50 w a t t ,  20 KC ultrasonic d r i l l i n g  head and a t r e -  
panning tool .  The too l  was made from a 25 gage hypodermic 
tubing t i p  which was 0.020-inch outside diameter by 0.010- 
inch inside diameter. Solid cylindri'cal cores of i r radiated 
Uo;! were removed fromthe surface of a sample which had been 
prepared f o r  metallography. Several of the cores were frag- 
mented because the Uo;! w a s  badly cracked. 
cores f romthe trepanning too l  w a s  accomplished without d i f -  
f i cu l ty  except from areas where the sample had been i q r e g -  
nated with an epoxy resin.  
applicable t o  materials w i t h  a hardness of about Rockwell c-65 
o r  higher. 

Approval has been obtained f o r  in- 

Removal of the 

This d r i l l i ng  process i s  only 

2. Metallography Laboratories 

During the month over 700 metallographic samples were examined 
in support of an intensive e f fo r t  t o  define the proper con- 
di t ions f o r  welding supports t o  N-Reactor fue l  elements. 

A metallographic technique was developed f o r  examination of 
welds i n  pure beryllium. This method consists of grinding 
through 600 g r i t  on s i l icon  carbide papers, followed by a 
preliminary polish on the  syntron vibratory polisher using 
Linde A abrasive on Metcloth w i t h  a mixture of 2$ chromic acid - 
2$ sodium dichromate i n  water. 
vibratory polisher usirig Microcloth, Linde A abrasive, and the 
same mixture of acids. 
anodized a t  40 volts i n  a bath of phosphoric ac id ,  ethylene 
glycol, and ethyl  alcohol, mixed 5:5:8 by volume. 
examination and photography are  done under polarized l i gh t .  

The* f i n a l  polish i s  done on the 

After polishing, the samples are  

Micro- 

The s ize  and dis t r ibu t ion  of radiation induced swelling pores 
a t  the depleted uranium-enriched interface of a "duo-enriched'' 
uranium rod were characterized by replication electron micro- 
graphy * 

Representative electron micrographs were obtained from the 
fracture surfaces of f ive  Zircaloy-2 impact specimens which 
had been fractured a t  temperatures ranging from 72 t o  - 3 U  F. 
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A phosphorous-containing uranium specimen was subjected t o  
cathodic vacuum etching and replication. The specimen had 
been prepared by arc-melting a button of derby metal uranium 
with 400 ppm phosphorous which was then c h i l l  cast  t o  f inely 
dis t r ibute  the eutectic phase. 
taken t o  characterize the second phase. 

Electron micrographs were 

Other work w i l l  be reported i n  connection with t h e  respective 
research and development programs served. 

3.  I?-Reactor Design Testing 

N-Reactor Charging Machine. The replacement Versa valve 
(three position) has been instal led i n  the high pressure 
water system. This was done so  tha t  t'ne charging pressure 
would be relieved back through the valve when the charging 
was completed. The valve has been tes ted and operates 
sat isfactor i ly .  

The hydraulic connections a t  the back end of the  machine, fo r  
use with the magazine loading bridge, have been installed and 
tested.  

The quick disconnect connections fo r  the piston return equip- 
ment a t  the front  of the machine have been instal led and 
tested.  

The annunciator panel and cover have been installed.  

All small hydraulic hoses have been replaced with new factory 
assembled hoses. 
locally,  were not rated fo r  the 1250 p s i  a t  which the  hydraulic 
system operates. 

Che Utes flow control valve used i n  the charging water supply 
ceased t o  function and was disassembled and cleaned. The valve 
now works sat isfactor i ly .  

The original hoses, whhh were assembled 

All preparations have been completed fo r  Design Test 22-B 
(charging with simulated fue l  column back forces) and several 
charges of dummy spacers have been fabricated t o  t e s t  equipment. 
Charging of fue l  elements w i l l  be undertaken in the near future. 

N-Reactor Fuel Handling Tongs. 
fue l  handling tongs has been suspended pending receipt of 

Fabrication of the N-Reactor 

machined parts.  
on the tong tightening cycle. 

Preliminary operational checks have been made 
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N-Reactor Fuel Magazine Loader. 
made on the magazine loader. 
i s  st i l l  pending. 

Preliminary t e s t s  have been 
Final evaluation of these t e s t s  

4. SDecial Plutonium Fabrications 

High Exposure Al-Pu Fuel f o r  physics Tests. 
rods were completed t o  bring the t o t a l  t o  850. 

One hundred Al-PU 
Cores f o r  es- 

sen t ia l ly  a l l  the remaining 150 rods are  extruded. 

High Exposure U@-pU@ Fuel for  Flux Monitor Tests. All  s ix  
", U@-Pu@ clusters  were completed. Each contained three rods 

loaded with pe l l e t s  and 16 vibrationally compacted rods. A 
rupture occurred in  one of the vibrationally compacted rods 
during i r radiat ion and a replacement c lus te r  w i l l  be made. 
This cluster  w i l l  contain two pe l l e t  rods, one swaged rod w i t h  
high-energy-rate impacted material, and 16 normal swaged rods. 

Low Exposure UCQ-Pu@ Fuel f o r  Physics Tests. 
being made f o r  the U@-m@ pe l l e t  press which should permit 
sintering the pe l l e t s  t o  the exact, required f i n a l  dimensions. 
Approximately TOO pe l l e t s  have been sintered. 

A new die  i s  

Al-Fu Fuel f o r  Corrosion Tests. 
X-8001 aluminum specimens corroded during autoclaving, appar- 

Cladding on f ive of the 14 

ent ly  as a result-of nickel segregation. - Fourteen specimens 
clad i n  Kn aluminum have passed bond tes t ing  and are  ready 
f o r  autoclaving. 

. 

.. 

Manager, Reactor and Fuels Laboratory 

- :. . .  
- .  
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REACTOR 

N-Reactor Exponential mer iment  s 

A value of the  control strength of a single’spllne in a water f i l l e d  cross- 
coolant tube i n  the center of the mockup exponential p i l e  has been determ- 
ined t o  be about one-fifteenth that of the horizontal control rod i n  the 
same position. 

The samarium balls t o  be used i n  remeasuring the ball-3x system strength 
have arrived. 
diameter rather than extrapolating f r m  measurements with smaller channels 
as was done previausly. 

. Analysis of NLReactor Data 

These measurements w i l l  be made u s i n g  the exact channel 

.@ 

. 

AU. experimental N-Reactor data have now been compiled. 
have been done t o  f i t  the  experimental f lux traverses by adjusting the 
neutron temperature. The neutron temperature for  the mockup and condensed 
l a t t i c e s  ought t o  be the  same. Althaugh the  condensed-lattice neutron 
temperature compares favorably with theory, the mockup neutron temperature 
does not. 

P-3 calculations 

The source of the problem is not known.. 

Work has been done tasard calculating the effective internal  surface frac-  
t i o n  ( fo r  calculation of the  resonance escape probabili ty) using a col l is-  
ion probability techniqpe. A col l is ion probability subruutine has been 
included i n  a-progrem whose results can then be used in  calculating the 
effective internal  surface. 

Fortran program PULP (calculates l a t t i c e  parameters from f o i l  a c t i v i t i e s )  
has been revised t o  correct an error  i n  the method of calculating the 
resonance escape probability. All N-Reactor data now have been re-analyzed 
using PULP. 

Optimization of Re-tubed Lattices 

One ver t ica l  and two horizontal traverses have been completed i n  the C- 
. .  exponential p i l e  with d r y  C I I N  fuel.  The ver t ica l  traverse has a l s o  been 
._ I 
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taken with six rods. 
tu re  of enriched and natural C V I  fue l  columns necessary t o  give a material 
buckling equal t o  the buckling of CIIN f ie l .  
t o  measure the buckling at enriched-to-natural ra t ios  of 1:8, l:3, 1:2, 
eaa 1:l. 

Thought has been directed tuward measuring the mix- 

It appears that it is  possible 

K Lattice PCTR Bcperiments 

Preparations are under way fo r  the PCTR measurement of absolute kap values 
fo r  KVNS fue l  pieces i n  zirconium process tubing. 
splines w i l l  a l so  be measured as a function of burnup. Materials are  
being assembled for  this experiment. 
zirconium process tubing and plugs, uranium can and f o i l  holders, and 
f o i l  counting materials axe ready. 

The worth of reactor 

The center c e l l  and core graphite, 

Ccunputational Programming Services 

PADOED, the program which examines a binary program deck, is  debugged. 
Several useful applications have been made. 

Two codes, LEAP and ADDELT, were received on tape fran Harwell, England. 
LEAP generates the thermal neutron scattering l a w  of a material, given 
a tabulated f'unction closely related t o  the phonon frequency dis t r ibut ion 
of the k t e r i a l .  The related code, ADDELT, may be used t o  m o d i f y  LEAP 
resu l t s  where high energy "optical" modes are important i n  the  phonon fre- 
quency spectrum. LEAP and ADDELT have been m o d i f i e d  t o  conform w i t h  the  
Hanford operating system. 

TRIP004 was prepared for  o f f s i t e  distribution. 

Both are i n  debug. -. 

Instrument at ion 

Linearity and s t ab i l i t y  of the slat gamma scan portion of the NPR h e 1  
Rupture Monitor were observed under t e s t  with other IPD and NRD groups. 
High voltage s t a b i l i t y  was measured under temperature, l i n e  voltage and 
load variations. Preliminary count-rate meter t e s t s  were also performed. 

Building d l f i c a t i o n s  required fo r  ins ta l la t ion  of the  NPR mer imen ta l  
Fuel Rupture Loop instrumentation at  the  PRTR have been scoped and a work 
order issued f o r  the work t o  be done. 
be- made t o  coolant flow controlling equipment t o  acccmrmodate higher 
pressures which are now planned. Unfortunately, th i s  w i l l  necessitate 
changing equipment specification bids already placed. 
were prepared fo r  strip chart recorders planned for  the  instrumentation 
system. 

In addition, modifications are - - 
Other specifications 0 

W 
Tv 
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The ionization chamber cable continuity t e s t s  were completed i n  the labora- 
tory. 

Foil  activation data obtained frm H Reactor inner rod roan were reviewed 
in  order t o  evaluate the effect  of increased rod clearance on neutron leak- 
age. Results showed that increased clearances presently under considera- 
t i o n  would be acceptable. 

System Studies 

A single-node, six-delayed group N Reactor simulation i s  being studied on 
the camputer i n  order t o  obtain preliminary process standards guide data. 
Effects of varying react ivi ty  and in l e t  water temperatures on peak power 
level,  metal and water temperature, and parer r a t e  of change have been 
evaluated. 
m a q  control loop was closed around the reactor and an elementary model 
of one of the  steam generators was included i n  the  simulation. 
of primary loop mixing and transport lags were factored in to  the analog 
computations. 

MPR pressurizer and injection pump simulations have been completed. 

Four canmercial control systems planned for  N Reactor simulation studies 
have been received and are  being instal led i n  a transportable control panel 
which may a lso  prcwide t e s t  data for  NPR control equipment. 

For studies within the reactor power operating range, the pri-  

The effects  

A two-dimensional D Reactor simulation is under computer evaluation for  the 
purpose of verifying new control optimization technimes. 
Reactor t e s t  i n  which a digi ta l  computer program w i + U  be used t o  correlate 
analog simulation data with measured reactor values has been temporarily 

A related D 

delayed. 

The controller developed by Im> Equipment Development Operation w a s  con- 
nected t o  the m a l c g  simulation of the D Reactor i n  an attempt t o  study the 
control characterist ics of the ent i re  system. A successful t e s t  nn of the 
simulation w i t h  the controller has not yet been achieved. 

Experiments with Plutonium Solutions 

M h e r  c r i t i c a l  mass experiments were conducted w i t h  plutonium n i t r a t e  
solutions i n  the l l .5-in.  diameter water reflected sphere. The data being 
obtained yield a curie of c r i t i c a l  concentration versus n i t ra te ,  which may 
then be used t o  e s t a t e  the c r i t i c a l  concentration f o r  a homogeneous plu- 

. -  
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tonium water mixture i n  the absence of nitrate, or t o  evaluate the dnhtum 
mass of Pu i n  the sphere. 
-70 - 100 g Pu/d at very low acid molarities (-0.2 - 0.9 molar). For an 
acid molarity as small as 0.2, the data provide the smallest c r i t i c a l  
ccncentration measurable fo r  Pu(N03)4  solutions i n  the sphere - 86 
grams/liter. 

Foil  i r radiat ions were made with bare and cadmium covered gold f o i l s  fo r  
determining the neutron flux dis t r ibut ion within the 11.5-in. sphere. 
Eighteen foils were irradiated at 1-in. intervals  across the vessel diam- 
e t e r  and extending into the reflector;  the f o i l s  were positioned in a stain- 
less s t e e l  re-entrant tube. During the irradiations the Pu concentration 
w a s  ~ 1 0 0  g pU/J (H/h -250); the  n i t r i c  acid molarity was i n  the range 
d O . 4  - 0.6. 
t r o l  rod and s ta inless  s t ee l  re-entrant tube have limited the  usefulness 
of these data so far, but measures are being taken t o  correct this. 

Plutonium concentrations were in the  range of 

Perturbations in the  flux dist r ibut ion caused by the con- 

Although the f lux was depressed i n  the central  region of the sphere by 
the pa r t i a l ly  withdrawn control rod, the the& gold activation data (bare 
minus cadmium covered f o i l s )  were used t o  determine an effective extrap- 
olation length for  th i s  system. 
data i n  the region of constant cadmium ra t io .  
extrapolation length of rr, 6.7 cm w a s  computed. Althaugh this value is 
subject t o  some uncertainty as a consequence of the flux perturbations 
abwe, it is i n  quali tative agreement w i t h  measured extrapolation lengths 
f o r  water reflected $35 solutions which are  about 6.0 cm for  spher icd  
geanetry . 

A l ea s t  squares analysis w a s  made t o  the 
On th i s  basis an effective 

. Five lutetium f o i l s  were also irradiated at 2-in. iqtervals throughout 
the region of constant cadmium r a t i o  (approximately 10 cm 6n ei ther  side 
of the sphere center). 
yield an effective neutron temperature for  this system. 

These data, when the analysis is  complete, w i l l  

Fulsed Neutron Source Emeriments 

-4 

Ailsed neutron source experiments were conducted concurrently w i t h  c r i t i -  
ca l  mass measurements i n  the l l . 5 - h .  sphere. 
produced - lo7 neutrons, of 14.3 Mev energy fram the D-T reaction, i n  a 
t h e  interval  of- 5 microseconds. 

The pulsing device used 

From measurements of the decay of prompt thermal neutrons near delayed 
c r i t i ca l ,  the mean l ifetime of the prmpt neutrons was determined. 
of -19 microseconds was obtained f o r  a Ar concentration of 73 g h/J 
(H/Pu atomic r a t i o  of 346). 
f ract ion was assumed t o  be 0.0023. 

A value 

In this determination the  delayed neutron 
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Measurenents of keff were made fo r  several other Pu solutions i n  the range 
up t o  -100 g Az/B during t h s  c r i t i c a l  experiments. 
measurements gave a &ff of 0.94 when the  vessel  contained about 6oq6 of 
the c r i t i c a l  volume i n  the reflected s ta te .  It remains t o  be demonstrated 
whether quantitative in s i t u  measurements of l s + y  can be performed on com- 
plex process vessels, which are  well subcrit ical ,  fo r  nuclear safety eval- 
uations in  the  plant. 

The data from the 

Theoretical Analysis of Plutonium Solution Cr i t ica l i ty  i n  Water Reflected 
11.5-in. Spheres 

In connection with the correlation of c r i t i c a l  mass experiments with 
theory, further effor t  was made t o  canrpute c r i t i c a l i t y  f o r  f ive  of the 
solutions measured in the  water reflected 11.5-in. sphere. W t i g r o u p  
diffusion theory was used t o  calculate hff for  solutions that were within 
0.04 l i t e r  of c r i t i c a l i t y  i n  the just  full l l . 5 - h .  sphere. 
of these calculations indicate that the  c r i t i c a l  masses could be calculatee. 
t o  within 3s of the experimentally determined values. 

The resu l t s  

A theoret ical  extrapolation was a lso  made t o  determine the  concentration 
of plutonium i n  water that would be just c r i$ ica l  i n  the  l l .5-in.  water 
reflected sphere, i.e., zero n i t r a t e  and Ai240 = 4.6$. 
c r i t i c a l  concentration is 65.0 * 5.0 g / J .  

Calculations f o r  Nuclear Safety Applications 

The GAMTM: Code, which provides multigroup constants f o r  heterogeneous 
system fo r  use i n  miltigroup diffusion calculations, has been modified t o  
calculate individual l a t t i c e  physics parameters, i.e., 7, E, p, T ,  ~ 2 ,  
and material buckling. 
f o r  a tube-in-tube fuel  assembly in a graphite moderated l a t t i c e  array. 

The resulting 

The code has successfully computed these parameters 

Consulting Services on Nuclear Safety - Cr i t i ca l i t y  Hazards 

Nuclear Safety i n  M 

Temporary Specification No. 3 was issued f o r  Coolant Systems Development, 
covering the  storage and transporting of J and C Are1 elements pr ior  t o  
processing i n  100-K. 
cages and are t o  be stored temporarily by CPD i n  200-W Area. 

Several meetings were held with PRTR Technical Planning t o  discuss revised 
storage specifications in the  309 Building fue l  element basins and nuclear 
safety i n  the  PRCF. 
be issued i n  May. 

These special fuel  elements aze i n  12 approved bird- 

A final draft of the  revised specification K-1 w i l l  
The PRCF discussions centered around methods of assuring 
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nuclear safety 
nuclear safety 

i n  the lower regions of the c r i t i c a l  assembly tank and the  
of storing 2.5 w/o P~%-u% fue l  elements. 

i n  CPD Nuclear Safety 

-her assistance was provided t o  CPD through participation on the Recu- 
plex Deactivation Committee. 
were: 
sawing) under A-ocedure A-45. 
grate, were exposed and found t o  be completely f i l led with solids. 
top rings (about six inches) cleaned easi ly  with acid. 
removal and dismantling of the vessel is now i n  progress under Procedure 
A-47. 2 )  Hood HC-42 was ac t i -  
vated for  dissolving plutonium axide. 
w a s  made by the  cami t tee  and an operating procedure was issued as Proced- 
ure A&. 
solids from the  R&B hood floor.  
the floor has dried t o  a sol id  crust &$in. deep (containing about 4-6 Kg 
of plutonium). 
i n  special wing equipment. 
direct  storage i s  now being evaluated by CPD. 

The three areas of ac t iv i ty  this month 
1) The top portion of the  J - 2 6 ~  steam str ipper  was removed (by 

The packing rings, below the hold-down 
The 

Zk the r  plutonium 

The vessel contains.4 - 6 Kg of plutonium. 
A hazards evaluation of the hood 

3 )  Efforts axe continuing t o  devise a method of removing the 
In the passing of t h e ,  the material on 

It may not be necessary, therefore, t o  process the sludge 
A procedure t o  package the d r y  material fo r  

Nuclear Safety i n  IJRD 

Buckling and c r i t i c a l  mass calculations were made on NPR fue l  elements fo r  
the Research and Engineering Operation, 
difference i n  nuclear react ivi ty  between a l a t t i c e  of NPR fue l  elements 
with water inside and outside of each element and a l a t t i c e  of NPR fue l  
elements with water on the outside only. 
elements were capped on each end and then flooded with water. It was con- 
cluded from the  calculations that the pa r t i a l ly  moderated array w i l l  
def ini te ly  have a lower buckling and a higher c r i t i c a l  mass than the fu l ly  
moderated array. Consequently, the c r i t i c a l  parameters f o r  the fu l ly  
moderated array.of NPR fue l  elements can safely be applied t o  an array of 
capped elements . 

The problem was t o  determine the 
,_ 

This case.would arise i f  the fuel  

Discussions were held with MID t o  determine the  calculations and experi- 
mental work which may be necessary t o  es tabl ish nuclear safety limits fo r  
NPR fue l  elements of 1.2 $ e 3 5  enrichment, 

which about 35 tons of NPR fue l  elements w i l l  be fabricated. 
parameters w i l l  first be calculated t o  determine i f  safe, but flexible,  
fabrication controls can be established without the need f o r  experimental 
measurements . 

It i s  planned t o  obtain about 
70 tons of the 1.259 $3 s uranium i n  b i l l e t  form i n  about six months, frcxn 

Cr i t ica l  
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Rotating-Cxyst al Spectronet e r  

Development of apparatus t o  measure slaw-neutron ine las t ic  scattering by 
time-of-flight was continued. Plans were made t o  study the characteris- 
t i c s  of a different  synchronous motor for  the rotation of a chopper and 
crystal  i n  phase. 

A study of Hanford-produced He3 proportional counters ' for  time-of-flight 
and other loca l  problems was ini t ia ted.  
ceted and f i l l e d  with a mixture of He4 and C Q .  
inside the counter was used t o  simulate the ionization produced from ab- 
sorption of a neutron by He3. 
detector were qyite good. 
pressure of f i l l -  gas and electrode geometry. 
t o  mezsure the  uncertainty i n  ion-collection time (time j i t t e r )  of propor- 
t iona l  counters fo r  time-of-flight use. 

Construction continued on the 6144-channe1. time-of-flight analyzer. 
subsections were interwired and further debugged. 

A prototype counter was fabri-  
An Am241 alpha source 

The pulse-height characterist ics of this 

Work is  also under way 
Further studies are planned of the mixture and 

System 

Fast-Neutron Cross Sections 

Measurements were made of the t o t a l  cross section for  neutrons of 3 t o  15 
Mev fo r  samples of 14 elements. 
ments on the elements Mn, Se, and Te. A t  l e a s t  two measurements have now 
been made on JU, V, C r ,  Fe, As, Y, Zr, Nb, and W, and the measurements of 
these elements are now nominally completed. Additional measurements were 
a l so  nade on samples of B i  and Pb. 

The data of the measurements which were made on Rq($ have been reduced 
t o  yield the t o t a l  cross section of Ra147, 
i n  the cross section than i s  seen in  the cross sections of adjacent ele- 
ment s . 

These included the first Hamford measure- 

The resul ts  show more structure 

REACTOR DErvELopMENT - 04 PROGRAM 

PLUTONIUM R E Y C L E  PROGRAM 

High Exp osure AtAl Lattice Studies 

The neasurenient.s i n  the PCTR of 19 rod clusters  of t h i s  fue l  on a 6-1/2" 
pi tch i n  graphite were begun and ccnpleted awing  the month. 
contains 2.2 w/o Pu which contains 20.6 atom $ Fu-240. 
required t o  pcison the central  c e l l  t o  a multiplication of unity was deter- 
mined. 

The fue l  
The mass of copper 

This mass was found t o  be on ly  s l igh t ly  dependent upon the flux 
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V i s i t  t o  Rocky Flats  Plant 

. 

.. 

"he Roclry Flats Plant was v is i ted  on March 25, 26, and 27, 1963, t o  review 
data obtained from c r i t i c a l  mass experiments and t o  discuss industr ia l  
nuclear safety.  
have been made t o  date and the measurements planned f o r  t he  near f'uture was 
obtained. 
t i v e  and provided an opportunity t o  discuss many aspects of nuclear safety 

An excellent review of the i n  si tu measurements that 

The tour of the plant f a c i l i t i e s  proved t o  be very informa- 

philosopby. 

Instrument at ion 

Tests t o  determine scramming time of the  spl i t -half  assembly at the C r i t i -  
ca l  Mass Laboratory are encountering d i f f i cu l ty  due t o  var ia t ion in control 
rod r a t e  of t ravel .  
with uniform velocity. 

A servo-mechanism system incorporating semi-conductor detectcrs and de- 
signed t o  traverse the c r i t i c a l  solution sphere at the  Cr i t ica l  Mass LaSora- 
to ry  was fabricated and sa t i s fac tor i ly  bench testecl. 

An additional neutron monitoring channel is  being added t o  Cri t ical  Mass 
safety c i rcu i t s .  
meter with a new safety c i rcu i t  controller.  
connect this monitor into the c i rcu i t  i n  case any of the present safety 
c i rcu i t  channels fail .  
one with an ion chamber and one with a sc in t i l l a t i on  detector. The ion 
chamber i s  found t o  provide improved information r e l i ab i l i t y ;  the sc in t i l l a -  
t i o n  counter is intended fo r  use i n  conjurict.ion witrh a log  count-rate meter 
and a period meter. 

Attenpts are  now being made t o  make three rods mcve 

The monitoring channels consist of a Keithly log N-period 
Provisions have been made t c  

Work is proceeding t o  replace two f i ss ion  counterE, 
'- 

NEUTRON CROSS SECTION PROGRAM 

Scattering-Lad' Measurements for  Light Water at  Elevated Temperatures 

Measurements of the ine las t ic  scattering of slow neutrons fram l igh t  water 
at  95OC continued during the month with the  t r iple-axis  spec t r ae t e r .  
kasuremtnts have been made for  eight different  values of the  neutron 
energy change on scattering which range from 0.0375 t o  0.175 ev. 
the measurements it was discovered that the  water sample thickness had 
varied due t o  the  pressure of evolved gases i n  the sample container. 
Sane of the  measurements which were made w i l l  have t o  be repeated. 

m i n g  

W h e r  measurements were made which are designed t o  evaluate the magni- 
tude of same indicated systematic errors of the  t r iple-axis  spectrometer 
measurenent methods. 



match between the  central  c e l l  and buffer ce l l s .  

Foil  irradiations were made f o r  both the poisoned and unpoisoned l a t t i c e s  
i n  the -cases where the cadmium r a t i o  of gold w a s  nearly the  sane i n  the  
central  c e l l  and the  surrounding eight buffer ce l l s .  In these i r rad ia t iom 
the  f ine  structure of the f lux i n  the central  c e l l  was measured using cop- 
per f o i l s  fo r  c e l l  traverses and AzAl, U-235 AI., Cu, and Au f o i l s  t o  obtain 
re la t ive  activation ra tes  in each fue l  ring, at the c e l l  boundary and i n  
the  thermal column. The cadmium ra t ios  fo r  puA1, U-235-A1, Cu and Au 
were also measured i n  each h e 1  ring and on the c e l l  boundary. 
t i o n  i n  neutron absorption r a t e  at various positions in the  poison was 
measured. 

The varia- 

The relat ive react ivi ty  coefficients of Cu and U-235 around the  central  
rod were measured i n  both the poisoned and unpoisoned cases. 

Plutonium Recycle Cr i t ica l  Faci l i ty  Startup Ecp eriments 

The startup experiments completed during the  montb include the l o w  and 
high power leve l  calibration experiments, horizontal and ver t ica l  distri- 
butions of bare and cadmium covered BF3 neutrcn counting rates, bare Au 
f o i l  counting ra tes  at  c r i t i c a l ,  moderator leve l  coefficients fo r  the  
i n i t i a l  c r i t i c a l  loadings, par t i a l  control rod worth, traverse mechanism 
worth, and other worth measurements. 

In addition, experiments t o  calibrate the  safety and control rods by 
the rod drop method were performed. 
measured t o  be about one-half the  value required ky the  process specifica- 
t ions.  
the  safety rods and t o  a l l o w  f l ex ib i l i t y  fo r  future experiments. The new . 
core configuration consists of 22 UO, elements i n  the center with three 
safety rods 16 inches from the  center, 27 PUAl elements surrounding the  
U@ and three control rods 24 inches fromthe center. 
resu l t s  i n  a core with a circular  instead of hexagonal outer boundary 
and i n  s j x  emp$y fue l  positions ( the  corners of the hexagon) fo r  future 
f l ex ib i l i t y  . 
The new loading resulted in moving the  safety rods 8 inches closer t o  the 
center of the reactor. 
and 22 mk. 
flux squared weighting and the  worth measured i n  the original position. 
The total worth of the  safety rods agrees with the minimum stated in  the 
Fiasl Safeguards Analysis. 
i n  addition t o  the  t o t a l  worth c r i te r ion  the  worth of each safety rod 
shwld  be at l ea s t  25 mk. 
of the safety rods d i f f e r  i n  worth by -259. 

The worth of the safety rods was 

The core of the  PRCF was then rearranged t o  increase the worth of 

This configuration 

This increased t h e i r  worth from -11 mk t o  21, 27, 
The final values agree very well with that expected from a 

However, the  Process Specifications s t a t e  that 

Ekperiments are planned t o  determine w h y  sane 

:. . ..-. * I 
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The worths of the  control rods are 1.7, 2.1, and 1.6 mk. 

Reactor Kinetics Experiments 

In preparation fo r  analyses of the kinetics experiments i n  the PRCF, a 
subroutine which was written fo r  the Generalized Least SQuares Program 
G L M  i s  being used t o  analyze data from the "R. The data were obtained 
f o r  ant i react ivi ty  insertion i n  a c r i t i c a l  reactor. 
of values of the flux fo r  times up t o  one second a f t e r  the insertion and 
f o r  times between 4 sec and 300 sec. When a l l  six groups of delayed 
neutrons i n  the TllR are  assumed t o  be effective for  the FZR data the 
f i t t ing  process fa i led  t o  converge because same of the groups were present 
i n  too s m a l l  an intensity. However, convergence was obtained when only 
three groups were used for  eachtime interval. 
groups f i t  the data up t o  one second and the  three longest-lived groups 
f i t  the data between 4 seconds and 300 seconds. 
data  between 0 and 1 second using only two exponentials. 
this two group analysis w i l l  be compared with the resu l t s  obtained by hand 
calculations. 

The data consisted 

The three shortest-lived 

A f i t  was a lso  made t o  the 
The resul ts  of 

F 

Approach-to-Critical Ekperiments U s i n g  High Esrp osure PuU 

Ekperiments with &O moderator, similar t o  those performed on the 1.8 w/o 
PuAl f i e 1  rods, are planned for  2.0 w/o FuAl with 16s Ar-240 content. 
hundred and f i f t y  of the  1,000 fue l  rods expected have been received. 
hundred and seven of the  fuel rods have been placed i n  a l a t t i c e  with 0.66- 

ca l  number of rods w i l l  be greater than 1,000. 

Additional lattices that are being prepared fo r  this experiment have fue l  
rod positions spaced 0.75, 0.80, 0.85, 0.90, and O.95-inches center-to- 
center. 

e. 
Eight 
Six 

' inch center-to-center spacing. A rough extrapolation indicates the c r i t i -  

Neutron Thermalization - Theoretical Scattering L a w s  f o r  Water 

Modified Gauasians have been used t o  study the  effects  of resonances with 
f inite widths on the  scattering l a w  fo r  water. An IBM-70gO program is used 
t o  evaluate the anslytical  expressions. As expected the agreement between 
theory and experiment a t  low momentum transfer  is  significantly be t te r  than 
can be obtained using zero width resonances. 
serious discrepancies for  high energy t ransfers  and this region is now being 
studied. 
inclusion in the  Physics Research Quarterly. 

However, there  are  s t i l l  

A report on the resu l t s  obtained s o  far has been prepared fo r  

I 1 0 3 3 0 0  
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a . - PRTR Fuel Cycle Analysis 

Calculations of the flux in  the  heavy water moderated, 19-rod cluster,  
natural uranium fue l  element reported last month were extended t o  include 
a double $ calculation t o  compare with IDIOT. 
calculation was made t o  be consistent with the  temperature-.dependent IDIOT 
absorption cross sections. I2 and s;! calculations predicted approximately 
the  sane normalized flux which decreases monatomically toward the center 
as apposed t o  the increase i n  the  middle regions predicted by IDIOT. 
Thermal u t i l i za t ion  factors were not significantly different  from IDIOT 
results, however. 
and 0.9524 (De). The calculated g factors,  where . 

g - -  - 'BEL , were 0.65876 (IDIOT), 0,66062 (Q), Bnd 0.66876 (@). 

A small change i n  the I2 

The calculated values are  0.95276 (IDIOT),  0.95132 (I2),  

%od 

The fa i lure  of IDIOT i n  the  center regions for  t h i s  specific case was not 
indicated by the  balance check. 

Operating Data Analysis 

Several s u c c e s s w  THERMOS cases have been run during the  month. The de- 
t a i l e d  energy dis t r ibut ion of the neutron density about t he  l ev resonance 
i n  Fu-240 has been calculated using Doppler broadened cross sections from 
GROUSS. A similar study of the neutron density about the  0.3 ev resonance 
in Fu-239 w a s  run. 
ev, a t h i r d  case was run covering the energy range belar the  Fu-239 reson- 
ance i n  f ine  de ta i l .  
ev, 0.18-0.683 ev, and 0.683-2.38 ev) are calculated f o r  an equivalent 
homogeneous model of the c e l l  (1/2" Fu-AI. rods on a.3/4" l a t t i c e  spacing 
i n  light water). 

In order t o  have a composite spectrum from 0 t o  2.38 

Effective cross sections fo r  the three groups (0-0.18 

In order t o  reduce the tlme required i n  preparing input data for  THERMOS, 
the  code is  being chained t o  the  RBU data tape. A subroutine, THEAR, was 
written and d e k e d .  This subroutine accepts group boundary energies as 
input and calculates g r o q  veloci t ies  f o r  THERMOS. 
being debugged. 

The chain i s  presently 

Code Development 

umc 
Program Umrr which updates a chain tape has been revised t o  permit i ts  use 
with the physics chain tape which is  used i n  the  CALX system. 
rent ly  operational. 

- 
It is cur- 
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CALX 

Program SIGMA-3H is being revised t o  ease data  prepaxation which is  cur- 
ren t ly  quite redundant. 

Program CALX w i l l  now perform endpoint searches in time sat isfactor i ly ,  and 
w i l l  stop properly when the react ivi ty  falls below a cer ta in  value. 
sometimes fails, however, when attempting t o  stop at a par t icular  reactiv- 
i t y  value. 

- 
The revision is 90$ debugged. 

It 

The source of this error i s  being sought. 

' 

m 
Two bugs have been corrected i n  HFY. 
searches which formerly w a s  ignored has been corrected. 
message is now printed out properly when the nutuber of flux points exceeds 
memory. 

- 
The i te ra t ion  l i m i t  f o r  c r i t i c a l i t y  

Also, an error  

An addition has been made t o  allow HlW t o  increment by the same mount all 
radii outside of the one specified when doing a c r i t i c a l i t y  search. 
change w i l l  f a c i l i t a t e  calculations of importance t o  the  Cr i t ica l  Mass 
Laboratory experiments. 

This 

CLERK *.* 

Document, HW-75521, which describes the CLERK I (fast reactors), and 
CLERK 11 (generalized) cross section averaging codes i s  now i n  rough draft 
form. 

- 

The addition of CLERK I1 t o  the PHYSICS CHAIN i s  being considered. 

ALTHAEA-MELEAGER 

ALTHAEA-MELEAGER code is  being changed so that the i f fec t ive  resonance 
integrals  (calculated from d i lu t e  parameters) show the e f fec ts  of all 
isotopes rather than being res t r ic ted  t o  indicating the self-shielding 
effects  as was done previously. 
culate interference coefficients fo r  all isotopes on all other isotopes 
of interest  using the resu l t s  of SPECTRE and/or other thermalization and 
slowing down codes. Preliminary resul ts  indicate that Ar-239 causes a 
reduction of the resonance Integral  fo r  AI-241 by about the same amount 
that the h-241 would by self-shielding on a per atcan present basis of 
comparison. 

A computer code has been writ ten t o  cal- 

These changes are expected t o  considerably improve the  flux traverse c r i t i -  
ca l i t y  and burnup resul ts  which can be obtained with ALTHAEA code. 

DECLASS i E l  E D 
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Cross Sections 

Updated versions of the GAM-I, the G-2 19-level and TB4PESI cross section 
l i b ra r i e s  have been made frm RBU basic library (Ug, u+, and V values being 
updated). 
derived f o r  the  isotopes recently updated on the RBU library, and w i l l  be 
reported in HW-77389, ent i t led,  "Westcott Parameters Derived from the RBU 
Basic L ib ra ry  f o r  a A 4 Cutoff." 

The Westcott parameters corresponding-to a A 4 cutoff have been 

Advanced Reactor Concepts 

Plutonium Util ization Studies 

A substantial  par t  of the capar i son  study of U+, AI+, and ArN as fuels  
for  small, compact, fast reactors is complete. The idealizedtwo-region 
reactor considered i n  this study is composed of a spherical core surrounded 
by a 10 cm thick beryllium ref lector .  The core consists of void and fue l  
or void and a fuel-tungsten matrix. 
0.20 t o  0.80, and two tungsten concentrations i n  the fuel of 0 and 50 v/o 
have been considered so far. 
theoret ical  density t o  account fo r  s t ructural  material and cooling holes 
in the ref lector .  In the calculations, the  ref lector  is maintained at a 
constant 10 cm<thickness, and the core radius is  varied t o  achieve c r i t i -  
ca l i ty .  

The void fractions were varied fran 

The ref lector  is beryllium at 75s of i t s  

The GE.HAPO S-XI  transport theory code w a s  used f o r  all of the calculations 
i n  the S4 approximation and with 13-energy groups. 
the energy-dependent cross sections (except tungsten), are taken from 
GAM-I, and the  lower three groups are hand-averaged values from BNL325. 
The tungsten cross sections axe those used by R. S.,Cooper of Los Alamos 
i n  c r i t i c a l i t y  studies for  fast systems. 
energies from 10 Mev dam t o  thermal. 
t he  thermalizing beryllium ref lector  necessitates taking account of the 
lower energies in the calculations. 

The top t e n  groups of 

The 13-energy groups cover 
Although the systems are quite fast, 

Figure 1 is a plot of the c r i t i c a l  spherical radius of the core vs. the 
core void fract ion fo r  the M, Pu%, and UO, Fuels with 0 and 50 v/o tung- 
s ten  i n  the fuel loading. 

The core volume r a t i o  w i t h  50 v/o tungsten in the fuel loading f o r  
U o ; ! : P u ~ : € W  is l:O.35:0.20 f o r  50 percent void i n  the core and 1:0.39:0.21 * 

f o r  the  tungsten f ree  case. 

For a flow area of 0.1 f%2 the t o t a l  reactor weights r a t io s  are  1:0.52:0.40 
w i t h  tungsten present, and 1:0.68:0.63 without tungsten. For a flow area of 
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1 f't2 the weight ra t ios  are  1:0.64:0.54 with tungsten and 1:0.77:0.74 with- 
out tungsten. 

Phoenix Studies 

( a )  Temperature Coefficients 

Temperature coefficient calculations f o r  a typical  Phoenix core are  
being carried out and some resu l t s  have been obtained during the 
present reporting period. 
erature defect between 68 F and 500 F operating temperature has been 
found fo r  a ser ies  of fue l  cmpositions, with Ar-240 contents ranging 
from 5 t o  n/20$. These temperature defects have been separated in to  
leakage and thermal base effects.  
over the 68 t o  500 F temperature range are  all very strongly negative, 
but a re  not a strong function of Pu-240 content. 
is about -2.1 x 10-4 A k/OF, made up of a leakage component of 
--.8 x 10-4 A k/OF and a thermal base cmponent of 
A k/OF. A temperature coefficient calculation was also carried out 
fo r  a 5 6  Ar-239, 31% Ar-240, 17% Ar-241, 24 AL-242 cmposition. 
resu l t s  are quite similar, yielding a s l igh t ly  ;educed over-all co- 
e f f ic ien t  .-of -1.8 x 10-4 A k/OF consisting of a - .6 x 10-4 A k/OF 
leakage contribuZion, and a -1.2 x loS4 A k/OF thermal base component. 

The contribution t o  the  temperature coefficient due t o  Doppler broad- 
ening is being t reated separately, since it i s  fue l  t a p e r a t u r e  depend- 
ent. The GROUSS code has been used t o  deternine Doppler broadened 
cross sections for  Pu-240 at fuel  temperatures of 750 F and 1750 F, 
respectively. 
For the  20$ €31-240, 70 kg Mark I cor 
e f f ic ien t  was found t o  be -7.6 x lo-% &/OF. 

For a 70 kg Mark I ( M / W  = 1) core the temp- 

The average temperature coefficient; 

The net coefficient 

-1.3 x 

The 

The reac t iv i ty  change is then fmd.  v i a  HFN calculation;. 
the  average Ar-240 Doppler co- 

(b)  Cross Section Averaging Schemes 

To ascertain the effect  of cross section uncertainties on the t h e  
dependent react ivi ty  behavior of Phoenix cores a var ie ty  of investi- 
gations are be- carried out. 

In one line of investigations the usual 4-group routine has been 
extended t o  an 8-group routine. 
r a t io s  was found t o  be negligible. 

The effect  on k and cross section 

In another l i n e  of investigations, the use of GROUSS in the  calcula- 
on of the  effective Pu-240 absorption'cross section i n  group. ( 3 )  
first epithermal group has been compared with the  resu l t s  of the Y 1 
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GAM-DRESNER methods presently i n  use. 
agreement : 

The resu l t s  show reasonable 

- 
Method h e 1  Temp. D a  240 

GROUSS 1750 F 1684.51 b 
GROUSS 750 F 1601.36 b 
G A M - D R E m  -460 F 1660.4 b 

The fac t  that such agreement does exist might not necessarily be a 
favorable development, since energy self-shielding i s  not yet con- 
sidered in GROUSS. 

( c )  ARMF-MIR Experiments w i t h  Flutonium Fuel 

Preliminary resul ts  of measurements of the spectrum in  the ARMF have 
been received. 
temperatures have been evaluated fo r  the ARMF t e s t  positions. U s i n g  
these values f iss ion and absorption cross sections were estimated fo r  
the  calibration samples in the ARMF t e s t  positions. 
t ions were combined w i t h  measured react ivi ty  kalues t o  obtain the 
sens i t iv i ty  of the ARMF t o  f i ss ion  and absorption cross sections. 
sens i t iv i tyva lues  w i l l  be used t o  determine the maxSlmlm f i ss ion  and 
absorption cross sections encountered i n  the irradiated samples. 
purpose of the analysis is t o  determine if the calibration samples 
cover an adequate range of f i ss ion  and absorption cross sections. 

From these data, Westcott r-values and the neutron 

The cross sec- 

The @ . 
The 

A special fue l  element c luster  is  being designed f o r  react ivi ty  meas- 
urements ( s t a t i c  and dynsmic) of s m a l l  samples I n  the  PRCF. 
samples w i l l  be the irradiated PUAl capsules which have been used in 
the ARMF-MlTR experiment. 

The first 

Mass Spectrometry 

The heavy-element mass spectrometer was used t o  provide uranium isotopic 
analyses on five samples f o r  the Analytical Control Operation, CPD, and 
twenty-two analyses on plutonium Recycle Program samples. The PRP analyses 
consisted of plutonium analyses of 4 samples from element No. 5051, 3 samp- 
l e s  fran No. 5095, and 5 samples from No. 5092, all Al-Ni-Ar fue l  elements, 
and the plutonium fraction of 10 samples fram UO, element No. 1041. 

Instrumentation and Systems Studies 

Tests were carried aut on a picoarmeter f o r  use i n  the FRPP high level  
radiation detection system. The instrument proved t o  be acceptable in most 

. DECLASSIFIED 
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respects; however, it did not function properly with the  long cable lengths 
required. Additional t e s t s  a re  planned with a second instrument. 

Fabrication of the  PRTR l iquid effluent gamma monitor i s  progressing. 
electronic chassis and panels are  ready for  w i r i n g .  
and one probe are  cmplete, and the card f i l e  and DC amplifier were wired 
f o r  the prototype instrument. A l l  laboratory t e s t s  of the PRTR under water 
gamma scanning equipment have been successfully cmpleted. When installed,  
this equipment w i l l  measure the  gamma ac t iv i ty  of i r radiated f'uel rods and 
wires. 

The 
One c i rcu i t  card f i l e  

The plutonium recycle c r i t i c a l  f a c i l i t y  w a s  simulated using the  parameters 
f o r  l ight  water moderation. 
t o  assess the effects  of loss of the l i gh t  water coolant. 
obtained and given t o  the requesting personnel. 

Assistance was given t o  the Mechanical Development Operation on the reqyire- 
ments fo r  a data systcn incorporating a &ti-channel oscillograph and 
capable of monitoring pipe vibration, f l u i d  f l a w ,  and shroud spacing of a 
PRTR process tube. 

Computer runs were made fo r  hazards analyses 
The resu l t s  were 

HIGH TEMPERATURE: REACTOR LATTICE PHYSICS PROGRAM 

The EI'LTR i s  being designed f o r  the  purpose of extending the type of 
experimental work that can be done with the  PCTR t o  higher tmperatures-- 
ranging up t o  1OOOOC. Subjects for study at these higher temperatures are 
t o  include temperature coefficients, control rod strengths, l a t t i c e  p r g e r -  
t i e s  of gas and liquid-cooled f'uel elements i n  sol id  moderators, and neu- 
t ron  spectra. 

During the  past few months a scope design of the reactor and f a c i l i t y  has 
been i n  preparation. As pictured a t  present the reactcr i s  t o  consist of 
a 10 foot cube of graphite containing a horizontal removable section 
5' x 5' x 10' .  
fo r  loading f'uel elements and inserting e l ec t r i ca l  he&ters. 
is  surrounded by a she l l  consisting of thermal insulation and an outer con- 
tainment layer. 
The electrical. power required t o  heat it i s  500 kw. 
posal is  a chopper with time-of-flight equipment fo r  measurement of neutron 
spectra, and a neutron generator t o  be used both as the  s t a r t i ng  source 
and fo r  experimental puqoses.  Other main features of the proposal are the 
gas handling system for  the  reactor atmosphere and f o r  vent i la t ion cooling, 
a data logger i n  the control console, and the  f a c i l i t y  t o  house the reactor, 
associated equipment, and personnel. 

There is  provision at  selected points throughout the stack 
The reactor 

The nuclear parer of the reactor w i l l  not exceed 2 kW. 
Included i n  the  pro- 
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The present s ta tus  of the project i s  that the preliminary proposal 
(m-76408) has been ccaapleted and a draf t  of the design c r i t e r i a  (Hw-76928) 
has been prepared. 
of the  design c r i t e r i a  has been reviewed and the various comments and 
cknges axe be- assembled i n  preparation fo r  writ ing the f inal  design 
c r i t e r i a .  

The proposal i s  under approval exemination. The draft 

NEUTRON FLUX MONITORS 

Microgram samples of plutonium, uranium, and cobalt irradiated i n  KJ3 
Reactor fo r  experimental evaluation of neutron parameters r, T, 0, were 
discherged and made ready fo r  post i r radiat ion analysis. 
radioactivity of the cobalt samples was measured using a simple four-pi 
ionization chamber calibrated with a NBS source, and these data were used 
t o  determine the cadmium r a t i o  and the. spectral  parameter, r. 
data w i l l  be required, however, t o  establish the values and the  uncertainty 
of t he  determinations. Based upon the cobalt activity,  sample exposure 
was determined t o  be 4.6-x $9 nvt. Mass spectrmeter analysis of the 
plutonium and uranium samples are  planned fo r  the near f'uture. 

Fabrication of an experinental regeneration detector is nearing ccmpletion. 
Upon determination of the neutron temperature, T, calculations w i l l  be made 
t o  establish the  canposition of regenerating plutonium detectors for  use 
i n  the magazine f a c i l i t y  at ICE Reactor. Plans are t o  have the detectors 
ready for  reactor charging a t  an extended tube outage scheduled for  the  
near future. 

The relat ive 

Further 

- 

. 
L The following tab le  itemizes useful l ifetimes (operating tFme for  which 

detector sens i t iv i ty  remains within ten  percent of median value) of 
detectors of various isotopic compositions. These values were cmputed 
fo r  a ~ O O O C  neutron temperature, and a spectral  parameter, r, of 0.04. 
Detector s ize  has been chosen t o  yield a maximum of lolo f iss ions per 
second in a f lux of 1014 nv. 

Detect or Usem 

Detector 

1. U r a n i u m  

2. u-Ar 

3. Plutonium 

4. Fission 
5. Alpha 

( regenerating ) 

( regenerating) 

(regenerating) 

Cross Section 
Isotope (~arns) 

u-234 105' 
U-235 557f + 110 
U-238 17.5 
Pu-239 8 8 8 f + 4 @  
F'U-239 888f + 409 
F'U-240 762 
Rl-241 1145f + 431 
u-235 557f + u o  
B-10 3480 

No. of 
A t o m  1017 

13 07 

85.5 
1.48 

0.93 
0.93 
2.25 
0 
1.80 
0.26 

Weight Lifetime 
a. (nVt)1020 

0.59 50.7 

3.41 142.7 

0.127 12.04 

0.07 2.80 
0.00043 0.48 

: DECLASSIFIED 



A bid was accepted for  the commercial fabrication t o  HAP0 specifications 
of three Boron-11 beta current neutron flux monitors. A para l le l  program 
t o  fabricate an experimental detector on Bite is  being delayed by d i f f i -  
cu l t ies  in obtaining sui table  commercial comgonents. 

A sol id  state Helium-3 neutron spectraneter was ordered fo r  evaluation as 
a neutron flux monitor. 

"he use of microwave techniques as  a nethod of measuring neutron flux 
levels  i n  an operating reactor i s  being ex-perhertally investigated. 
approaches are being studied in i t i a l ly .  
level  with microwave attenuation, the other w i l l  u t i l i z e  coupling of 
microwave energy through a neon tube locate9 at the point where the flux 
leve l  is t o  be determined. 

Two 
One vi11 attempt t o  correlate f l u <  

NONDESTRUCTIVE TESTING RESEARCH 

ELectromagnetic Testing 

Attempts t o  extend the multiparameter e6d.y current t e s t  t o  four parameters 
has sham that the associated mathematics a~zd instrument adjustments a re  
markedly more d i f f i cu l t  than tkie three parameter case. 
ments indicate that four parameters can be successfully separated, but the 
final resu l t s  of this t e s t  have not beer determined. 

Preliminary measure- 

A two-channel, single-frequency, eddy current t e s t e r  operating a t  250 KC 
and using a d i f fe ren t ia l  encircling c o i l  having 400 turns  of .002 inch 
copper wire was used t o  examine samples of l/8 inch diameter, .030 inch 
w a l l  Zircaloy sheathed chromel-alumel themoccuple lead wires. 
t i v e  examination performed by m e l s  Design at  ten"se1ected positions alorg 
the  sheathing revealed good correlation of i-mtrument signals ana sheath- 
ing condition i n  six positions. 
caused by eccentric positioning of one of the thermocouple wires i n  two 
cases, and by a le thinning of the sheathing in a third case. 
of signa,ls at the two remaining positions were unconfirmed. 

Destmc- 

Signals at  three other positions were 

The causes 

It is desired t o  adapt t he  graphical null balmcing device fo r  use w i t h  
t he  miltiparemeter eddy current t e s t e r .  Since several of these devices 
w i l l  be incorporated i n  cne instrumeat, t he  simplest design meeting per- 
formance requiremeats is  needed. A simplified design was conceived and 
incorporated i n  a new prototype single-frequency t e s t e r  with good resul ts .  
The new balancing unit is  simpler and gives a more l i nea r  voltage plane 
plot  than previous models. 
improved suspensions and bearings is proceeding. 

Detailed mechanical design t o  incorporate 

1 1 0 3 3 0 9  



E 2 0  

- 

&at Transfer Testing 

Variations in heat input were found t o  be a source of error  during heat 
t ransfer  t e s t s  on N Reactor fuel element end closures. 
the plasma arc j e t  used as a heat source in these tests are  being investiga- 
ted i n  an attempt t o  obtain more reproducible heat input. 
the emissivity independent heat t ransfer  t e s t  is continuing. 

Heat output of the  plasma arc j e t  used i n  testing fue l  elements is affected 
by gas f l o w  and pressure, voltage and current, and other variable factors.  
Variations In the  arc operating parameters are  being measured i n  an attempt 
t o  evaluate causes of variations i n  heat output. Although these variations 
do not appreciably affect  detection of fuel core t o  cladding bond discon- 
t inu i t ies ,  they are important i n  t e s t s  t o  detect small differences i n  over- 
a l l  bond heat flow characteristics. 

Factors affecting 

Development of 

Telephone l ines  between 314 Building and 3707-C Building are  being connec- 
ted  t o  t i e  the  tape delay unit i n  the analog computer f a c i l i t y  t o  the heat 
t ransfer  testing instrument so that Continuous computation required fo r  
emissivity compensation studies can be made. 

An infrared source was arranged on the present heat t ransfer  tes t ing  
instrument t o  a l l o w  frequent calibration checks on the infrared radio- 
meters. . This should a l l o w  greater reproducibility i n  the t e s t  resul ts .  

Zirconium Hydr ide Detection 

Mdy current measurements on short sections of 87 N Reactor process tubes 
have not revealed random signa3 variations large en* t o  mask signals 
due t o  hydride. 
before and a f t e r  exposing the tubes t o  hydriding w i l l  be necessary before 
optimum instrument sensi t ivi ty  can be determined. 

However, further t e s t s  involving comparisons of signals 

A l i t e r a tu re  search made t o  determine the effect  of i r radiat ion on the 
electrical. conductivity of Wrcaloy-2 indicates that no change in  conductiv- 
i t y  occur8 at exposure temperature around 140OC. 
data are available. 
t o  increase zirconium conductivity. 

No higher temperature 
Lrradiation temperatures l e s s  than 100°C are known 

Zircaloy samples W i d e d  t o  7000 p p  have been tes ted in a 12,000 gauss 
magnetic f i e l d  i n  order t o  more precisely determine the cause of eddy 
current indications. 
is due t o  an actual conductivity change rather  than precipitated ferro- 
magnetic phases. 

The resu l t s  indicate that the eddy current response 
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Fundmental Ultrasonic Studies 

The acoustic properties of a glycerine-kerosene interface has been analyt- 
i ca l ly  studied, and equipment assembled f o r  continuing experimental investi- 
gations. 
sound wave fronts  propagating between liqyid layers, techaiques of sampling 
small portions of the waves are needed. 
been commonly used for  beam sampling are  large compared t o  ultrasound wave- 
lengths and reduction beyond about O.Og0 inches in diameter appears t o  be 
presently impractical. By using hypodermic nee3les as collimators, haw- 
ever, it is possible t o  reduce the sampling diameter t o  0.007 inch. Pres- 
ent e f for t s  a re  investigating the use of two kiypdemic needles arranged in  
a binaural configuration which is  expected t o  reveal both wave front shape 
and direction of ultrasonic f ie lds .  

In order t o  more precisely determine the structure of u l t ra -  

Ultrasonic receivers which have 

The successful use of the hypoderinic needle collimator as & smal l  ult ra-  
suund receiver has also suggested the poss ib i l i ty  of inject ing ultrasound 
fo r  nondestructive tes t ing  purposes into extremely small and confined 
damins. Tests which have successfully transmitted sound waves through 
needles having an internal bore of 0.019 inches diameter have confirmed 
the  f eas ib i l i t y  of this idea, although improved probe design w i l l  be re- 
*red before such probes could be pract ical ly  applied. _. 

Theoretical work continued on Lamb waves i n  a hollow cylinder. 
studies indicated that the possibi l i ty  ex is t s  that the freqLiency equation 
might be factored under some conditions. 
found. This indicates that f o r  a par t icular  cmbina t im  of radius and 
w a l l  thickness two types of waves can exist, analogous t o  the symmetrical 
and asymmetrical waves i n  a f la t  plate.  
is not apparent, and numerical calculations w i l l  pGobably be neeeed t o  
determine the  nat.ure of the two waves, and whether the conditions for  
t he i r  existence apply t o  a physically realizable configuration. It has 
been calculated t h a t  the order of the Bessel functions i n  the frequency 
equations is higher than those tabulated i n  existing publications, as f a r  
as is known. 

Previous 

Such a factor izat ion has 3een 

The physical significance of this 

Work has been started on developing a calculation procedure. 

USAEC-AECL COOPERATIVE PROGRAM 

Nondestructive Testing of Sheath Tubing 

Program effor ts  continue t o  be directed toward the ultrasonic inspection 
of Wrcaloy tubing with w a l l  thicknesses i n  the range of 0.017 inches. 
Recent work has further confirmed the superior performance of wide band 
t e s t  frequencies and small, focused transducers fo r  this application. 
Reliable t e s t s  a re  now available for  tubing i n  th i s  range of w a l l  thickness 
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under carefully 
t e s t  procedures 

controlled laboratory conditions 
have not yet been develop&, however, with which the t e s t  

Suitable equipment or 

could-be applied under routine, f i e l d  conditions. 

Consequently, current e f for t s  are aimed at developing a simplified 'test 
system, including electronic circuitry,  mechanical tube scannlng e&pment, 
end instrument setup procedures with which the t e s t  may be pract ical ly  
epplied. 
the presence of a defect is  revealed by a decrease in  energy reaching the 
receive crystal  has been evaluated. 
inch surface notches are readily detected by a f i f t y  percent reduction i n  
receive signal amplitudes. 
the two crystals, however, make th is  method unattractive, even though it is 
re lat ively insensitive t o  the  physical orientation of defects within the 
tube w a l l  

In this regard, a two transducer send-receiver system i n  which 

With proper crystal  alignments, 0.001 

Difficult ies experienced. i n  suitably adjusting 

More promising resul ts  are being obtained from a method which positions a 
transducer-mirror assembly inside the tube such that the  ultrasonic beam 
is  directed toward the tube surface a t  the desired angle. 
adjusted t o  re f lec t  the beam at twenty-five degrees with respect t o  the . 
tube radius, both inside and outside notches were re l iab ly  detected. While 
the signal-noise r a t i o  was not as favorable as has been obtained with 
other t e s t  methods, continuing investigations are being made i n  an attempt 
t o  = lo i t  the simplified tube scanning requirements of this approach. 

Perhaps the  most prcanising resu l t s  obtained t o  date are being obtained 
with a third method which uses a large transducer positioned on the  out- 
side of the tube. The transducer i s  masked in such a way that it gener- 
a tes  two separate rectangular ultrasonic beams whose dimensions are  about 
three-eighths by one-sixteenth inch. In practice the longer dimension is 
oriented para l le l  t o  the longitudinal tube axis. 
designed t o  separate the two identical  beams an Bmount necessary t o  per- 
mit each t o  impinge upon the  tube surface at  an mgle of 2 5 O  with respect 
t o  the tube radii. 
indications fo r  each defect, one for  each beam, making the system less 
sensit ive t o  the orientation of defects within the tube w a l l .  
the wider beem dimensions allow a greater scanning pi tch and a reduced 
tes t ing  time. 
tube surface echo from which gating c i rcu i t s  may be more accurately timed. 

With the mirror 

The mask is cesef'ully 

Rotating tubes interrogated i n  this manner groduce two 

Importantly, 

It is also found experimentally t o  produce a more constant 

BIOLOGY AND MEDICINE - 06 PROGRAM 

Atmospheric physics 

Work on the analysis of atmospheric dLEpersion data collected Over the 
past three years continued, with emphasis on relating measurements of 



dispersion t o  meteorological variables. A significant improvement i n  
data s t r a t i f i ca t ion  was obtained by correlating the l a t e r a l  spread of 
the  diff'using plume with the  time of t r ave l  from the source t o  the sampler 
location. 
theory, it has,not been generally used by investigators because of d i f f i -  
culty i n  identifying the transport velocity. 
or l a t e r a l  variance of the sampled mass dist r ibut ion should increase direct ly  
with the  square of the t r ave l  time near the  release point, changing t o  a 
first power dependence on time at the  larger  distances. 

Data frm 43 Hanford experiments support t he  fundamental time dependence 
relationship, permitting prediction of the l a t e r a l  growth of the  plume 
using solely meteorological measurements. 
fo r  prediction was the product of the standard deviation of the  wind direc- 
t i o n  record obtained a t  the height of release and the  mean wind speed a t  
the same height. Both quantit ies were determined over t he  period of t racer  
release, 30 minutes. 
parameter and the  turbulent fluctuations i n  the  atmosphere was identified 
with the transverse turbulent energy of the  air motions. 
range of data  permits predictions t o  30-minute t r ave l  times throughout the 
full spectnun at atmospheric s t a b i l i t i e s .  

Five f i e l d  t e s t s  were conducted during the month. Three of these were run 
during unstable meteorological conditions with the source height at 61  
meters t o  simulate a stack discharge. 
above ground leve l  t o  a distance of 1600 meters. 
using a 6.7-meter stack height during s table  conditions with sampling on 
both the horizontal and ver t i ca l  grids t o  a distance of 3200 meters. 
These l a t e r  experiments were designed t o  evaluate ve r t i ca l  dispersion 
without the complexity of deposition on the  g r d .  

Precipitation scavenging studies progressed through p a r t i a l  reduction of 
the larger  number of samples collected during last month's f i e l d  trial. 
Over.10,000 par t ic les  were sized microscopically on f i l t e r s  and on Diazo 
raindrop autographs. 
Environmental Sciences, University of Washington, 200 impaction samples 
obtained in t he  Carbon Valley Area were assayed, and the  r e s f i t s  forwarded 
t o  them. 

Although t h i s  correlation resu l t s  from f'undamental turbulence 

Basically, the  cross-wind 

The scaling parameter required 

The relationship between the observed meteorological 

Thus far, the 

Samples were taken a t  1 . 5  meters 
Two t e s t s  were conducted 

In our cooperative e f fo r t  with the  Department of 

Dosimetry 

The first r e su l t s  are  available from our survey-by-urinalysis program i n  
Alaska. 
i n  the range 33 t o  294 nc of Cs-137, with an average of about 155 nc. 
Eight of the s a l e s  were from women; women tend t o  have burdens only 60 

A group of t en  samples from Fort Yukon indicated body burdens 
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t o  80% of those of men. 
?ass last summer but higher than found at Barrow, Point Hope, Kotzebue or 
Dimede. 
than caribou or reindeer as at the other villages. Presumably the moose 
=e the source of the Cs-137 f o r  the Ekimos there. Urine samples are 
expected frm Tanana and Bethel also, t o  give a rough survey of parts of 
tke s t a t e  not v i s i ted  last ~urrmier. Samples from these locations have been 
delayed due t o  the d i f f icu l ty  of' transportation in Alaska i n  the winter. 

Preparations are under way f o r  this summer's whole body counting study 
in Alaska. 

These burdens are lower than found at Aaaktuvuk 

The principal meat in the  d ie t  at Fort Yukon is moose rather 

A second type of p las t ic  phantom was purchased fo r  comparison with the 
one w e  already had for calibration of whole body counters, 
calibration of the shadow shield whole body counter f o r  potassium w a s  
cmpleted. 
dasd calibration techniques. In addition, an extra quantity of potassium 
was placed i n  the appraximate position of the  heart. It was counted with 
an efficiency two t o  three times greater than that of the potassium distribu- 
ted  throughout the body. 
potassium loss of patients being t reated with an a r t i f i c i a l  kidney (meas- 

high; this can be explained if  most of the 108s has been f r m t h e  blood 
system of the body and part of this i s  counted with higher than average 
efficiency. 

A study of the 

It gave a resul t  within 1/2$ of the value obtained by our stan- 

This has a bearing on our measurements of the 

urements at Swedish Hospital last fa l l ) .  Our resu l t s  were apparently too @ .  

' Study of the  detection of beta rws emitted frcxn the surface of the body 
continued. It was used on our 
cooperating P-32 patient i n  preparation fo r  calibration the next time he 
receives an injection of P-32. 

A new counter was made fo r  this purpose. 

Another batch of the gas germane was prepared and studied f o r  use i n  X-ray 
proportional counting. The resu l t s  were inconclusive. Supplies are being 
received fo r  assembly of a large sc in t i l l a t i on  counter f o r  X-rays. 

Whole body c a t e r  calibrations f o r  1-132 and Au-198 were gerfomed. 
These w i l l  be valuable in event of an accident. 

Assistance w a s  provided Radiation Protection Operation in f i t t ing  a recently 
received extra large IVaI(T1) crystal  into the shadow shield counter in 
their truck. 
whole body counter calibrations. 

A double crystal  holder is being prepared f o r  the regular 

The posit ive ion Van de G r a a f f  operated sa t i s fac tor i ly  during the month. 

* - -  
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L. W. Seagondollar, professor of physics at the  University of Kansas and 
consultant t o  Radiological Physics, spent eleven days at our laboratory-- 
most of it working on the charge separator he aesigned l a s t  summer fo r  
use with our helium ion source. Assembly and bench t e s t ing  of the system 
were completed. 
t i o n  on the Van de G r a a f f .  
i n  operation on the Van de G r a a f f .  

It appears t o  work very well and t o  be ready f o r  instal la-  
Final conclusions cannot be reached u n t i l  it i s  

The search continued for  an explanation of the  s h i f t  i n  calibration of the 
precision long counter that had been sent t o  Mound and Argonne Laboratories. 
Another precision counter t h a t  had stayed i n  our laboratory was recalibrated 
t o  make sure that there had been no unnoticed c h g e  i n  our procedures. 
This counter was within 0.18 of i t s  previous calibration so w e  f ee l  that 
no such change took place. 
that the shift was due t o  a temperature difference. 

A t  present w e  a re  investigating the  possibi l i ty  

The energy sens i t iv i ty  of a t i s sue  equivalent chamber system is being 
determined fo r  neutrons and photons. 

A helium-? proportional counter was studied f o r  use as a spectrometer for  
low energy fast neutrons. How- 
ever, high energy fast neutrons produce helium-3 recoi ls  that interfere  
with analysis of the low energy neutrons by the  He3(n,p)H3 reaction. 

Calorimetric measurement of the  specific power output of promethium-147 
was completed. The resu l t s  were 0.3314 and 
0.3295 watts per gram, respectively; the  uncertainty due t o  the  calorimetry 
w a s  about 0.0007 watts per gram. 
day run were used t o  determine a half-life; the r e su l t  w a s  2.73 5 0.08 
years. 
w o r d  have given 2.69 years. 

It has good resolution and efficiency. 

Two samples were measured. 

Thirty data points obtained i n  an eleven 

The best published ha l f - l i fe  is  2.65 years. Recent measurements a t  

About a year ago, during studies of radiation damage t o  graphite by elec- 
t rans  frcn the  Van de G r a a f f ,  a phenomenon w a s  observed which was inter-  
preted as a significant change in thermal conductivity at  a surprisingly 
low electron fluence. 
ivity measured with Graphite R&Dfs thermal pulse apparatus. "he change i n  
conductivity was observed but at  a much higher fluence than fo r  the effect  
first noted. 

A new sample was i r radiated and i t s  thermal conduct- 

Instrumentation 

The mold fabrication of moderating material fo r  the  experimental multiple- 
detector neutron dose meter was completed. Operation of t he  the& and 
resonance detectors was t e s t ed  with the detectors inside the  moderators. 
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Fabrication of aluminum caps t o  be used Over the f i ss ion  detectors has 
been initiated. 
241. 

me caps w i l l  employ a 13 dun2 thickness of Americium- 

h e  remaining d i f f icu l ty  with the personnel gamma dose neter is  that stick- 
im occasionally occurs between the AsuSaag coated center rod and the  plati- 
li'a f iber  through which the unit is  recharged. EXfort is now being made 
t o  el-tminate st icking between the two by replacing the gUartz rod with a 
rod made frm conducting Teflon. 
e completely satisfactory method of molding the Teflon rods t o  the desired 
shape has not yet been developed. The use of argon as a means of reducing 
the tendency t o  s t ick  has also been investigated with negative resul ts .  
Instrument layout has been redesigned t o  physically separate so far as 
possible the sensor from the instrument battery.  One prototype unit is 
presently under evaluation by Radiation Protection Operation. 

Results t o  date are encouraging, although 

A new alpha air  monitor employing an experimental CsI detector was tes ted 
during moderate atmospheric temperature inversions. 
t o  successfully different ia te  Pu-233 f ran radon and thoron act ivi ty .  
proposal was made t o  Biology personnel t o  convert one of t h e i r  alpha air  
monitors t o  the new method. 

The technique appears 
A 

m e r i m t n t a l  development of the  biological data telemetering system is 
continuing. Demodulation of animal respirs t ion and heartbeat signals was 
developed on a preliminary basis, Temperature effects  on the performance 
of the electronic c i rcui t ry  have been f d  t o  be negligible up t o  15O0F. 
A special instrument for measurement of both respiration rate and volume 
was cmpleted and delivered t o  the Biology Laboratory, HL. 

Cmmercial components were ordered fo r  three experimental phosphorescent 
par t ic le  detection instruments. A new light t r ap  design which increases 
air  flow through the  unit is  expected t o  improve instrument sens i t iv i ty  by 
reducing the time between U-V simulation of the ZnS par t ic les  and photo- 
tube de tec t ionof  the phosphorescence. Moreover, it is possible the new 
detection head w i l l  be d i rec t ly  adaptable fo r  use in an airplane for 
plume invest Qat ions. 

sc in t i l l a t i on  detectors f o r  use in measuring f i l t e r  entrapped beryllium 
were completed, and purchase of a Polonium-210 alpha activation source 
initiated. 
detection heads, which for safety reasons are being assembled in a sealed 
glove box. 

. 

General t e s t s  were completed on the electronic c i rcu i t ry  and 

The problem of obtaining gamma dose rate measurements aver a large number 
of decades i s  being investigated along two avenues of approach. For 

- ,  
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portable i n s t m e n t s ,  au tmat ic  control of s c in t i l l a t i on  detector voltage 
(using solid s t a t e  s i l i con  smplifiers) is  being investigated i n  order t o  
m i n t a i n  constant phdotube output current. A c q a c t  i n s t w e n t  incor- 
porating rechargeable ba t te r ies  and providing a logarithmic response from 
1 mr/k t o  10 r /k  is envisioned. 
ted gamns area monitors are being developed which employ phototubes which 
have t h e i r  bases removed t o  reduce a n d e  leakage currents, high gain 
amplifiers, and 500 CPS vibrating capacitors. 
is  a l s o  employed t o  provide constant anode currents at  about one nano- 
ampere. 
mic response; a 14 stage phototube should extend the logaritbnic response 
t o  six decades. Breadboard circui t ry  for  both the portable and l ine-  
operated instruments i s  being evaluated. 

Develapment &nd assembly of the  atmospheric physics experiment& portable 
mast system has continued. A noise study of the  wind speed channels was 
made and isolat ion transformers were ins ta l led  for  noise reduction on the 
tower parer l ines .  
operated sa t i s fac tor i ly  i n  laboratory t e s t s .  
were completed. 
t o  accelerate revision of HAP0 Radiotelemetering System. 

Concurrently, extended range l i n e  opera- 

Autcmnatic voltage control 

Use of 10 stage phototubes w i l l  provide four decades of logarith- 

The general system, excluding t a p e r a t u r e  channels, was 
A number of c i r c d t  &&wings 

Work i s  proceeding at  a s l igh t ly  reduce6 ef for t  i n  order 

W i n d  speed and direction a re  being recorded frm eight different  levels  on 
the  400 foot Meteorology Tower near 200-W Area. 
t o  t en  second average of the  deviations from a f ive  t o  twenty niinute aver- 
age of the wind velocity cumponents be recorded. 
maintaining climatological records and estimating the diffusive capacity 
of the atmosphere. 
on a magnetic tape recorder. 
t he  mean velocity vector were computed on the  analbg computer. 
tape reccrdings of wind speed and direct ion were used as inputs t o  the 
analog computer t o  sirmilate actual w i n d  codit . ions.  
times s e a  t o  pose no problems. 
is now being analyzed t o  determine the accuracy. 
ccanpared with a d i g i t a l  method for  producing the  same information. 

A meeting with Biology personnel was held t o  determine the applica3ili ty 
of an analog computer f o r  the  analysis of the  disposit ion of Tellurium-132 
and Iodine-132 i n  the bcdy of sheep. 
tellurium and iodine obtained i n  a single dose and i t s  disposit ioa i n  the 
plasma and the  m i l k  of the animal. 

It i s  required that a f ive 

These data are used for 

Recordings of wind speed and direct ion have been take= 
The required f ive  t o  twenty minute average of 

The magneti:. 

The long averaging 

The analog method w i l l  bs 
The data taken from the  analog c q u t e r  

The study involves the  disposit ion of 

Eqpations were formulated fo r  the study. 
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WASHINGTON DESIGNATED PROGRAM 

Isotopic Analy sis Rogrem 

Isotopic analyses of program samples continued at a very Ugh rate during 
the  month. 
of operation fo r  a week due t o  a leak i n  a bellows on a cut-off valve 
which occurred a f t e r  four years of uperation. 

The heavy-element mass spectrcmeter for  this program w a s  aut 

Design was completed for a scinti l lat ion-type ion detector for  the mass 
spectrometers. 

Developnent work was continued on a quick-change vacuum-lock sample holder 
f o r  the mass spectrometer. 

The detector is  now being fabricated. 

TEST REACTOR OPERATIONS 

Qera t ion  of the  PCTR continued routinely during the month. 
three unscheduled shutdowns caused by electronic failure. 
t o  determine kbo for  2.2s A2-A1 (20.65 Ar-240) 19 element clusters in a 
6-1/2-inch graphite l a t t i c e  was completed. 
vation measurements were made. 
0.14 Gd samples was measured t o  detect the  presence of the  Gd. 
but significant difference existed between the sets of samples. 

There were 
The experiment 

Hul l  reac t iv i ty  and f o i l  ac t i -  
A set of Hastallay X and Hastalloy X plus 

A small 

The TlIR was not operated during the  month. 

The c r i t i c a l  approach tank, which uses the TTR safety circuitry,  was 
reactivated. 
Ar-240) in a 0.66 in. light water l a t t i c e .  
Additional rods up t o  1000 t o t a l  w i l l  be added when available. 

Measurements are being made using 1/2,in. 2s &-A1 (165 
850 rods have been loaded. 

CUSTOMER WORK 

@ -  

Weather Forecasting and hkteorological Service 

Consultation service w a s  rendered on meteorological and climatological 

from the Bioassay Building. 

Meteorological Services, viz., weather forecasts, observations, and clima- 
tological  services were provided t o  plant operations and management per- 
sonnel on a routine basis. 

.aspects of axides of nitrogen release in 300 Area, and -st fume release 

DECLASS f FIED 
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Weather S u m a n  

Type of Forecast 

& H o u r  Production 
24-Hour General 
Special 

Number W e  

90 
60 

172 

$ Reliabi l i ty  

80.8 
84 -3 
91 03 

April was much cooler than normal and was the  wettest on record with precip- 
i t a t i o n  to ta l ing  1.17 inches. 
inch and the  previous high fo r  the  month was 0.96, recorded i n  1932. 

Normal precipitation f o r  April is only 0.37 

Instrumentation and Systems Studies 

Plans were formed t o  develop a s o i l  moisture content measuring probe using 
a Ar-Be neutron suurce a.nd a neutron detection probe. 
work w i l l  be carried out for  Advanced Technical Planning, CPD, and Chemi-  
c a l  Effluents Technclogy, HL. 

The development 

Design work was completed t o  convert one alpha-beta-gemms air f i l t e r  sample 
counter at the  231 Building t o  a coincidence-count type f i l t e r  cmnter.  p% - <& . Fabrication is  nearly done. 

Suggestions were made t o  Biology personnel regarding usef'ul methods for  
eliminating 60 cps pickup i n  electrocardiogram instruments. 

Discussions were held with CPD personnel from 234-5 Building regarding 
t h e i r  acquisit ion ofmincidence-count f i l t e r  co-mters. 

Evaluation tests were performed on a sol id  state i t - o f - l i m l t s  detector 
which has specifications campatible with the  temperature l imiting philoso- 
phy of t he  uranium swelling program. The device, manufactured by Daystran 
Inc. as the "hkgsense", is capable of continuously monitoring a thermo- 
couple and initiating an out-of-linits alarm when an adjustable setpoint 
is exceeded. 
of f l0C at constant ambient temperature and a repeatabil i ty of k 2cC Over 
an ambient tenperature range of 20% t o  60%. 

A d i f f e ren t i a l  a m p l i f i e r  w a s  designed which w i l l  detect  the error signal 
i n  the  uranium swelling program temperature control loop and i n i t i a t e  data 
logging when the  error exceeds an adjustable setpoint. 
assure logging of any out-of-limits data. 

Specifications were written f o r  s i l i con  controlled r e c t i f i e r s  which w i l l  
be used i n  place of the magnetic amplifier-saturable reactor units in the 
uranium swelling program temperature control system. The SCR's w i l l  pro- 
vide higher power capabili t ies,  be t te r  l inear i ty ,  and f a s t e r  response time 

- 

Preliminary test data indicate the device has a repeatabil i ty 

The device w i l l  
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without a sacr i f ice  i n  r e l i ab i l i t y .  
system aaalysis d e  easier.  
developed and t h e , c m o n e n t s  have been ordered. 

Specifications for a l i n e  voltage recorder and a pyrameter potentiometer 
were writ ten f o r  Physical Metallurgy Operation. 

In addition, space will be saved and 
Atr iggering c i rcu i t  fo r  the SCR's has been 

Advice was rendered Reactor Metals Research Operation on procedures and 
ha,rdware fo r  measurement of the response time of .a system used t o  measure 
the internal energy of irradiated metals. 

Advice was rendered mwsical Metallurgy Operation on the hardware require- 
ments of an Oven temperature control system. 

A c i rcu i t  was designed and built which w i l l  a l l o w  two creep capsule mlcro- 
positioners t o  be controlled and read out by the sane d i g i t a l  control de- 
vice now on l i n e  a t  1OO-Kw. 

Construction of the creep program 96 point data logger is contlnulng and 
sane debugging w a s  s tar ted th i s  month. 
w i l l  be campleted w i t h i n  two months. 

It is  expected that the system 

The 333 Bullding autoclave temperature control system is being al tered t o  
control the temperature from only one thermocouple instead of from an 
average of a number of thermocouples. 
t o  determine the effect of the  change. 
with favorable resu l t s  w i l l  lead t o  all systems being changed accordingly. 

A t e s t  i s  planned on an autoclave 
'* Successful completion of the t e s t  

Work on the eddy current PRTR fue l  element vibration anslyzer is contlnu- 
lng on schedule. Fabrication of the six-channel electronic instrumenta- 
t i o n  is approximately 30$ complete. 
revealed the need for  changes in the procedures with which the fuel ele- 
ments are assembled i n  order t o  eliminate chipping of the qyartz co i l  
forms. 

Vibration tes t ing  of the  sensing coi ls  

A special request t o  t e s t  some 1/4" O.D. x .049" wall Inconel tubing 
samples prior t o  shipment for offs i te  fatigue tes t ing  was received from 
NRD. 
t es te r .  
t ion,  EN). 

The material supplied was eddy &rent tested using the  Model 1003 
Five iaaples were selected and submitted t o  Bocess Design Opera- 

An investigation i s  being conducted to evaluate the poss ib i l i ty  of using 
a Model C Cyclograph eddy current t e s t e r  as a production l i n e  too l  for  
classifying Fuel elements with respect t o  gross differences i n  grain s ize  

. .  

I 1 0 3 3 2 0  



. 

B-3i 

and/or heat treatment. 
t i o n  nature and no def ini te  conclusions have been reached. 

This work t o  date has been largely of an investiga- 

-4t t he  request of Chemical Development Operation, HL, nondestructive 
methods of measuring the w a l l  thickness of waste calcination storage tanks 
are being investigated. A study was conducted t o  evaluate the f eas ib i l i t y  
of applying several conventional nodestruct ive techniques t o  t h i s  problem. 
Since the measurements mst be made remotely i n  an extremely high radiation 
field, re l iab le  inspection methods w i l l  be rewired.  
of several possible approaches t o  t h i s  problem were evaluated and a memo 
outlining the resu l t s  of the study was submitted t o  the  customer. 

The re la t ive  merits 

Ins ta l la t ion  of the ultrasonic plutonium t e s t e r  i n  a hood was completed 
f o r  Plutonium Metallurgy Development, EL. 
w a s  initiated.. Due t o  the high attenuation losses, the planned 15 mega- 
cycle t e s t  frequency was lowered t o  f ive  megacycles. 
16 mil voids located from 20 mils t o  90 mils beluw the surface a t  the lawe- 
frequency. 
due t o  surface raugfiness from those due t o  defects. 
t o  install  additional logic c i rcu i t s  which w i l l  blank out these rough 
areas. 

A methcd of attaining higher resolution with standard ultrasonic crystals  
was attained. 
creased frequency, a careful choice of coupling medium can be used t o  
f i l t e r  out high freqyencies. 
broadband excitation, an oil coupling mediun was u e d  t o  f i l t e r  out the 
high frequencies, thus producing very def ini t ive l o w  frequency return 
informat ion. 

Methods of coupling ultrasonic energy in to  specimens fo r  tens i le  measure- 
ments at elevated temperatures a re  being investigated. 
heat res i s tan t  caupling material, it is hoped these measurements can be 
made with staindard crystals.  
uation and a l so  good heat insulation properties, i t s  use is being eval- 
uated. 
with the use of quar tz  coupling rods. Continuing attempts w i l l  be d e  
t o  design optimum coupling rod designs i n  order t o  reduce interfer ing 
reflections which occur within the qu&z. 

Testing of plutonium specimens 

The t e s t e r  w i l l  detect 

Rough specimen surface makes it d i f f i c u l t  t o  separate signals 
A-esent plans are 

Since ultrasonic attenuation increases rapidly w i t h  in- 

By using a high frequency crystal  a d  

By using a suitabla, 

Since quartz has very lar ultrasonic atten- 

Longitudinal and shear veloci t ies  have been measured i n  specimens 

A paper tape punch readout system for  recording t ens i l e  machine data has 
been installed and made operational i n  326 Building. Specifications have 
been prepared for  a shi lar  system t o  be used by Fuels Development Opera- 
t ion,  BL. 
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-Assistance was provided Chemical Development Operation, HL, i n  scoping code 
t ranslat ion requirements f o r  a binary d ig i t a l  transducer. 

.;cfisultations were held with Quality Control Operation, IPD, regarding 
ct d ig i t a l  data logging system fo r  the fuel  production f a c i l i t y .  

A t  the request of Reactor Materials Research, EL, develupment work has 
been in i t ia ted  on a device which is t o  autoanatically exaznlne p h o t d c r o -  
graphs and readout grain size, pore dis t r ibut ion and crack length informa- 
t ion.  

Optics 

The Electrical  Readout Traverse Mechanism WEE calibrated i n  a full length 
reactor process tube of known distor t ion at  189-D Building by t a k h g  38 
traverse readings at one foot intervals along the length of the  tube. The 
l eas t  squares f i t s  of the data were good t o  0.080 inch; averaging readings 
fo r  all t e s t  runs resulted i n  a m a x h u n  error  of l e s s  than 3/8 inch, 

During the four week period (March 17 t o  April 14)  included i n  this report, 
a t o t a l  of 472 manhours shop work was performed. The work included: 

1. 

2. 
3. 
.4 
5. 
6 ,  
7. 

8. 
9. 

10. 

L1. 
12. 

13 

Assembly of four quarter-wave retardation plates  fo r  Materials mi- 
neering, =. 
Repair of two crane periscope heads for  -ex. 
Servicing of one slave crane periscope for &ex, 
Fabrication of 18 mirrors and eyepiece guards for  Materials Rgineering. 
Modification of the eyepiece of the PRTR Profllcpeter. 
Fabrication of 50 pyrex welding shields fo r  NPR. 
Fabrication of glass absorption standards for  Separations Chemistry 
Laboratory, CPP.  
Fabrication of a weld inspection microscope fo r  NPR m e l s  fabrication. 
Fabricationof several components of ultrasonic probes fo r  Physical 
Measurement s . 
Evaporstion of cobalt t o  form twelve nuclear targets  f o r  Nucleonic 
Iast rument at 1 on . 
Modification of a borescope camera fo r  Testing Methods, NPR. 
Fabrication of s i x  t h i n  sc in t i l l a t i on  glasses for  h o c e s s  Control 
Development, HL. 
Fabrication of a lead sulphide radiometer. 

physical Test- 

Testing services continued t o  increase during the month. 
ponents and two AEC contractors requested a t o t a l  of 23,767 t e s t s ,  nearly 

Thirty HAHI com- 

DECLASSIFIED 
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Assistance was provided IPD i n  the  elimination of a major Zircaloy-2 
process tube cracking problem. 
on the  process tube ends pr ior  t o  the i r  use. 
pr ior  t o  reactor ins ta l la t ion  and the  other end flanged after installa- 
t ion.  In practice, however, it was necessary t o  re jec t  up t o  f i f ty  per- 
cent o f t h e  pre-installation flanges because of severe cracking that 
occurred as the  tube ends were flared. 
t o  be s m a l l  internal  surface scratches which were acting as s t ress  r i se rs .  
A method of removing the scratches by dry  honing the  inside surface with 
a controlled g r i t  blasting process was developed, demonstrated and incor- 
porated as a regular step i n  the tube preparation process. Results have 
shown the technique t o  have v i r tua l ly  eliminated the problem. 

Twenty percent of seventy-two Zircaloy-2 tubes, 0.422 inch O.D. by 0.020 
in .  w a l l ,  were rejected with ultrasonic response amplitudes equal or exceed- 
ing the  0.001 inch deep standard notch amplitude. .These tubes were prev- 
iously eddy current tes ted  at  Argonne National Laboratory, where eight 
percent were designated as rejects .  
surface indications have ver i f ied the ultrasonic test  data. Further corre- 
l a t i o n  and metallographical exanination of the  ultrasonic indications are 
i n  progress. 

It i s  necessaryto form Vanstone flanges 
Normally one end is  flanged 

The cause was correctly diagnosed 

Measurements of several  re jec ts  on O.D. 

Physical Testing Operation provided ultrasonic qualification tubes per 
INS-34.4, "Specification for  Ultrasonic Testing of Seamless and Welded 
Tubing," f o r  cer t i f ica t ion  of vendor equipment t o  t e s t  t he  titanium heat 
exchanger tubing fo r  the Hanford Laboratory calcinator f a c i l i t y .  
machined notches were fabricated i n  both 1 inch O.D. by 0.G65 inch thick 
w a l l  and 0.75 inch O.D. by 0,065 inch thick w a l l  ti'tanium tubes. 
side and inside surface notch dimensions were measured by replication tech- 
niques and t he  ultrasonic response from each notch measured. 

Electro- 

The out- 

The f i e l d  unit ac t iv i t i e s  f o r  the  month of April include magnetic par t ic le  
and fluorescent penetrant examination for  incipient failure detection of 
purap shaft couplings, overbore fuel  element nozzles, t ru-arc  retaining 
rings, rear-face crossheaders, Parker fittings, and ver t i ca l  r i s e r s  on the 
lo5 reactors. Radiography fo r  weld in tegr i ty  and code compliance was con- 
ducted an the calcinator project fo r  the 324 Building, C - 1  Loop Piping, 
High A.essure Helium Piping, and DeLaval Pump Impellers. Radiography w a s  
also conducted on the  105-N Building Nitrogen System, welds i n  the 165-KE 
and KW Valve Pits, and on the Rupture h o p  i n  PRTR. 
conducted on a crossheader on the  rear  face of 105-C Area t o  delineate the 
areas requiring maintenance or  replacement. Ultrasonic thickness measure- 
ments were conducted on a waste tanker trailer t o  detect  areas of possible 

Stress analysis was 



;j%netration through the tank w a l l s .  

TocMques in radiograpb image emplification and magnification are being 
a",u&iedto reduce sane very def in i te  l imitations in X-ray radiography. 
i% is now possible, with certain image in tens i f ie rs  and magnifiers t o  
;xduce magnification of as much as 12 x on f ine  thermocouples with reso- 
ix t ion  comgarable t o  2s radiography. Neutron radiographic generators are 
beizg studied for  the radiography of bonds and. cladd,ing studies on fue l  
elements without the image interference f r m  the dense uranium encountered 
with convefitianal X-rays. 

Sixty-four memoranda reports were issued detai l ing t e s t  findings. 

AISALOG COMPLFlER FACILITY OPERATION 

Analog ccolputer problems considered during the 

1. PRTR C r i t i c a l  Facil i ty.  
2. NPR Kinetics. 
3. Meteorology Data Handuing. 
4. D Reactor Control. 
5. Task Network Computer. 

reporting period included: 

The cmputer u t i l i za t ion  was as follows: 

GEDA - 
H o u r s  

20 20 HOUS 
40 Hours 30 
0 Hours 0 

Hours 

270 2 52 

- - 
320 320 

vp 
Schdduled D a m  Time 
Unscheduled Down Time 
Idle 

Total  

The u t i l i za t ion  fime given above is based on day ahif% only and. does not 
include swing shift usage. 

The b id  review f o r  the new analog computer was ccmpleted. 
written t o  0. E. Arrchaslng accepting the proposal of the law bidder. 
The purchase order is now in the  process of gett ing necessary approvals. 

A new computer technique of remembering peak transient values was success- 
fully applied this month. The new method is  useful i n  studies where it 
is  necessary t o  define performance c r i t e r i a  of systems as a function of 
one or  mor+ variables. This application i s  important i n  system optimiza- 

A l e t t e r  was 
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t i o n  studies i n  the def ini t ion of parametric effects .  
t i o n  is t o  define peaks NPR t ransients  during scram runs with t r i p  set-  
tings and react ivi ty  input ra tes  as parameters. 

IN- EVALUATION 

Minor c i rcu i t  changes were made on the experimentel so l id  s t a t e  portable 
radiation survey meter t o  improve performance under varying temperature 
conditions. Complete temperature re test ing was star ted.  

Evaluation t e s t s  were s ta r ted  on the prototype sc in t i l l a t i on  solid-state 
beta-gama hand and shoe counter which employs gamma background compensa- 
t i on  circui t ry .  Initial t e s t s  indicate the  standard HAP0 tes t  source of 
2.4 x 104 d/m Ra D-E-F can be detected when the instrument is  in a uniform 
gamma f i e l d  of 1 mr/hr. 
HAP0 beta-gamma hand and shoe counters. 

This is a substantial  improvement mer  the present 

A review was made of line-operated alpha monitor operation i n  the 3Og 
Building. 
s c in t i l l a t i on  probes and Scintran monitors. 
mended that an operator t ra ining program regarding use of the instruments 
be ini t ia ted.  

Purchase specification information w 8 s  supplied t o  Radiation Protection 
Operation for  the  purchase of extra alpha sc in t i l l a t i on  probes for  use 
with the W e 1  I1 Scintrens on plant. 

Recommendations were made t o  improve the performance of the 
In  addition, it was recom- 

(p . P-2’ L 

Manager 
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IRRADIATION PROCESSES 

Ef f luen t  Water Radioisotope S tudies  

m-77397 

Water produced during t h i s  per iod  had a pH oA 606 w,th t h e  alum 
add i t ion  rate var ied  t o  maintain t h e  z e t a  p o t e n t i a l  a t . 0  2 1 mv. 

. The radibnuclTde concent ra t ions  i n  t h e  eff luenf;  water f r o n  t h e s e  
tubes  showed a gradual  decrease during t h i s  per iod  while  t h e  con- 
c e n t r a t i o n  i n  t h e  main r e a c t o r  e f f l u e n t  showed a c h a r a c t e r i s t i c  
annual sp r ing  increase  which, i n  t he  case  of some rad ionucl ides ,  
was as much as a f a c t o r  of  t h ree .  Although t h i s  l a t t e r  increase  
w a s  due i n  p a r t  t o  a reduct ion  i n  t h e  alum feed  rates, t h i s  t e s t  
does show t h a t  with s u i t a b l e  zeta p o t e n t i a l  con t ro l ,  low radio- 
nuc l ide  production and r e l e a s e  t o  t h e  e f f l u e n t  can be maintained 
a t  a pH of  6.6. 

Deionized Water S tudies  

Deionized water was suppl ied  du r i r4  t h i s  per iod  t o  a zirconium 
tube  with.zirconium c l a d  f u e l  elements and an aluminum tube  with 
zirconium c l a d  fuel elements.  I n  t h e  al l -z i rconium system t h e  
rad ionucl ide  concent ra t ions  were very low and slowly decreasing.  
This  probably r ep resen t s  changes from t h e  previous f u e l  elements 
c l a d  wi th  aluminum. I n  t h e  aluminum tube ,  zirconium c l a d  f u e l  
element system, t h e  rad ionucl ides  gene ra l ly  decreased with t h e  
except ion of  Np-239 which increased  s l i g h t l y ,  Background da ta  
ana corros ion  r a t e  . e s t ima tes  from Ila-24, Ga-72 and rfi-65 concen- 
t r a t i o n s  have now been obtained and t h e s e  tubes' w i l l  be  r e fue led  
and tes ts  w i l l  begin with add i t ion  of s i l i c a t e .  

D-Reactor Test  

The Ga-72 concent ra t ions  i n  t h e  e f f l u e n t  water from t h e  two s i d e s  
of t h e  r e a c t o r  i n d i c a t e  a reduct ion  i n  cor ros ion  ra te  on t h e  pH 
6.6 s i d e  of about 20 percent  as compared wi th  t h e  pH 7 s i d e ,  
result is similar t o  t h e  reduct ions  i n  Ga-72 observed i n  o the r  pH 
t e s t a  i n  tubes  a t  t h e  KE-Reactor. 

This  

mi-65 as a Fuel  Jacke t  Corrosion I n d i c a t o r  

The x-8001 aluminum used f o r  f u e l  element j a c k e t s  conta ins  1 percent  
n i c k e l  whi le  t h e  aluminum tubes  con ta in  l e s s  than  0.05 percent  n i cke l .  

1 l O 3 3 2 b  
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This indicates the possibility that the ~i-65 content of reactor 
effiuent water might be a useful measure of the instantaneous 
corrosion rate of the fuel element jackets, Some values to date 
indicate Ni-65 is present at about 5 x 10-6 pc/ml in reactor 
water from a zirconium reactor process tube in KE-Reactor with 
aluminum clad elements. This would indicate a corrosion rate of 
about one-half the two mils per month rate expected. 
investigations are planned to compare the Na-24, Ga-72, Ni-65 values 
as indicators of corrosion rate, 

Further 

Surface Chemistry of Uranium 

The effect of LJO2(N0 )2 content in the desmutting solution was 
studied by EMF measdkments. 
U02(N03)2 at 40 C, the minimum effective desmutting time remains 
at four minutes but the rate cf passivation of the cleaned surface 
is 10 mv/min compared to the rate of 5 mv/min for 8 E HNO with no 
initial U02(N03)2. For the solution 8 E HN03 - 1,O 5 UO ?NO312 
at 40 C the minimum effective desmutting time is somewhag decreased 
and the rate of passivation of the cleaned surface has again 
doubled to a value of 20 mv/min, 

For the solution 8 HN03 - 0,5 E 

The preceding measurements were made on 4 cm long beta heat-treated 
uranium cylinders obtained by rolling an ingot uranium fuel element 
to 0.'8 cm diameter. 
ment technique to whole fuel elements the ETlF in 0,5 NaClO was 

minimum effective desmutting time for an 8-inch I & 3 fuel element 
anodically etched in 5.4 M H3P04 - 0,29 N H C l  is about three minutes 
and the rate of passivati& of the cleanFd surface is 15 mv/min. 
A 1/40th segment of a fuel element (similar in sutface area to the 
0.8 cm diameter cylindrical uranium specimen) exhibits the same 
minimum effective desmutting time and rate of passivation as a 
whole slug. Thus the ENF'measurements in 0,5 NaCIOq c a n  indeed 
be applied to whole slugs as well as small pieces of uranium, 

To determine the applicability of this measure- 

measured as a function of desmutting time in 8 ; HNO at 40 8 , The 

Release Studies 

Tests on'the release of Po-210 from aluminum-clad, irradiated bismuth 
have shown that: (1) at 1300 C in an air atmosphere, the release 
apparently is linear over the first hour at a rate of 0,3 percent 
per minute; ( 2 )  oxidation is the major release-controlling mechanism 
for conditions mentioned in (1) as indicated by the release rate 
in a helium atmosphere of 0,02 percent per minute compared to 0.3 
percent per minute in air; and ( 3 )  the 8 , 5  and 59 percent Po-210 
releases from aluminum-clad and unclad bismuth specimens in 30 
minutes highlight the effect of cladding on release parameters. 

* .  
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SEPARATIONS PROCESSES 

Disposal t o  Ground 

The 216-2-9 (Recuplex) crib-bottom. c o r e - s a p l i n g  w a s  concluded t h i s  
month. Six-foot cores  were obtained a t  seven l o c a t i o n s ,  and an 
8-foot core  w a s  ob ta ined  from an e igh th  s i t e ,  
b a r r e l s  and a l l i ed  equipment performed s a t i s f a c t o r i l y ,  and core  
recovery was b e t t e r  t han  75 percent .  
analyzed by t h e  Redox Analy t ica l  Operation t o  determine the plutonium 
d i s t r i b u t i o n  i n  t h e  sediments underlying t h e  c r i b  bottom, 
c a t i o n  and need f o r  a d d i t i o n a l  samples is dependent upon t h e  
a n a l y t i c a l  f ind ings .  

The drive-type core  

These s o i l  samples are being 

Jus t i f i -  

The concent ra t ion  of  gross  be ta -emi t te rs  i n  t h e  ground water beneath 
t h e  216-~-10 Purex process  condensate c r i b  reached a h igh  of  7 x 10-3 
uc/cc t h i s  month. I so top ic  analyses  of t h e  gro  d water samples 
showed a maximum Sr-90 concent ra t ion  of  3 x 10-ruc/cc, which i s  
less than  t h e  recommended m a x i m u m  ground-water limit, 1 x 10-7 DC 
Sr-gO/cc. 
pc Sr-gO/cc, it does not  appear l i k e l y  t h a t  t h e  ground water l i m i t  
w i l l  be exceeded i n  t h e  near  f u t u r e ;  however, a d d i t i o n a l  decontamina- 
t i o n  of  Sr-90 from t h e  waste i s  d e s i r a b l e ,  S o i l  column tes ts  a r e  
scheduled t o  eva lua te  t h e  decontamination b e n e f i t s  and prolonged 
c r i b  l i f e  which might result by adding c a u s t i c  t o  t h e  c r i b  i n f l u e n t .  

Analy t ica l  r e s u l t s  from s e v e r a l  w e l l s  near  t he  Columbia River and nor th  
of the 300 Area show d e t e c t a b l e  tritium concent ra t ions ,  > 1 x 
pc/cc. 
t a i n e d  tritium a t  a concent ra t ion  of  2 x 10-5 uc/cc. 
i n d i c a t i o n  of v e r t i c a l  flow wi th in  t h e  w e l l ,  This  suppor ts  t h e  
ear l ier  evidence t h a t  ground-water contaminanats a r e  not  moving 
s i g n i f i c a n t l y  more r a p i d l y  i n  t h e  confined s t r a t a  o r e r l y i n g  t h e  
b a s a l t  (prev ious ly  noted i n  Well 6 9 9 - 2 0 ~ ~ 1 2 )  than  in t h e  unconfined 
ground-water zone. 

Based on r e c e n t  analyses  of c r i b  i n f l u e n t  samples, 1-2 x 10-7 

One wel l  f o u r  miles nor th  of t h e  300 Area, 699-S3=E12, con- 
There i s  no 

Plutonium Electrowinninq 

A series of experiments have been s t a r t e d  t o  t r y  t o  c o r r e l a t e  var ious  
parameters present  i n  t h e  plutonium electrowinning c e l l  wi th  cu r ren t  
e f f i c i e n c y  and t h e  appearance and e x t e n t  of extraneous phases. 
parameters of  i n t e r e s t  include:  cathode and anode c u r r e n t  dens i ty ;  
c e l l  geometry, as expressed by t h e  anode t o  cathode spacing;  tempera- 
ture; concent ra t ion  of t h e  PuCl 

The 

s o l u t e ;  end the  e f f e c t  of impur i t i e s ,  
i n  p a r t i c u l a r ,  oxide ion. 3 

. .  
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The c e l l  i t se l f  i s  composed of a g raph i t e  c ruc ib l e  which i s  used 
simply as a conta iner ,  a small A120 c r u c i b l e  which i s  used t o  hold 
t h e  plutonium meta l ca thode  and t o  a e f i n e  t h e  su r face  area of t h e  
cathode, and a c y l i n d r i c a l  anode, made up of a s o l i d  p i ece  of 1-1/2 
inch  g raph i t e  b a r  s tock,  which is  pos i t ioned  d i r e c t l y  over t h e  
cathode pool,  
and lowered, thereby varying t h e  anode-cathode spacing. 

The anode i s  made i n  such a way t h a t  it can be r a i s e d  

Equimolar L iC1-KC1 conta in ing  about 30 weight percent  PuCl 
d i t i oned  p r i o r  t o  t h e  e l e c t r o l y s i s  by sparging t h e  melt, cantained 
i n  a g raph i t e  c ruc ib l e ,  with ch lor ine  f o r  about s i x  hours a t  a 
temperature of 550 - 600 C. The charge i s  melted under a ch lo r ine  
atmosphere and a ch lor ine  sweep is  kept  over  t h e  melt  during the  
e l e c t r o l y s i s .  

is con- 

I n  t h e  f irst  series of runs t h e  e f f e c t  o f  cathode cu r ren t  dens i ty  
was inves t iga t ed .  
at higher  cu r ren t  d e n s i t i e s  accompanied by a lessening  and f i n a l l y  
a disappearance of extraneous phases. 
cannot be  made u n t i l  more experimental  work ha9 been completed. 
It might be added t h a t  it was poss ib l e  t o  d i s t i n g u i s h  t h e  deposi ted 
m e t a l  from t h e  parent  cathode pool because t h e  former w a s  deposi ted 
on t h e  cathode i n  t h e  form of small nodules. 
nodules adheed very w e l l  t o  one another  and t o  t h e  parent  metal. 

A marked increase  in cur ren t  e f f i c i e n c y  i s  noted 

An expianat ion f o r  t h i s  

I n  s p i t e  of t h i s  t h e  

S o l i d  S t a t e  E l e c t r o l y s i s  of  Uranium 

A 50-hour uranium e l e c t r o l y s i s  run was completed, 
of t h e  run,  t h e  specimen was c u t  i n t o  one cm segments which were 
weighed, ox id ized  t o  U 0 and analyzed spec t rographica l ly .  Quanti-  
t a t i v e  ana lyses  f o r  Ni! !i and Fe ind ica t ed  no de tec t ab le  migrat ion 
of  t h e s e  impur i t ies .  
and Mn i nd ica t ed  no s i g n i f i c a n t  migrat ion of  these elements. 

A t  t h e  conclusion 

I n  addi t ion ,  q u a l i t a t i v e  ana lyses  f o r  A l ,  Cu 

These r e s u l t s  are i n  agreement with prel iminary r e s u l t s  on uranium 
obtained by”T.A. Henrie ( p r i v a t e  communication) and with pred ic t ions  
derived from rad ius - r a t io  cons idera t ions .  I n  genera l ,  t h e  data do 
not  i n d i c a t e  t h a t  t h e  a c t i n i d e  elements w i l l  behave s i m i l a r l y  t o  
t h e  lan thanides .  
of cons iderable  i n t e r e s t  because of t he  unique and p o t e n t i a l l y  
favorable  p r o p e r t i e s  of  t h e  plutonium metal system. 

However, t h e  s p e c i f i c  case  of plutonium remains 

. LoadinR of Plutonium on Oxalate-Supernate Colunn 234-5 Bui ld ing  

The reasons for high loadings of plut.onium obtained on one column 
in t h e  oxa la t e  supernate  anion exchange f a c i l i t y  i n  234-5 were 

I 1 0 3 3 2 9  
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mw 
determined. 
with be t t e r  than normal kinetics was being wed. 
50 percent breakthrough) of 106 g Pu/l  was obtained under con- 
di t ions where about 75 g Pu/l  would have been expected with 
e a r l i e r  resin batches. The product concentration was a l s o  above 
normal with an average of 62 g/l fo r  the en t i r e  product vsO 58 g / l  
fo r  the  m a x i m  cut on previous res in  batches. 
t h i s  batch of res in  i s  probably somewhat lower i n  cross-linkage 
than previous batches and allows improved loading kinetics,  

The resu l t s  show t h a t  a batch of res in  (Pernutit  SK) 
A loading ( t o  

It would appear tha t  

WASTE'MANAGEMENT AND FISSION.PRODUCT RECOVERY 

m u m  from 
h e x  1WW Solution 

F b e x  plant 1 W W  solution, produced in  March 1963, w a s  made 0.02 E 
i n  hydrazine and allowed t o  stand 30 minutes a t  25 C. 
sequent batch contact of the solution with an equal volume of 0,3 
M TLA-SoItrol,.98-99 percent of the plutonium and 87-89 percent of 
the neptunium were extracted. 
neptunium and plutonium was stripped on contact of the organic 
with an equal volume of Oelg oxalic acid,  These resu l t s  compare 
favorably with resu l t s  obtained i n  similar studies with simulated 
solutions. Analytical data t o  define decontamination are  not yet  
available. Gelatinous sol ids  present i n  the plant 1 W W  did not 
impair plutonium and neptunium extraction behavior o r  produce dis- 
persion and disengaging problems. 

In a sub- 

About 80 percent of the extracted 

In studies t o  determine e f fec ts  of TLA i n  Purex plant solvent,, 
tracer-level m i n i a t u r e  mixer s e t t l e r  runs simulating the Purex HA 
and HS columns were completed. Uranium and plutonium losses were 
not affected by the presence of up t o  f ive  volume percent T U  i n  
the extractant,  Gross gamma decontamination was not affected by 
up t o  one volume percent T U  i n  the solvent but was s ignif icant ly  
decreased at higher TLA concentrations. 

Another t e r t i a r y  amine (Adogen 364, a proauct of Archer-Daniels- 
Midland, containing 60 percent eight-carbon chains and LO percent 
ten-carbon chains) w a s  tes ted,  Third phase formation occurred 
when 0.1 - O;6 M'didogen 364 - Sol t ro l  solutions were contacted 
with simulated &rex 1WW solution. 

. _  

CSREX Extraction Mechanism 

Use of nuclear magnetic resonance (MYIR) measurements t o  study 
the synergistic reaction which r e su l t s  i n  the  extraction of 
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cesium at  low pH by BAM3P-D2MPA mixtures was undertaken during t h e  
month, wi th  very promising r e s u l t s .  Prel iminary i n d i c a t i o n  is  t h a t  
t h e  BAMBP (probably four moles per  mole of cesium) solvates t h e  
cesium and t h a t  t h e  D2EHPA then  e x t r a c t s  t h e  so lva ted  spec ies .  I n  
t h e  absence of BUBP, cesium ex t r ac t ion  i n t o  D2MPA is accompanied 
by several moles of  water. In t h e  presence of  BAMBP, l i t t l e  o r  
no water i s  ext rac ted .  
o f  BAMBP is the  e x t r a c t a n t ,  b u t  a high pH is requi red  t o  ion ize  
t h e  BAMBP - and hence i s  requi red  f o r  t h e  e x t r a c t i o n  - whereas 
D2EHPA is ionized ,  and hence e f f e c t i v e ,  a t  low pH. 

In a BAI4BP-only system, a f i f t h  molecule 

CSRM Process - Laboratory S tudies  

Fur ther  t r a c e r - l e v e l  mixe r - se t t l e r  runs were made wi th  simulated 
feed  t o  t e s t  Flowsheet No, 2 condi t ions f o r  e x t r a c t i o n  of  cesium, 
s t ront ium and r a r e  e a r t h s  from Purex FTW. Under e x t r a c t i o n  column 
condi t ions ,  decontamination f a c t o r s  f o r  i r o n  and chromium were 34 
and > 480 re spec t ive ly ,  i n  good agreement wi th  e a r l i e r  d a t a  under 
Flowsheet Xo. 1 condi t ions .  Yttrium loss under e x t r a c t i o n  column 
condi t ions  was about seven percent ;  y t t r i um decoctamination f a c t o r  
i n  t h e  p a r t i t i o n  colwnn was 340. 
y t t r ium s t r i p p e d  under s t r i p  column condi t ions ,  

Less than  one percent  of t h e  

Batch con tac t  s tud ie s  of means f o r  removing y t t r ium from t h e  D2EHPA- 
BAMBP-Soltrol so lvent  were made., 
(DF of 2000 t o  3000) was a t t a i n e d  by con tac t  of t h e  so lvent  (la) 
with  an  equal  volume of 1-3 M sodium hydroxide o r  Oelg NaOH - 
0.1 complexing agent (DTPAT EDTA, e t c , )  so lu t ion ,  Oxalic ac id  
wastes removed l i t t l e  o r  no y t t r ium,  Third phase formation occurred 
when t h e  so lvent  was contac ted  with 5 

Most e f f e c t i v e  yttrium removal 

sodium hydqoxide. 

When CSREX so lvent  i s  contac ted  w i t h  an aqueous phase conta in ing  
n i t r i t e ,  t h e  so lvent  darkens and cesium e x t r a c t i n g  capac i ty  de- 
creases .  I n  equal  volume con tac t s  between so lvent  and s imulated 
CSREX feed  (pH 4.5) conta in ing  added n i t r i t e ,  3-b BAMBP molecules 
were i n a c t i v a t e d  (wi th  r e spec t  t o  cesium e x t r a c t i o n )  p e r  n i t r i t e  
i n i t i a l l y  present  i n  t h e  aqueous phase. There i s  some evidence 
t h a t  a minimum n i t r i t e  concent ra t ion  i n  the  system e x i s t s  below 
which BAMBP deac t iva t ion  does not  occurs  

Another type  o f  n i t r i t e  r eac t ion ,  an apparent ly  a u t o c a t a l y t i c  
r eac t ion  i n  w h i c k t h e  cesium e x t r a c t i n g  capac i ty  of t h e  so lvent  
is  almost completely destroyed,  can occur when t h e  so lvent  i s  
i n  contac t  wi th  n i t r i c  a c i d ,  Incidence of  t h i s  t ype  r eac t ion  i s  
a func t ion  of  aqueous n i t r i c  ac id  concent ra t ion  and temperature 
of t h e  system. It  was observed a t  n i t r i c  a c i d  concent ra t ions  as 

s Oi9 M when t h e  system w a s  a t  50 C. - 
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CSREX Process - Engineering Studies 

Two flowsheet concepts designed t o  maximize the  extraction of cerium 
and other rare earths were successfully demonstrated during the 
month. The f irst  involved operation of the 1 A  column a t  45-50 C. 
To permit adequate cesium recovery at  t h i s  temperature, the BAMBP 
concentration of the solvent was adjusted t o  a nominal 0.8 (2. 
previous 0.3 E)  and the 1 B  column temperature was increased t o  
45-50 C. The second flowsheet simply substi tuted 0.185 t a r t r a t e  
fo r  the normal 0.135 E c i t r a t e  - 0.05';tartrate complexing agent 
i n  the  1A feed. 
nominal 0.3 fi BAMBP i n  the solvent. All runs were made i n  3-inch 
diameter glass pulse columns operated i n  cascade with cartridge 
heights of nine t o  ten feet .  The feed flow ra t e  was 0.5 l i t e r /  
minute; the nominal flow ra t io s  for  the system were lAF/M/lAS/ 
lBX/lCS = 1 /2 /0e4 /106 /~  4 

- -  

It operated a t  ambient temperature and with a 

Highlight resu l t s  of these runs are  as follows: 

1. Cesium extraction is  affected adversely by increases i n  tempera- 
t u re  when using 0.3 EBAMBP, but can be brought back in to  l i ne  
at the higher temperature by increasing the BAMBP concentration 
t o  0.8 - M. 

2. Cerium losses are  decreased t o  two t o  four percent by operating 
a t  the higher temperatures. 

3. Strontium recovery i s  not seriously affected by the higher 
extraction temperatures a 

4. Strontium and cesium recovery i n  t h e  1B column i s  greatly 
improved by elevated temperatures. 

Changing from mixed c i t ra te - ta r t ra te  feed complexants t o  
tartrate-only reduced l A W  cerium losses from 23 percent t o  
three percent a t  25 C and 0.3 M BAMBP solvent. However, t h e  
lower complexing a b i l i t y  of thy t a r t r a t e  ion may present some 
problems. For example, the f e r r i c  ion concentration i n  the  
solvent increased from 0.18 g/l using a heated c i t ra te -  
tartrate flowsheet t o  0.28 g / l  using the tartrate-only flow- 
sheet. 
No effort was made i n  any of . the  runs t o  remove i ron  from the  
solvent; the  indicated losses were obtained despite the iron 
loading. 

5 .  

Zirconium extraction i s  a l so  expected t o  increase. 

6. Cerium losses i n  1C column typically-anged from four t o  ten 
percent. 

I 1 0 3 3 3 2  
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The solvent used in t h e s e  tests w a s  p a r t i a l l y  degraded from 
r e a c t i o n  with n i t r i t e  ion, as repor ted  last month. 
observed adverse e f f e c t  o f  t he  degradat ion product (an estimated 
0.2 &) was i t s  extremely dark co lor  which i n t e r f e r e d  with column 
observat ions 
f looding  frequencies  at the  ind ica t ed  flow rates were i n  t h e  range 
of 60 t o  90 cycles/min., 1 i n ,  ampli tude) ,  

The only 

All thre 'e columns had excess capac i ty  ( t y p i c a l  

Adsorption of Trace Components by Sol ids  i n  Purex FTW 

Simulated Purex FTW s l u r r i e s  were prepared by concentrat ion and 
formaldehyde t reatment  of so lu t ions  represent ing  cu r ren t  feed t o  
t he  Purex waste concent ra tor ,  
components of  i n t e r e s t  i n  t he  waste management and f i s s i o n  product 
recovery programs. 
s t ront ium, cerium, cesium, neptunium, and plutonium, respec t ive ly ,  
were present  on t h e  s i x  volume percent  of s o l i d s  present  a f t e r  
formaldehyde treatment.  The data f o r  s t ront ium, cerium and cesium 
are i n  fa i r  agreement w i t h  da t a  obtained on p l an t  materials (personal  
communication, S. J. Beard),  
ac id ,  sodium hydroxide,  c i t r a t e ,  t a r t ra te ,  and EDTA) are being 
evaluated f o r  removing t h e  adsorbed elements from t h e  so l id s .  

These were t r a c e d  with var ious 

About 35, 8 5 ,  11, 40 and 65 per  cent  of t h e  

Several  l eaching  reagents  (water, n i t r i c  

Cesium Removal from A l k a l i n e  Supernates 

.Addi t iona l  s t u d i e s  were made on t h e  flowsheet f o r  removal of 
cesium from a l k a l i n e  supernatant  wastes, 
which t h e  w a s t e  w a s  spiked with Na-22 i n d i c a t e  there  is e s s e n t i a l l y  
no d i f f e rence  i n  t h e  amount of sodium removal p e r  u n i t  volume of 
scrub f o r  f l o w  rates of one t o  e ight  column volumes per hour, .With 
Duol i te  C-3 or c l i n o p t i l o l i t e ,  99 percent  of t h e  sodium was 
removed by seven column volumes of 0.2 ( N E 4 ) 2 C 0  However, 
with Linde AW-400 and AW-500, only 91 t o  95 percea t  of  t h e  sodium 
was removed readily w i t h  t he  rest being removed slowly and p a r t l y  
i n  t he  e lua t e .  
e l u a t e  w i t h  c l i n o p t i l o l i t e ,  
sa& b inde r  bu t  
t h e  rodium holdup i s  i n  t h e  binder.  
t o  obtain AW-400 with  a more s u i t a b l e  binder .  

Data from column runs i n  

This accounts f o r  t h e  lower Na/Cs r a t i o s  i n  t h e  
Since AW-400 and AW-500 have t h e  

otherwise are not similar, it i s  suspected t h a t  
Negot ia t ions are i n  progress  

Zeolite Loading Estimates 

I n  order  t o  obta in  r e l i a b l e  es t imates  of cesium o r  s t ront ium loadings 
on z e o l i t e s  from binary  ion  exchange data, it i s  necessary i n  some 
cases  t o  use t h e  a c t i v i t y  c o e f f i c i e n t  r a t i o  of t h e  major accompanying 
c a t i o n  t o  t h e  cesium ion  o r  s t ront ium i o n o  An example of t h i s  w a s  
found when using b ina ry  ion  exchange data, determined w i t h  ch lor ide  

D ECLASS I F 1 ED 
I 1 0 3 3 3 3  
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solutions,  t o  predict cesium loadings on AW-400 
'cr, 
fo 
=6 

a sodium' carbonate solution containing cesium. 
of sodium carbonate 1s about half t ha t  of sodium chloride i n  a 
li Na* solution, and resu l t s  i n  significantly higher cesium 
loadings from carbonate solutions. 
t o  be used fo r  predicting Cs' o r  Sr++ loadings on zeol i tes  are  

ra t ios .  

The, ac t iv i ty  

All binary ion exchange data 
- 

being calculated i n  terms of ac t iv i ty  r a t io s  ra ther  than equivalent 

Since the solution concentrations involved are  beyond the 
. range of t h e  c lass ical  D&bye-Kiickel treatment, Glueckauf 's equation 
(Nature, 1949, I&, 414)  was used t o  calculate ac t iv i ty  coefficient 
ra t ios .  
equation-where the valence of t h e  two cations is the same. Three 
cases are of interest :  
univalent anion; (2 )  two univalent cations w i t h  a common divalent 
anion and ( 3 )  two divalent cations with a common univalent anion. 

Simplified equations can be derived from Glueckauf's 

(1) two univalent catioas wi th  a common 

The first case i s  given by Barrer and Sammon (Journ, c h e m .  SOC. - London, 1955, p. 2838-28491, i.e. 

The following equations were 

fBs fBX 

derived for  cases 2 and 3. 

f A  3/4 fA 3 /2 
A =  fBS [z] and fBS 

where f A s  and fg, are  the rat ional  ac t iv i ty  coefficients of cations 
A and B i n  the solution mixture, and (fa), ($A 

the pure solutes i n  solution. 

1, (f,qx2), ( f ~ x ) ;  
( f g s ) ,  and (fBX2) are t h e  mean ra t iona l  ac t iv i  zx y coefficients f o r  

Where the cations differed i n  valence no simplified equations could 
be derived; however, the ac t iv i ty  coefficient r a t i o  of t h e  two ions 
can be calculated from Glueckauf's equation. 

Storrec of Cesium and Strontium on Zeolites 

Objectives of the planned hot-cell tests of the  Hanford Waste Manage- 
ment storage concept were described l a s t  month. A f u l l  level  
&Cell demonstration experiment wi th  one mole (7500 curies) of Hot 
Semiworks strontium-90 was in i t i a t ed  during the current month, w i t h  

I 1 0 3 3 3 4  
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t h e  pe r iod  of observat ion of t h e  loaded bed cont inuing  a t  month end. 
Although poss ib le  de f i c i enc ie s  may ex is t  i n  t h e  proposed flowsheet 
for loading the  c a r t r i d g e ,  no r a d i o l y t i c  decomposition was observed 
and the r e s u l t s  were genera l ly  favorable ,  

The first attempt t o  load  t h e  bed was wi th  a syn the t i c  Waste Manage- 
ment feed  prepared from p u r i f i e d  Semiworks strontium-90, Chemical 
composition of t h e  feed  was: 
and 0.005 
t o  prevent  y t t r ium loading (which would cause a “hot  spot”  i n  a 
full-size ca r t r idge , )  
volumes per  hour a t  a temperature o f  80 C, 
of the s t ront ium (bu t  h a l f  o f  t h e  y t t r ium)  loaded. 
a t tempt  was made with t h e  same feed  (after r ead jus t ing  t o  pH 5) .  
Little or no add i t iona l  loading occurred. A t h i r d  pass  was made 
a t  a reduced flow ra te  of s i x  column volumes pe r  hour which gave 
an inc rease  of about 15 percent  i n  loading,  A fou r th  pass w i t h  
t he  same e f f l u e n t  b u t  a t  only 1.2 column volumes pe r  hour was much 
more successfu l  and r e s u l t e d  i n  f i n a l  ioading of a l l  but  about 
20 percent  of t h e  i n i t i a l  feed s t ront ium - equivalent  t o  about two 
mi l l i equ iva len t s  of  s t ront ium pe r  gram of zeo l i t e .  V i r tua l ly  a l l  of 
t h e  y t t r ium loaded. Reasons f o r  t h e  poor loading (poss ib ly  due t o  
poor k i n e t i c s  o r  channeling) a r e  being inves t iga t ed  w i t h  a dup l i ca t e  
c a r t r i d g e  and syn the t i c  feed. Either adverse column geometry o r  
p r i o r  heat  treatment of  t he  z e o l i t e  (which had been subjected t o  
temperatures of 500 C i n  Cold Semiworks s t u d i e s  and t o  620 C i n  
hot -ce l l  hea te r  t e s t i n g  p r i o r  t o  loading)  may have been responsible .  

0.035 5 Sr ,  0,2 N a ,  0.01 M Ca, 
c i t r a t e  ad jus ted  t o  pH 5, Purpose of t h e  c i t F a t e  was 

Flow rate during h a d i n g  was 12 column 

A second 
Only about 25 percent  

After loading,  t h e  bed was d r i ed  by hea t ing  t o  400 C and passing 
a i r  a t  a r%te  of one l i t e r  per  minute f o r  four  hours, 
“room a i r  ( e s t i m t e d  r e l a t i v e  humidity about 50 percent )  w a s  used, 
s imula t ing  f a i l u r e  of t h e  gas dryers planned‘for use i n  t h e  plant.. 
The bed was then sea led  and observed f o r  pressure  build-up. None 
occurred in four  days a t  400 C. 
t o  500 C. 
per  square inch was observed, however, t h e  pressure  d i d  not 
i nc rease  f u r t h e r  implying neg l ig ib l e  r a d i o l y s i s ,  
t hen  raised t o  600 C, 
85 psi, and t h e  capsule was vented t o  prevent a further excursion. 
The temperature was dropped ( l o o ) ,  b u t  p re s su r i za t ion  w a s  s t i l l  
dangerously rapid.  
cons tan t ,  pressure has been maintained s ince .  
continuing. 
w a s  not  observed o r  looked f o r ,  in t h e  semiworks s t u d i e s ,  i s  
be l ieved  due t o  sudden release of r e t a ined  r e s i d u a l  water and i s  
not  i ncons i s t en t  with ex t r apo la t ion  of  published isotherm data. 
I n  the drying cycle  and s torage  condi t icns  planned f o r  p l an t  

i c a t i o n ,  t h i s  p re s su r i za t ion  condi t ion  w i l l  not  e x i s t .  

“Moist” 

The temperature was then  raised 
A prompt (gas  l a w )  p ressure  increase  of about two pounds 

Temperature was 
The pressure  immediately increased  t o  over 

Tne temperature was re turned  t o  500 C and a low, 
Observation i s  

line sudden, excessive,  p re s su r i za t ion  a t  600 C - which 

I 1 0 3 3 3 5  
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Spectographic D e t e d n a t i c n  of Strontium and Calcium i n  Ukaniwn 

A s e n s i t i v e  and p rec i se  spectrographic  method w a s  developed f o r  
determining t h e  calcium and s t ront ium content  of incoming Hanford 
fue l  elements. U r a n i u m  is separa ted  from calcium and st ront ium 
by adsorbing t h e  uranium on Dowex-1 r e s i n  from 6 HC1. The 
uranium-free e f f l u e n t  i s  evaporated on copper e l ec t rodes  and 
exc i t ed  by high vol tage  Spark discharge,  
and five p a r t s  of calcium per  mi l l i on  p a r t s  of uranium can be 
determined wi th  a s tandard  devia t ion  of 2 6 percent .  

One p a r t  o f  s t ront ium 

EQUIPMENT AND MATERIALS 

A i r  Pu lser  Control System 

An inst rumentat ign system i s  under development f o r  c o n t r o l l i n g  
pulse  amplitude in t h e  a i r  pu l se r  f o r  t h e  new Plutonium Reclama- 
t i o n  F a c i l i t y .  
from a bi-directionalmeasurement of  l i q u i d  flow i n  the  pulse  
leg.  Three flow neasuring s y s t e m  have been eva lua ted  and t e s t ed :  
a s t ra in  gauge flow t ransducer ,  s t r a i n  gauge d i f f e r e n t i a l  p ressure  
c e l l ,  and a diaphragm-type d i f f e r e n t i a l  p ressure  c e l l .  Based on 
t h e  t e s t  results t o  date the  diaphragm-type D/P ce l1 ,has  t h e  best 
c h a r a c t e r i s t i c s  f o r  incorpora t ion  i n t o  the  closed-loop con t ro l  
system. Advantages of  t h i s  device inc lude  (1) high l e v e l  ou tput ,  
( 2 )  no AC t o  DC conversion requirement, and ( 3 )  no common mode 
problem. A n  averaging empl i f i e r  used wi th  the  D/P c e l l  provides 
an output  s i g n a l  s u i t a b l e  as input  t o  a con t ro l l e r .  

A s i g n a l  r e l a t i n g  t o  pulse  amplitude is  der ived 

S t r e s s  Corrosion Cracking of Wild S t e e l  

The three f e e t  by three f e e t  square welded s m p l e s  be ing  exposed 
t o  simulated Purex s t o r e d  waste ( a l k a l i n e )  were inspec ted  i n  Apri l .  
A weldment f ab r i ca t ed  from ASZ4 A-201 w a s  cracked. The crack 
appeared t o  o r i g i n a t e  i n  a weld r e p a i r  area; t h i s  weld r e p a i r  had 
been made on t h e  sample 67 days before  t h e  inspec t ion .  Two o the r  
A-201 weldments (one as-welded and one w i t h  a weld r e p a i r )  are a l s o  
being exposed i n  t h e  simulated s t o r e d  waste. 
these weldments had been exposed only 1 5  days; n e i t h e r  had cracked. 
The manganese content  of t h e s e  A-201 samples is about 0.4 percent .  
It i r  known tha t  manganese imparts p rope r t i e s  t o  t h e  s t ee l  which 
should reduce the  tendency toward s t r e s s  cracking. A sample of one- 
half-inch-thick A-201 p l a t e  conta in ing  0,gb percent  manganese 
w a s  obtained. 
notched aad stressed samples of t h i s  s t e e l  w i l l  be made t o  deter- 
mine its tendency toward stress cracking and t o  measure t h e  
cathodic  cu r ren t  dens i ty  requi red  t o  prevent  s t r e s s  cracking. 

A t  inspec t ion  t i m e  

Tests on both  large (3' x 3O) weldments and small 

I 1 0 3 3 3 b  
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Cadolinium-Containing S t a i n l e s s  S t e e l  

A 57-pound ingot  of s t a i n l e s s  s tee l  corresponding t o  304-L speci-  
f i c a t i o n s  but containing 1.7 weight percent  gadolinium was 
obtained from t h e  Oregon Meta l lurg ica l  Corporation. 
w i l l  be forged and r o l l e d  t o  3/16-inch sheet p r i o r  t o  me ta l lu rg ica l  
examination and corrosion t e s t i n g .  

The i ngo t  

Anodic Pass iva t ion  

As repor ted  las t  month, t h e  corrosion of 304-L s t a i n l e s s  s t e e l  by 
Zirflex d isso lvent  (W4F-NH NO so lu t ions )  can be i n h i b i t e d  by 
anodic passivat ion.  
m i l l i v o l t s  (-400 t o  -100 MV z. a s tandard  calomel e l ec t rode ) .  
a t tempt  was made t o  maintain t h i s  p o t e n t i a l  through use of 
chemical addi t ives .  
even though t h e  p o t e n t i a l  maintained by Cu(I1) i s  about 100 MV 
more pass ive  than desired.  
of oxidant  wi th  time. 
so lu t ions  has been known f o r  some t i m e ,  b u t  the  mechanism has not.  

The e f b e c h v e  p o t e n t i a l  range i s  about 300 
An 

No agent  was found which i s  supe r io r  t o  Cu(I1) 

The main problem with Cu(I1)  i s  loss 
The i n h i b i t i n g  e f f e c t  o f  Cu(I1) i n  Z i r f l e x  

Corrosion Tests on Rigimesh 304 S t a i n l e s s  Steel  F i l t e r s  

t Samples of as-welded Rigimesh 304 f i l t e r s  were exposed t o  0.25, 
0 . 5 ,  1.0 and 2.0 
days. 
t h r e e  l a y e r s  of material comprising the  f i l t e r ,  
t h a t  t hese  f i l t e rs  are not  s u i t a b l e  f o r  long-term exposure i n  n i t r i c  
a c i d  so lu t ions .  

n i t r i c  a c i d  so lu t ions  a t  about 95 C f o r  84 
All of the  samples showed some loss  or pene t r a t ion  of t h e  

It  w a s  concluded 

Corrosion of Aluminum, 304-L S t a i n l e s s  S t e e l  and Tool S t e e l  i n  
Carbon Tet rachlor ide  

Samples of 6016 aluminum, 304-L s t a i n l e s s  s t e e l  and an "0" type 
- t o o l  s t ee l  were exposed a t  room temperature t o  carbon t e t r a c h l o r i d e  
and carbon t e t r a c h l o r i d e  containing one -rolume percent  added water. 
Only t h e  304-L s t a i n l e s s  s tee l  shows no evidence of cor ros ion  i n  
e i t h e r  medium. 

PROCESS CONTROL AID DEVELOPMENT 

_ -  ;sten 

I n s t a l l a t i o n  of  t h e  plutonium de tec t ion  t e s t  system i n  222-S Building 
was completed and prel iminary ope ra t iona l  tes ts  have been i n i t i a t e d  
using non-radioactive so lu t ions .  Plans f o r  t e s t i n g  an in - l ine  
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scintillating glass alpha counter in the system have been modified 
because of recent experimental information that the present glass, 
obtained from England, lacks resistance to dilute nitric acid 
solutions. 
which should be suitable for service under the anticipated process 
conditions. 

However, a high-silica scintillating glass is made 

Initial plutonium detection tests will be performed using a thin 
(2 mm) sodium iodide crystal with a beryllium window to detect 
the 17 kev plutonium X-rays. In addition, a detector has been 
fabricated using a sodium iodide crystal for detection of 384 kev 
gamma radiation. 

- C-Column Mathematical Model 

. @  

Excellent performance of the experimental C-column was experienced 
during the month; ten runs of the final block of 16 runs were 
completed. 
experimental runso 
mine the within-ruu reproducibility of the organic volume fraction 
estimation, the mid-column photometer estimation of the aqueous 
phase uranium concentration, and the absorptiometer estimation of 
the "total" uranium concentration as a function of distance up 
the column. This information is necessary in order to assign 
weights to the various pieces of data, and to determine the maxi- 
mum deviation within which the mathematical model must fit the 
experimental data and still be statistically significant, 

About 3600 analyses were made on samples from 15 
Two specially-designed runs were made to deter- 

A computer program has been written to obtain initial estimates of 
the mass transfer coefficients and the aqueous back-mixing 
coefficients from the reduced run data. These estimates are to 
be used in the analog and digital determinations to follow. 
estimate for the mass transfer coefficient determined this way 
is fairly good (essentially a determination of the number of trans- 
fer units) but the determination of the back-Eixing coefficient is 
poor because it depends on an estimation of second deriviatives 
and because it is quite small. 
which are used in the subroutine which calculates the uranium 
concentration as a f'unction of distance by means of the model, 
have been reprogrammed to increase their efficiency and speed. 
The subroutine is used several times per iteration by the non- 
linear least squares program, and these table search routines 
are used up to 75 times for each pass through the subroutine. 
The speed of these routines has been increased by 50 to 100 per- 
cent over the original FORTRAN versions. 

The 

Two computer table search routines, 
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REACTOR DEVELOPMEXT - 04 PROGRAM 

PLUTOIJIUM' RECYCLE PROGRAM 

S a l t  Cycle Process 

Stand-In f o r  Plutonium - A rec i r cu l -  
a t i n g  gas  l i f t  was t e s t e d  i n  t h e  2.5 L i C 1 - K C 1  sa l t  ba th  a t  580 C t o  
determine how much Ce02 could be co l l ec t ed  on t h i s  p iece  of  equipment 
alone. 
51  mm and 10 mm i n  diameter,  t h e  51  mm tube  tapered  t o  a 20 mm opening 
a t  t h e  bottom. A 24-hour 
70 percent  0 
of 05 perceng of  t h e  cerium and recovery of 43 percent  of cerium on 
t h e  apparatus.  
s lop ing  su r face  where t h e  51 m t u b e  narrowed t o  a 20 mm opening and 
was e a s i l y  removed by soaking i n  O , 5  ~ 3 1 J O  
sur faces  should r e s u l t  i n  g r e a t e r  recovery of Ce02. 

The gas l i f t  cons i s t ed  of two concent r ic  p i eces  of quartz ,  

Gas was admitted throggh t h e  10 mm tube.  - 30 percent  C 1 2  t reatment  r e s u l t e d  in p r e c i p i t a t i o n  

Most of t h e  recovered Ce02 w a s  deposi ted on t h e  

Addit ional  s loping 3' 

Aaueous Washing of E l e c t r o l y t i c  U02 - Crushed ar.d s i z e d  UO p a r t i c l e s  
from a 21-pound deposi t  produced i n  a 2,5 L i C 1 - K C 1  sa l t  bafh a t  560 C 
and 0.7 v o l t s  reference p o t e n t i a l  were washed w i t h  t a p  water t o  remove 
salt. 
U02 were independent of t h e  p a r t i c l e  diameter i n  the range 1/16-inch 
t o  3/h-inch and of t h e  washing time i n  t h e  range two hours t o  30 
days. 
is s t i l l  poors  t h e  est imated ch lor ide  content  of 20 samples taken 
during t h e  runs ranged from 155 t o  422 ppm, while t h e  l i t h ium and 
potassium contents  were 15-18 ppn and 70-100 ppm, respec t ive ly .  
r e s u l t s  i n d i c a t e  t h a t  p r o d m t  U02 i n  t h e  -8 +10 mesh s i z e  range 
needed f o r  v ib ra to ry  compaction conta ins  occluded s a l t s  which are 
not  removed by aqueous washing, 

The l i th ium,  potassium and ch lor ide  conten ts  of t h e  washed 

Although t h e  accuracy of t h e  a n a l y t i c a l  rechnique f o r  ch lo r ide  

The 

Fuel  ProcessinE Economic Study - An i n i t i a l  study has  been completed 
comparing t h e  conventional f u e l  processing c o s t s  wi th  S a l t  Cycle 
type close-coupled h e 1  processing f o r  a l a r g e  (1000 MW ) l i g h t  
water moderated reac to r  recyc l ing  self-generated plutonium on a 
graded fuel cycle.  Fuel  exposure f o r  each recyc le  s t e p  is con- 
s t a n t ,  approximately 14,500 MWD/T, and equal  t o  t h e  exposure f o r  
the i n i t 1 8 1  uranium-only fue l ed  s tep .  Both s t a i n l e s s  steel and 
zirconium-clad oxide f u e l  elements and a broad range of  cos t  i npu t s  
are  considered. 

e 

To minimize the  cos t  p e n a l t i e s  assoc ia ted  w i t h  mixed Pu02-U02 f u e l  
f a b r i c a t i o n ,  plutonium is segregated i n  a ca l cu la t ed  optimum f r a i t i o n  
of t h e  t o t a l  f u e l ,  and f u e l  cycle  c o s t s  are compared on t h e  basis of 
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optimized costs. 
cen t ra l  plant processing are based on average fuel cycle costs 
f o r  four plutonium recycle steps. 
of the  average value of f issi le plutonium.in each economics case 
as a replacement fo r  U-235 enrichment. Four economic cases are  
considered. 
case and a high cost estimate case and, fo r  each of these, both 
lease and purchase of enriched uranium are  considered. 
includes fue l  cycle losses,  inventory periods, burnup and uni t  costs. 

Savings with Sa l t  Cycle processing re la t ive  t o  

Plutonium is valued on the  basis 

Fuel cycle costs are  grouped i n t o  a low cost estimate 

Input data 

For t he  reactor cases evaluated t o  date, a potent ia l  savings of 
0.10 t o  0.25 mi l l s /M fo r  close-coupled Sa l t  Cycle type processing 
is indicated t o  be a reasonable poss ib i l i ty  with plant  capi ta l  
cost  l imited t o  a range of $5 million t o  $10 million. This i s  
considered a r e a l i s t i c  cap i ta l  cost t a rge t  fo r  the small (approxi- 
mately 0,2 W/day) simplified single-purpose plant as visualized. 
The la rger  savings are  realized a t  the  lower end of the capi ta l  
cost  range and potent ia l  savings are  greater f o r  s ta in less  s t e e l  
clad fue l  than with zirconium clad fuel.  In other terms, the 
savings range from $12 t o  $30/Kg of fue l  processed o r  $700,000 
t o  $1,750,000/yr0 fo r  a 1000 MWe reactor complex. 

Numerous possible applications remain t o  be evaluated fo r  Sal t  
Cycle process application. These include higher fue l  exposure 
cases, semi-batch and batch reactors, plut.onium enrichment other 
than self-generated recycle and special  reactor combinations 
such as a fast-thermal combination, It i s  also planned t o  make an 
ear ly evaluation of f i ss ion  product poison decontamination 
requirements for  research and development guidance. 

RADIOACTIVE RESIDUE PROCESS DEVELOPMENT 

- . . .  Full-Level Radioactive Calcination Studies * 

Two pot calciner runs were made d u r h g  t h e  month, t h e  first under 
high sodium n i t r a t e  conditions t o  determine the storage s t a b i l i t y  
of nitrate-containing melts, and the second under high sulfate 
conditions with excess calcium n i t r a t e  added t o  prevent sulfate  
volat i l izat ion.  In  both runs, only the  condenser and "absolute" 
filters were used t o  decontaminate t h e  off-gas, which apparently 
met allowable discharge l i m i t s  with t h i s  simple treatment only 
(de i in i t ivc  analytical  results not yet  available). 
uneventful, except for  a plug which formed i n  t h e  off-gas l i n e  
during the  boildown phase of the high-nitrate run and which caused 
pressurization t o  about five pounds per square inch before power 
was shut off. The run w a s  resumed a f t e r  dissolving the  plug. 
The plug was probably caused by foaming and associated w i t h  the 
f ac t  t h a t  a draft tube w a s  not used i n  t h i s  run, Another 

The runs were 

- .  
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interest ing observation ( prokably caused by the high-sodium, low- 
sulfate conditions of the r u n )  WES the  appearame of gross concen- 
t ra t ions  of cesium i n  the condensate during melt-down. 
of the runs are included €n.the January-March Quarterly Progress 
Report on the Fixation of Radioactive Residues (HW-77299) 

Details 

Eighteen-Inch Radiant-Heat Spray Calciner 

Six runs were made in  the Cold Semiworks radiant-heat spray calciner 
t o  evaluate the off-gas f i l t e r  blow-back system and t o  explore the 
capacity of the reactor. 

Pressure drops across the f i l t e r s  were maintained a t  less than 1 4  
inches of water using both a i r  and superheated steam as a blow- 
back media, 

Five different  types of venturi arrangements t o  d i rec t  the blow- 
back f l u i d  are  being tes ted on the cu t l e t s  of the f i l t e r  elements. 
The venturis characterized by th in  throats ,  l e s s  than one-inch in  
diameter, and gradual divergence, l e s s  than 30 degrees, appear t o  
produce superior performance, 

A large, external-mix pneumatic nozzle (Spraying Systems Co. Setup 
No. 70) and a smaller, internal-mix pneumatic nozzle (Spraying 
Systems Co. Setup No. 42) were run a t  20 gph. The external-mix 
nozzle required about 0.45 pounds of steam per pound of feed for 
adequate atomization, as compared with about 0.10 pounds of steam 
per pound of feed for the internal-mix nozzle. 
nozzle has the advantage t h a t  the feed stream need be under no 
pressure, while with the l a t t e r  +,he feed must be under pressure 
jus t  s l i gh t ly  less  than the steam pressure - i n  t h i s  case 37 psig. 
Calcine buildup on the reactor w a l l s  was very l l g h t  with both 
nozzles. On the inside of the draf t  tube the smaller nozzle 
produced a somewhat greater buildup, perhaps because it was operated 
beyond i t s  intended capacity and was not producing a s  f ine  a spray. 

Waste Calcination Instrumentation 

However, the former 

The waste calcination and sol idif icat ion processes now under investi- 
gat-ion w i l l  discharge t o ,  or produce t h e i r  products fn  pots or  
canisters. 
material i n  the canister w i l l  be known, but off-standard conditions 
can abruptly change t h e  nature of the material. 

Normally t h e  nature ( l iquid,  powder, o r  m e l t )  of the 

An experimental program has been in i t i a t ed  011 means of measuring 
the l eve l  and type of material in t h e  calciner pots. I n i t i a l  

DECLASSIFIED 
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experiments are being con6ucted in a four-inch-diameter induction- 
heated pot using a thermocouple measurement system similar to 
that employed at ORNL for liquid systems. 
indicate that this system will detect powder levels. 

Preliminary results 

Zeolite Properties 

Work continued on zeolite equilibria in several systems of 
interest for application to strontium and cesium packaging solu- 
tions. The area of zeolite loading covered was zero to 100 per- 
cent. 
below covered only the dilute cesium and strontium solution 
concentrations with from zero to ten percent zeolite loading. 
The systems included strontium-calcium, sodium-calcium. strontium- 
sodium, cesium-strontium, cesium-ammonium and sodium-cerium. 
Cesium-cerium, strontium-cerium and the cesium-rubidium systems 
are under study. 
for the determination of zeolite capacities in multi-component 
systems. Only Linde 13X and 4A were found to remove appreciable 
amounts of cerium from sodium-cerium solutions. The 13X is much 
more ceyium-selective than LA, 

Previously reported zeolite equilibris with the systems 

These basic equilibrium data are to be utilized 

The cerium selectivity coefficient of 13X,  uncorrected for ion 
activfties, is substantially improved by heating to 70 C. The 
more rapidly increasing mean activity of the cerium chloride in 
relation to sodium chloride with the addition of heat is the 
probable cause of the selectivity coefficien$,increase. 
similar, but less pronoqnced, increase in the strontium selectivity 
coefficient of 13X was noted in the strontium-sodium system, 

A 

Condensate Treatment 

A small-scale experimer.t was performed to study the ruthenium 
removal from steam-stripped Purex tank farm condensate by a thin 
bed of s t r cng  base anion resin in the hydroxyl form. 
densate was passed thrcugh a bed of 200 x 400 mesh Dowex 1x8 at 
a flow rate of about 7 gpm/ft2 (13.5 cv/min). 
was 5 cm in diameter and 1.5 cm high, removed 94 percent of the 
ruthenium at the beginning of the run, After about 3500'column 
volumes had been treated, nitrate and nitrite ions had saturated 
the bed, and the ruthenium removal efficiency decreased to 84 
percent remcval. The effluent concentration of RU-106 was less 
than its MPC, value for the entire run during which 9800 column 
volumes of waste were treated. Pressure drop across the bed 
increased from four pounds per square inch at the start of the 
run to eight pounds per square inch when the test was ended, 

The con- 

The bed, which 
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Electrostatic Bubble Scrubber 

- -  Experiments were performed to measure the net efficiency of charged 
particle scrubbing in a 1/6 square foot area bubble scrubber as 
a function of corona current in the chkging'section. ' Care was 
taken to differentiate between collection on surfaces ahead of 
the scrubber and within the bubble scrubber itself to permit 
the bubble scrubbing efficiency to be measured discretely. 
arrangements were tried to find a configuration which did not 
result in virtually all particles being precipitated on the 
grounded surfaces making up the inlet passage. 
was found to increase with charging current to a maximum, then 
decrease with further current increase. The maximum efficiency 
for 3.3 cm depth of liquid and for 0,032-inch sieve plate holes 
was found to be only. about 50 to 60 percent, about three to four 
times that for similar uncharged particles. Initial experiments 
suggest that smaller holes in the sieve plate will result in higher 
scrubber efficiencies. 

Several 

The net efficiency 

"he immediate effort in this study is to obtain understanding of 
the parameters controlling electrostatic precipitation to a bubble 
wall, rather than to determine empirically an optimum geometry 
for overall system efficiency, 
that electrostatic deposition on surfaces ahead of the scrubbing 
section may be materially effective in removing particles unless 
geometries are selected deliberately to avoid this precipitation. 

These initial experiments suggest 

BECLASS IF1 ED 
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BIOLOGY AND IEDiCIhT  - 05 PROGRAM 

TERRESTRIAL ECOLOGY -- EARTH SCIENCES 

Rydrolow and Geoloay 

The e lec t r ica l  arialog of the project ground water flow system 
w i l l  use a discrete nesvork of res i s tors  t o  simulate t h e  s o i l  
continuum, The discrete res i s tors  permit the spa t i a l  conductance 
(permeability) v a r i a t i m  t o  be eas i ly  represented, and internal  
measurement of analog potentials is simplified. 
t o  discretizing the flow system c a n  be reduced t o  any desired 
leve l  through kse of suff ic ient ly  small gr id  spacings. 
very large horizontal dimasions of the project (miles) a s  
compared t o  t h e  ra ther  small ver t ica l  flow dimension (several  
hundreds of f ee t  t o  basalt) suggests using a smaller network 
spacing in  the ve r t i ca l  dimension than i n  the horizontal dimen- 
sion. 
d e t a i l  and a t  the same time reeuce s ignif icant ly  the number of 
res i s tors  required for t h e  analog, 

The e r ror  due 

The 

Such a spacing w i l l  permit simulation of adequate ver t ica l  

StGdies were made t o  learn what  r a t i o s  between horizontal and 
ve r t i ca l  gr id  spacicgs can be used without introducing appreci- 
able error '  
truncation error  associated with discret iz ing the  so i l  continuum, 
The equation includes the e f fec ts  of unequal g r id  spacings; 
therefore,  the redxed  case, i c e ,  equal spacing, truncation 
estimate i s  also available by se t t ing  the appropriate r a t io s  t o  
oneo 
cation error  estimetes, the probsble increesed er ror  due t o  
unequal spacing s h o d d  be obtained. 
of the error analysis to the preliminary test analog is under- 
way 

An eq=lation was obtained which estimates the 

Upon conipazxnq t h e  ucequal and equal gr id  spacing trun- 

Programming and application 

A FORTRAN program was writ ten t o  solve a three-dimensional 
flow systsm (Test arzs:og) f o r  which an analyt ical  solution 
exists. 
and evaluates the potent ia l  a t  every g r i d  point. 
lation includes the a b i l i t y  50 use unequal g r i d  spacing in  
4 dlmensicn (rest .r icted t o  l e s s  than 8000' nodes). 

The program generates a se t  of Fourier coefficients 
The formu- 

The purpose of the program is t o  provide a kown solution t o  
check f i t t i n g  functions generated by GENORO; as well  as t o  serve 
as a f i r s t  model for  the t e s t  analog. To further the error  
evaluation capability, a deck of the  "Steady Darcian Flow" 
program has been a l te red  t o  p e w i t  calculating w i t h  reduced 
gr id  spacings i n  the ver t ica l  8imension. 
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A column of soil having a uniform bulk density is  needed for  
laboratory determination of s o i l  parameters 
for packing a column of s o i l  t o  a uniform and reproduceable bulk 
density, and shop drawings are being prepared. The packer w i l l  
accommodate a 2.5-inch 0,C. column up t o  20’inches long. It can 
be modified easily t o  accommodate smaller diameter columns down 
t o  1.25 inches. 

A device was designed 

A preliminary isopach map of the Prosser bed, the confined aquifer 
high i n  the basalt ser ies ,  was completed. 
the bed was deposited as an  a l luv ia l  fan by 811 eastward-flowing 
stream (the ancestral  Y a i r i m a  River?) probably joining the Columbia 
River along the east  side of the Hanford Works Area, The bed i s  
thickest  i n  the synclinal areas and thinnest over the an t ic l ina l  
ridges. 
i n  the region, That conclusion i s  substsntiated by a similar 
conclusion result ing from Ringold Formation studies. 
Prosser bed can be expected t o  the southeast within the Pasco 
syncline. 

The map shows t h a t  

This suggests t ha t  it was deposited during deformation 

Hence, the 

Areas where the overlying Saddle Mountain No, 3 basal t  flow has 
been eroded (beneath the  Separations areas and v ic in i ty)  and 
where the  flow terminates t o  t h e  east ,  a re  locales fo r  recharge 
of the  Prosser bed, one of the more significant factors  i n  deter- 
mining the path of water movment i n  t h a t  confined aquifer. 
The Saddle Mountain No. 3 flow, where recognized a t  the  gromd 
surface, oftentimes is highly jointed and clear ly  not wholly 
impermeable t o  ground water movemento Hence, some recharge of 
the Prosser bed through the Saddle Mountain No. 3 flow and the 
discharge of waters and contaminants from the bed upward through 
the basalt flow are a t  l ea s t  local ly  possiblee* 

RADIOLOGICAL AND HEALTH CHEMISTRY 

Uranium Ore Inhalation Studies 

A major problem in  studies of the inhalation of uranium ores by 
experimental animals i s  the measurement of the t o t a l  uranium which 
has been deposited i n  the  animal. Preliminary measurements w i t h  
phantom rats showed tha t  the t o t a l  deposited uranium ore could 
be measured to within % 0.5 mg by counting f o r  10 minutes i n  the 
9-3/8 inches w e l l  crystal .  Although the deposited uranium was 
expected t o  be about 20 mg, a f t e r  three ex?osures it has been 
possible t o  deposit only 2-3 mg i n  rats. A t  these low levels 
the above method is’useful  but not as accurate as desired. 

D EC LASS I FfE D 
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Tritium Gas ChromatoqraDhy 

In  studies of the use of a polyethylene glycol chromatographic 
column for fractionation of BCN and C02 from reactor condensate 
samples an interesting observation was made that this column 
retains tritium from both the tritiated water and the ammonia 
present in the samples. 
as regards its possiSilities as a means of concentrating tritium 
for analysis. 

This process will be examined further 

Radiation Chemistry 

Commercial N,N-dinethyl-p-phenylenediamine was purified uld used 
to prepare the relatively stgble free radical known as NJusters 
Red. This radical was prepared in aqueous solution by oxidation 
either with molecular oxygen or chloranil. 
of the unpaired electron with the two nitrogen atoms, the six 
methyl protons, and the four ring protons produces an elaborate 
ESR spectrum which provides a convenient magnetic field marker 
since its lines are evenly spaced 1,2 gauss apart. 
is very suitable for rate measurements and a comparison of its 
reactivities with those of the hydroxyl radical should prove 
useful. 

Hyperfine interaction 

This radical 

Film Thickness Measurement Technique 

Measurement of the thickness of films used in radiation chemistry 
studies is necessary to determine the concentration of the materials 
in the film, 
five percent for films of 10 u or greater was developed which 
uses a light interference method in the near infra red region. 
The method cen be used with the Beckman DK2 spectrophotometer 
or with greater accuracy using the Cary 1u spectrophotometer. 

-8TY AND FALLOUT 

Particle Deposition in Conduits 

q e  deposition parameters KjV, has been found to correlate with 
S . These terms are defined as: 

A method for determining film thickness to within 

K = deposition velocity 
V = average velocity in the conduit 
S+ = dp2 pP f (Re)2 / 40 p g  D2 

_ _  dp = Farticre diameter 
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pp = par t ic le  density 
f = f r ic t ion  factor 

Re = Reynold's number 
pg = gas density 

D = conduit diameter 

A re la t ively simpler correlation than tha t  previously used was 
ident i f ied fo r  a range of r/V'values from 10-7 t o  10-2. 
correlation equation is : 

This 

Although t h i s  simple equation may be suitable for  estimation 
purposes, a wide sca t te r  i n  the current available data exis ts .  
Two se t s  of data would suggest t ha t  K/V may not be l inear  with 
(S+)2. As S+ ranges t o  lower values, 0.1 t o  1.0, K/V tends t o  
approach a constant. This tendency was investigated. 

The deposition veloci t ies  were estimated from iodine vapor deposit- 
ion and 40 A A l  0 Although deposition mechanisms 
are different  for these substances, the estimated deposition para- 
meters, K/V, were of t h e  order from 10-3 t o  lom2 w i t h  S+ values 
smaller than These deposition parameters are as high as 
the highest K/V values obtained f o r  micron-size par t ic les .  In 
drder for  t h i s  t o  occur, the conclusion i s  t h a t  a def in i te  but 
unknown curvature ex i s t s  i n  the correlation between K/V and S+. 

deposition data, 2 3  

Since deposition veloci t ies  for  each par t ic le  s ize  have not been 
direct ly  measured i n  a three-inch tube, such a curvature may be 
the explanation of the high, s i x  percent deposition obtained i n  
these larger diameter tubes. 
of par t ic le  s ize  on deposition i n  the three-inch tubing, and t o  
determine the correlation curvaturep narrow size dis t r ibut ion 
par t ic les  w i l l  be mandatory. 
aerosol generator w a s  operated t o  es tabl ish performance character- 
i s t i c s  fo r  t h i s  continued study. 

In  order t o  investigate the effects  

To t h i s  end the spinning disc 

Aerosol Samplina Study 

The two-foot square wind tunnel for  measuring sampling errors  i n  
conjunction w i t h  Atmospheric physics rainout studies was operated 
with at tent ion given t o  controll ing velocity prof i les  and t o  
determine general operational features for  t h e  ensuing experiments. 
Velocity prof i les  i n  the t e s t  section were found t o  be sensit ive 
t o  small changes in  the diffuser cross section geonetry. 
baff les  and or i f ice  plates  were used t o  establish near uniform 
velocity i n  t h e  t e s t  section. 
delivery t o  the duct were studied. 

Various 

Sampler configuration and par t ic le  
4 
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Fission Product Encapsulation 

A series of further experiments have been performed on the forma- 
tion of strontium titanate compacts by the high rate densification 
process and an extension of the process to cesium. 
cluded that sintering temperatures of 1250 to 1300 C are necessary 
to obtain truly high density strontium titanate. 
temperatures are at about the upper limit of can material stability, 
allowing the can to cool a hundred degrees immedkately prior to 
high rate densification processing may be required to strengthen 
the can. 
resiilt s. 

Attempts to date to form cesium compacts bv the high rate densi- 
fication process have been less successful. Cesium chloride was 
compacted to a density of 3.68 g/cc (93 percent of theoretical); 
however, the can ruptured, apparently due to a spring-back 
phenomenon associated with the low melting point of cesium 
chloride. Cesium sulfate (Cs SOq) might be a more desirable 
material for compaction and wzll be tried. 
cesium boro silicate glass by compacting a mixture of oxides 
were also unsuccessful. Besides difficulty in welding the cans 
(due to outgas holes in the weld), the vent line tended to plug 
during the heat soak step, and one can exploded in the furnace. 
It appears that high rate densification processing may have no 
advantages over conventional technology for cesium glass 
format ion. 

It was con- 

Since these 

The Mark I1 can design has continued to give good 

Efforts to form 

EngineerinK Study 

Architectural, site plan, ventilation, prbcess flow and equipment 
layout drawings were issued for comment during the month on the 
main study case. 
completion, leaving the preparation of the study report as the 
principal a c a a t y  for the remainder of the year. 

Overall engineering design efforts are nearing 

Manager 
Chemical Laboratory 

WH Reas:cf 

i 



U N C L A S S I F I E D  D-1 mq- 7 7 3 97 

1 -  

. -  
I 

i -  

i 
i 

A. 

B. 

1 

BIOLOGY LABORATORY 

ORGAI?IZATION AND PT?SOI\TNEL 

No s i g n i f i c a n t  changes occurred during t h e  month. 

TECHNICAL ACTIVITIES 

FISSIONABLE NATSXALS - 02 PIIC)GRAM 

Effect o f  Reactor E f f luen t  on Aquatic Organisms 

The test a t  100-K3 t o  compare t h e  b i o l o g i c a l  effect  of two cor ros ion  
i n h i b i t c r s ,  Q u a c h r n e  Gluccsate and dichromate, i n  r e a c t o r  e f f l u e n t  on 
young chinoak salmon continues.  The r e s u l t s  a t  t h e  end of t h e  t h i r d  
month cf t e s t  a r e  e s s e n t i a l l y  t h e  same as repor ted  last month. No 
d i f fe rence  i n  ncr ta l i ty  o r  growth can be a t t r i b u t e d  t o  t h e  type  of 
cor rcs ion  i n h i b i t o r  used, bu t  t h e  effect of e f f l u e n t  concent ra t ion  is  
evident  by t h ?  growth depression observed f o r  t h e  h igher  6@ ,- group. 

To augment t h e  abcve low-level, chronic t es t ,  a short-termed acu te  t o x i c i t y  
test  of auachrcme Gluccsate was undertaken. 
young chinook salmon s u f f e r  no mor t a l i t y  a t  about  5 ppm of Quachrome 
Glucosate (expressed as equ iva len t s  of  hexavalent chrcmium) and 100% 
m o r t a l i t y  occurs  a t  125  ppm f o r  72-hour exposures. The s ign i f i cance  of 
t h e  r e s u l t  i s  t h a t  no s i g n i f i c a n t  d i f fe rence  i n  t h e  l e t h a l  na ture  of t h e  
chromium t o x i c i t y  appears t o  exist between t h e  inorganic  dichrcmate and 
t h e  organic  Quachrome Gluccsate.  

prel iminary r e s u l t s  show tha t  

Columnar is 

Trout exposed i n  1962 t o  columnaria were r e t a i n e d  i n  normal r iver water 
u n t i l  l a t e  winter when t h e i r  water su3ply was g radua l ly  heated t o  63 
t o  s imula te  t h e  temperature r ise c h a r a c t e r i s t i c  6f early sumer .  F ish  
dying s i n c e  t h a t  time showed no evidence of any columnaris as shown by 
p l a t i n g  f r o m  g i l l  scrapings.  

I s o l a t e s  of columnaris taken from thsse same groups o f  t r o u t  during 1962 
were t e s t e d  f o r  relative vlrulence.  
v i ru l ence  during the  two-week p d o d  of maxLmum death  w a s  any d i f f e r e n t  
from virulence of s t r a i n s  i s o l a t e d  l a t e r  i n  t h e  yea r  when dea ths  were rare. 

There was no evidence t h a t  t h e  

BIOLOGY AND mDICI:?JE - 06 PROGPAM 
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Zinc 

The concent ra t ion  o f  Zn6s i n  t r o u t  blood a f t e r  a s i n g l e  o r a l  dose can be 
descr ibed as an expcnent ia l  decrease af ter  a maximum is reached a t  about , 
24 hours post-adminis t ra t icn.  . 

- 

The concent ra t ion  i n  t h e  plasma is much 
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higher  than  i n  t h e  e ry throcytes  f o r  s eve ra l  weeks. 
t h e  plasma is apparent ly  i n  a protein-bound form. S s u l t s  of 2 b h o u r  
dialysis of plasma samples obtained from t m u t  k i l l e d  a t  var ious  t h e  
i n t e r v a l s  of a few days show t h a t  only about 10 t o  20% of Zn65 i s  dialyzable .  

Most cf t h e  i so tope  i n  

Strontium 

The reserve capac i ty  c f tbehemato  o i e t i c  system of  three con t ro l  swine 
and two swine inges t ing  1 2 5  pc SrgO/day i s  being evaluated t o  assist us  i n  
determining t h e  effect  of continuous inqes t ion  of high levels of Sr9O on 
hematopoietic funct ion.  
quan t i ty  of blood equal  t o  1% of t h e  an imal l s  weight i s  removed a t  week1 
in t e rva l s .  Standard hematological tes ts  along with determinat ions of C r  - 
tagged blood cel l  survival, Fe59 plasma clearance and ery throcyte  uptake will 
be used t o  assess t h e  func t iona l  s t a t u s  of t h e  hematopoietic system. 

I n  order  t o  stress the  hematopoietic system, a 

A 

Iodine 

Nineteen yea r l ing  she2p which were given a s i n g l e  feeding  of 113’ (1.25-5 mc) 
o r  exposed t o  X- i r rad ia t ion  cf t h e  thyro id  region (750 r - 4500 r )  were 
k i l l e d  n ine  weeks post-exposure i n  o rde r  t o  eva lua te  t h e  comparative 
e f f e c t s  of t h e s e  sources  of i r r a d i a t h  on t h e  thyro id  and contiguous 

- 

s t ruc tu res .  The mcst severe gross  changes observed were i n  animals f e d  t h e  
l a r g e r  doses of 1131 i n  which shrunken f i b r o t i c  thyro id  glands appeared. 
subcutaneous t i s s u e  surrounding t h e  thyro id  of t h e  X-irradiated animals was 
somewhat edematous and f i b r o t i c  and t h e  area was s u p e r f i c i a l l y  de l inea ted  by 
t h e  wool lcss which occurred. 

T h e c q  - - 

1132,$32 

Lacta t ing  ewes were adminis tered consecutive s i n g l e  o r a l  doses of Te1j2- 
1132 f o u r  weeks a p a r t  and concentrat ions i n  t h e  milk were measured a t  
i n t e r v a l s  i n  two ewes up t o  96 hours. 
0.25 of t h e  Te132 adminis tered was sec re t ed  i n  milk  f o r  any 2k-hour per iod 
following adminis t ra t ion.  Although high concent ra t ions  of 1132 were found 
i n  the mi lk  a t  co l l ec t ion ,  with i ts  rap id  decay rate (2.2 hour h a l f - l i f e ) ,  
t h e  concent ra t ion  present  after 24 hours was dependent on t h e  content  of 
Te132 which was relatively low. Neasurements f o r  Te132 ccncent ra t ion  i n  
major t i s s u e s  were erformed f o r  three ewes s a c r i f i c e d  a t  48, 72, and 96 
hcurs  after t h e  Te1s2 adminis t ra t ion ,  Peak concentrat ions of 0.006 and 
0.0015% of administered dose/g were observed i n  the  thyro id  and kidney, 
t he  organs showing t he  h ighes t  ccncentrat ion.  
however, may l a c k  r e l i a b i l i t y  due t o  the h igh  relative concentrat ion of 
1131, a contaminant i n  t h e  administered material. 
the  ear l ie r  estimtes of t h e  importance of 1132 i n  t h e  food cycle  of 
man i n  early f a l l o u t  were over-estimated. 
extended t o  c a t t l e  during t h e  summer.) 

Results ind ica t ed  that less than  

The values obtained f o r  t h w o i d ,  

(These results suggest  

However, t h e s e  s t u d i e s  may be 
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Prome t h i  u ?  

Two ycung a d u l t  miniature  swine wsre administered 10 mc of 
and k i l l e d  t e n  days l a t e r  t o  determine t h e  g a s t r o i n t e s t i n a l  absorp t ion  
and r e t e n t i o n  cf h147. 
t h a t  less than 0.05% of t h e  oral ly  administered dose is absorbed and 
re ta ined .  
below the  l e v e l  required f o r  accura te  determinat ion by o rd ina ry  counting 
and w i l l  r e q u i r e  chemical separa t ion  of t h e  I'm147 t c  provide samples f o r  
accu ra t e  detect icn.  
A r a t h e r  uniform t i s s u e  d i s t r ibu t io r ,  was observed, t i s s u e  concent ra t ions  
varying by less than a f a c t o r  of 10; t h i s  is  i n  c o n t r a s t  t o  100-fold 
v a r i a t i o n s  noted previous ly  fol lcwing intravencus a d n i n i s t r a t i c n .  

o r a l l y  

Preliminary r a d i o a n a l y t i c a l  r e s u l t s  i n d i c a t e  

This f i g u r e  is prel iminary i n  t h a t  s k e l e t a l  concentrat ions w e r e  

( A  v a l u e  of 0.01% f o r  abscrp t ion  i s  used by t h e  ICW.) 

Neptunium 

An experiment i s  i n  progress  t o  determine t h e  e f f e c t  of simultaneous 
Pu239 adminis t ra t ion  on t h e  excre t ion  of Np239 wi th  and without TPA 
treatment .  
are scmewhat uncertain due t o  counting d i f f i c u l t i e s .  
EPA i s  not  very e f f e c t i v e  i n  neptunium removal. 
effective,  however, i n  t h e  presence of l a r g e  amcunts of plutonium ( 5  ,uc 
per r a t ) .  An unPxpected1y high excre t ion  of neptunium w a s  noted i n  t h e  
feces .  This  ccntinued a t  a high l e v e l  cver a f ive-day per iod and o f t e n  
exceeded t h e  t o t a l  u r ina ry  excret icn.  
was observed i n  both DTPA-treated and non-DTPA-treated animals. 

m y  NP2j9 exc re t i cn  data a r e  thus  far  ava i l ab le ,  and t h e s e  
A s  p rev ious ly  noted, 

It seems t o  be more 

This enhanced f e c a l  excr.?tion 

P l u t  cniun 

Flutonium-238 and h239 s c l u t i c n s  Kith var15ng amcunts of  c i t r a t e  added, 
which displayed d i f f e r i n g  t c f i c i t i e s ,  were s tudied  by  u l t r a f i l t r a t i o n  
techniques.  
be c o r r e l a t e d  with t h e  t o x i c i t y  differences.  

No di:?ferences i n  u l t r a f i l t r a b i l i t y  were ncted .wtlich could 

Fur ther  s t u d i e s  a r e  being made of o r a l  e f f ec t iveness  f o r  plutonium 
removal of TTHA, DTPA and TTPA e s t e r .  A new TTHA prepara t ion ,  of 
g r e a t e r  apparent p u r i t y  than  t h a t  prev ious ly  a v a i l a b l e ?  appears from 
pre l iminary  r e s u l t s  t o  bs considerably more effective than  DTPA or 
t h e  prev ious ly  employed TTHA. 
t h a n  e i t h e r  DTTA c r  TTHA. 

The DTPA e s t e r  is  d e c i d e d l y  mcre tox ic  

Xadiation, C o p e r  and Xolybdenum In te r -3e la t i cnsh ips  . 

A pa i r ed  feeding s tudy  i s  i n  progress  t o  s tudy t h e  decreased u r ina ry  ccpper 
e x c r e t i c n  of i r r a d i a t e d  animals. 
d i e t  and a 1000 ppm copper diet  a l l  exi i ibi ted decreased u r i n a r y  copper 
exc re t ion  following 850 r t c t a l  body rad ia t ion .  
are t h a t  t h e  decrease i s  due, i n  l a r g e  measure a t  l eas t ,  t o  decreased food 
i n t a k e  subsequent t o  i r r a d i a t i o n .  

Iiats on a s tock  d i e t ,  a 750 ppm molybdenum 

Prel iminary i n d i c a t i o n s  

, 
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Inhalation S tud ie s  

Analyses of t issue sam l e s  f r o m  a dog t h a t  died 3 years  and 2 months after a 
s i n g l e  exposure t o  h23902 were completed. The t o t a l  body burden was 1.4 pc  
of which SO$ was i n  lung, 42% i n  bronchial  and medias t ina l  lymph nodes, 
h% i n  bone, and 2% i n  l i v e r .  It was est imated t h a t  h p c  was i n i t i a l l y  
deposited i n  t h e  lung. Another dog died 3 years and 3 months after exposure 
t o  Pu2390,. Analy t ica l  and h i s t o l o g i c a l  d a t a  are not  complete. 

Two dogs were exposed t o  vapor re leased  from 150 p c  11% and two exposed t o  
vapor r e l eased  from 150 pc 1131 p l u s  about 2 grams s t a b l e  iodine.  The r a t i o  
Of I I 2 7  t o  I13I i n  the  ae roso l  (on a weight b a s i s )  was about 1 x 109. Dogs 
exposed t o  carrier-free iod ine  
t h e  thyroid.  Dogs exposed t o  1'3' with s t a b l e  iod ine  deposi ted 4 t o  10 p c ,  
and about 3 t o  65 appeared i n  t i e  thyroids .  
with rad io iodine  vapor increased  t h e  t o t a l  rad io iodine  deposi ted i n  t h e  dogs, 
yet reduced the  percentage of t h e  deposited iod ine  t h a t  appeared i n  t h e  
thyro id  by a f a c t o r  of two. 
of t h e  thyro id ,  as w e l l  a s  t h e  b io log ica l  r e t en t ion ,  was e s s e n t i a l l y  t h e  
same f o r  both grcups of dogs. 
t h c s e  obtained i n  r a t  experiments, do n c t  support  t he  suggested use of  
gens ra to r s  t o  release s t a b l e  iod ine  t o  t h e  atmosphere i n  t h e  event of a 
r e a c t o r  r e l e a s e  of rad io iodine  t o  reduce thyro id  depos i t ion  of radioiodine.  

e osi ted-about  1 pc, and l-4 t o  18% appeared i n  

Thus, the release of stable iodine  

The n e t  e f f e c t  was t h a t  t h e  rad io iodine  uptake 

These results, which w e r e  less  favorable  than  

Two experiments were completed i n  which about e igh t  therapy  combinations 
&% 3 -  were t e s t e d  f c r  e f fec t iveness  i n  removing inha led  Pu239O2 f r m  rats. 

a bronchodi la tor  drug, showed some s l i g h t  promise and w i l l  be inves t iga t ed  
fu r the r .  

Seven months a f te r  exposure t o  CelW1O2 one dog which deposi ted about  2 mc 
is beginning t o  show sevwe symptoms. 
weight l o s s  is marked. Other dogs which deposited less than  a m i l l i c u r i e  
are asymptomatic. 

I sup re l ,  

The r e s p i r a t o r y  ra te  i s  high and 

Thi r ty-s ix  rats were given three exposures t o  pi tchblende uranium o r e  dust 
t c  ob ta in  lung burdens o f  2 t o  3 mg. 
i n t e r v a l s  t o  determine whether t h s  daughter products o f  uranium remain i n  
equi l ibr ium i n  t h e  lung. 

G a s t r o i n t e s t i n a l  Radiation Indurn 

Rats  are s a c r i f i c e d  a t  weekly 

Rats subjec ted  t o  l e t h a l  i r r a d i a t i o n  of t h e  abdominal reg ion  (1200 t o  1500 r )  
w e r e  t r e a t e d  with a b i l e  s a l t  seques t ran t  (cholestyranine)  con t inua l ly  
perfused thrcugh the  small i n t e s t i n e .  
rats by a few days and did not  develcp d ia r rhea ,  bu t  u l t i m a t e l y  died f o r  

Rats so t r e a t e d  ou t l ived  con t ro l  

reasons as y e t  undefined. These 
involvement o f  b i l e  i n  r a d i a t i o n  
improve survival by n u t r i e n t  and 
r e s i n  t reatment  . 

s tud ie s  f i r n i s h  f 'ur ther  evidence f o r  t h e  
diarrhea.  
e l e c t r o l y t e  replacemmt in add i t ion  t o  t h e  

Attempts will b e  made t o  

UYCLAS S I F E D  

I 1 0 3 3 5 2  



UNCLASSIFIED IT& 7 7 397 

I n  an e f f o r t  t o  e l u c i d a t e  t h e  mechanism by  which b i l e  causes  diamhea,  
rats were administered a synthe t ic  b i l e  s a l t ,  dehydrocholate, which, 
un l ike  the  n a t u r a l  b i l e  sa l t s ,  does not  lower su r face  tension.  T h i s  
s y n t h e t i c  b i l e  salt does not  appear to cause d ia r rhea ,  suggest ing that 
t h e  p r i n c i p a l  effect of t h e  normal b i l e  sa l t s  may b s  concerned with 
su r face  t ens ion  effects. 

Kidney Function 

A r ad io i so tope  technique i s  being developed f o r  u se  i n  eva lua t ing  kidney 
func t ion  of  miniature  swine. 
adminis tered in t ravenous ly  (via t h e  a n t e r i o r  vena cava) and i t s  subs4q uent  
appearance i n  and clearance f r o m  t h e  kidneys i s  followed u t i l i z i n g  a two- 
probed s c i n t i l l a t i c n  de t ec to r ,  one probe pos i t ioned  over  each kidney. The 
iodohippurate  i s  selectively taken up by t h e  kidney and excreted i n  t h e  
ur ine.  
by e x t e r n a l  monitoring i s  seen which c o n s i s t s  of t h r e e  phases. 
phase, with rap id  increase  i n  activity,  i s  due t o  vascu la r  f i l l i n g ;  t he  
second phase, with a slower inc rease  i n  ac t iv i ty  i s  due t o  t h e  s e l e c t i v e  
uptake of t h e  1131-icdohippurate bv t h e  kidney tubu le  cel ls ;  t h e  t h i r d  
phase is charac te r ized  by a slow loss of a c t i v i t y  as t h e  1131-iodohippurate 
is excre ted  i n  t h e  u r i n e  and is moved t o  t h e  bladder.)  
t e s t  f o r  u s e  i n  t h e  minia ture  swine should prove use fu l  i n  studyin$2ghanges 
induced by i r r a d i a t i o n  of t h e  kldney, such as i n  our  high l e v e l  Ra 

Iodine-131-labeled iodohippurate  i s  

(The concent ra t ion  of 1131-iodohippurate i n  t h e  kidney as determined 
The first 

Adaptation of t h i s  

animals. 

Microbiology 

Develcping eggs of c i c h l i d  f i s h  are most s e n s i t i v e  t o  D20 during t h e  f i r s t  
e i g h t  hours. 
t o  t h e  par iod of c e l l  d i v i s i o n  preceding any d i f f e r e n t i a t i o n .  
p o s s i b l e  t h a t  t h e  per iod of g r e a t e s t  t o x i c i t y  ccrresponds with t h e  per iod  
of s i n g l e  c e l l  b l a s t c d e m a l  p r o l i f e r a t i o n .  

The r e l a t i o n  between t h e  rate of glucose uptake a t  d i f f e r e n t  temperatures 
and D20 effects on t h i s  uptake i n d i c a t e s  t h a t  t o x i c i t y  i s  exerted on t h e  
protoplasmic s i d e  of t h e  membrane. 
c a r r i e r  conplex r a t h e r  than  on entrance of t h e  glucose i n t o  t h e  membrane. 

Rate o f  cel l  d iv i s ion  of d i p l o i d  yeast cu l tu red  i n  %O is about 0.1 that 
of yeast grown i n  H20. 
on ly  s l i g h t l y ,  i f  a t  all. The i n h i b i t o r y  effect  of %O was g r e a t e r  on a 
yeast s t r a i n  which der ived a l l  i t s  energy frcm oxida t ive  r e a c t i c n s  than 
on a s t r a i n  which c a r r i e d  on both oxida t ive  and fe rmenta t ive  metabolism. 
This was a l s o  demonstrated by t h e  maintenance energr  requirements which 
were increased  i n  L$O by about t en fo ld  i n  t h e  ox ida t ive  but  no change in 
t h e  oxidat ive-fermentat ive s t r a i n .  

From s t u d i e s  of t h e  developmental p a t t e r n  t h i s  corresponds 
It i s  

Thus t h e  effect i s  on an i n t e r n a l  

Growth, as measured by c e l l  mass, i s  a f f ec t ed  
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a d i a t i o n  3ffects on Insects 

A s tudy  of t h e  e f f e c t s  of X rag on t h e  developing reproduct ive system of 
Ephestia females exposed i n  h n a t u r e  l i f e  cyc le  s t ages  was i n i t i a t e d .  
Gross niicroscopic examination Qf ova r io l e s  d i s sec t ed  from a d u l t s  revealed 
no a l t e r a t i o n s  i n  those frm 5 and 10 kr groups exposed as  pupae. 

Ovarioles from groups given 15 and 20 kr as pupae were obviously abnormal. 
They were reduced i n  l eng th  due t o  fewer developing egg cells.  Some 
ovar io les  contained only  one o r  two oocytes which were abnormally small, 
o the r s  contained oocyte-trophocyte complexes which were incompletely 
d i f f e r e n t i a t e d  and develcped. 
ovar io les  was fcund. 

I n  a l l  cases, t h e  normal number of e i g h t  

A q u a n t i t a t i v e  s tudy i s  planned t o  c c r r e l a t e  r a d i a t i o n  exposure wi th  
ova r io l e  development 

P lan t  S tudies  

With r epea t  cropping t h e  uptake of li185 i n t o  p l a n t s  appears  t o  marked1 
increase.  
i n  t h e  s o i l  o r  t o  the heavier watering regime used i n  t h e  second cropping 
i s  not yet clear. 

7 184 Whether t h i s  i nc rease  was due t o  t h e  longer  time cf t h e  J 

Pea r o c t  meristematic t i s s u e  shows a decreased frequency of d iv id ing  
c e l l s  following exposure t o  a so lu t ion  containing CS/K i n  a r a t i o  of one 
o r  more. 
t o x i c i t y  as grossly observed i s  not y e t  defined. 

r 

'dhether t h i s  effect on c e l l  d i v i s i o n  i s  t h e  cause of t h e  r o o t  

P l an t  Zcology 

Comparison cf s o i l  moisture  as measured i n  bur ied*cans  i n  a greasewood 
h a b i t a t  on A p r i l  15, 1963, showed the  cans with chea tgrass  e s t ab l i shed  
s ince  Octcber t o  conta in  an average of 275 g of water (SE 2 14) as 
compared t o  an average of 383 g (S3 + 28) contained i n  cans without 
g r a s s  cover. The g r e a t e r  moisture  lzss from t h e  vegetated cans is 
a t t r i b u t e d  t o  p l a n t  i n f luences  on s o i l  moisture.  

Rat t lesnake Springs Limnology 

For ty  periphyton sli$ts were placed i n  t h e  spr ing  t o  c u l t u r e  organisms 
t o  be used i n  t h e  lib 
t h e  headwaters of t h e  sp r ing  and a t  the  gauging weir revealed d i s t i n c t  
chemical changes. 
so l id s ,  and a l k a l i n i t y  decreased s i g n S i c a n t l y  downstream, w h i l e  lllg and 
NO increased. Zinc, ?e, S i ,  B, and PO4 remained relatively unchanged. 

experiments. Analysis of water samples taken a t  

Concentrations Of K, l k ,  Ca, SOL, C1, t o t a l  d i sso lved  

3 
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Columbia River Limnolcgy 

Ccunting of plankton c o l l e c t e d  i n  t h e  100-F Area was completed. Gross 
examination of t h e  periphyton s u b s t r a t e s  placed i n  t h e  t h e m 1  seepage 
bas in  below 109-F revealed t h a t  diatoms were predominant a t  t h s  lower, or 
cooler ,  end of t h e  slough, whereas blue-green a lgae  were t h e  main organisms 
i n  t h e  h o t t e r  water. 

Fa l lou t  

Radioiodine concentrat ions i n  North American deer  t hy ro ids  decreased during 
l a te  !*larch and then increased s l i g h t l y ,  o r  remained s teady,  during early 
Apri l ,  aoparont ly  due t o  in t roduc t ion  of 1131 from a French nuc lear  weapons 
tes t  i n  North Afr ica  on Xarch 17. Values a t  t h e  var ious  sa-npling loca t ions  
were as  follow: 

Locat ion and Number of P icocur ies  1131/g 'Jet Thyroid Tissue 
Sample Tgpe Animals Hean - - + One Standard E r r o r  

New York deer  1 
Cal i fo rn ia  dee r  7 
Nontana e l k  2& 
Haryland deer  7 Not 

33 
1L. 
11 1.4 

detec ted  

9.2 

The annual survey cf nes t ing  Canada geese wi th  n t h e  Hanford Rsserva t i  n was 
begun. 
i nc rease  over l a s t  year  and t h e  g r e a t e s t  number of p o t e n t i a l  nes t ing  pairs 
p resen t  s i n c e  1958. 

An average of 296 t e r r i t o r i a l  pairs w a s  found, represent ing  a ?% 

. Sampling and Analvsis cf Natural  Populations 

A s tudy  of t h e  theory  of t h e  so-cal led "dis tance" methods f o r  e s t h t i n g  
abundance and s p a t i a l  p a t t e r n  of n a t u r a l  populat ions is being continued. 
Resul t s  t hus  fa r  obtained cover cases of r egu la r ,  random, and one fonn 
(negat ive  binomial)  of contagious d i s t r i b u t i o n .  

Bunch-grass (Agropyron), e lk ,  and mule-deer f e c a l  p e l l e t s  co l l ec t ed  on 
t h e  Wooten Game Range (Blue Ikun ta ins )  were used i n  a pre l iminary  s tudy 
of  t h e  prospec ts  f o r  using thg  po r t ab le  r a d i a t i o n  ana lyzer  i n  f i e l d  sampling. 

Experimental gmm -ray counts  (Aquatic Biology single-channol ana lyzer )  were 
conducted on lib8% so lu t ions  over sand from h t t l e s n a k e  Springs.  

UXCLA S S I F E  D 
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The a n a l  

radionucl ide t r a n s f e r  i n  a n a t u r a l  system. 
rap id  removal under tu rb id  conditions,  bu t  s u f f i c i e n t l y  slow removal 
under clear condi t ions t o  make tests under f i e l d  condi t ions  seem 
prac t icable .  

es were designed t o  ob ta in  a rough not ion  of t h e  rates a t  

3 e s u l t s  i n d i c a t e  r a t h e r  
which Rb F might be removed from t h e  stream i n  a proposed s tudy  of  

Manager 
BIOLOGY LABORATORY 

HA Kornberg: es 
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TECHNICAL ICNT?RCHANGE DATA 
BIOLOSY LABORATORY 

I. Speeches Presented 

a. Papers Presented a t  Society Keetings and Symposiums 

None 

b. Seminars (Off-Site and Local) 

W. H. Rickard. Fallout i n  re la t ion t o  natural landscapes. (Exchange 
Seminar Program) 
April  2h, 1963.’ 

!p?ashington Sta te  University, Pullman, Washington. 

c. Seminars (Biology) 

Clarke, W. J. Research pathology. April 9, 1963. 

Bair, W. J. Lymphocytic effect of inhaled Pu239 on adrenalectomized 
rats. A p r i l  9, 1963. 

Stephen, I{. P., Biology Department, Oregon State  College, Corvallis, 
Oregcn. Accelerated evaluation through i r radiat ion.  April 16, 
1963 . 

Vaughan, B. E., Head, Biophysics Branch, USNRDL, San Francisco, 
California. 
bioelectr ic  phenomena. April 19, 1963. 

Effect of i r rad ia t ion  on in t e s t ina l  transport and 

Olson, P. A.  

Ballou, J. E. Comparative studies w i t h ’  Pu239 and pu238. April 23, 

Observations on the f i s h  disease organism, columnaris. 
April  23, 1963. 

1963 

Moll, T., Department of Veterinary Xicrobiology, ‘dashington State 
University, Pullman, !?lashington. 
nature of viruses and t h e i r  act ivi t ies .  

Present concepts regarding the 
April 26, 1963. 

Groff, E. H. Biology Library Procedures. April 30, 1963. 

Kornberg, H. A, Information meeting. April  30, 1963. 

d. Miscellaneous 

Uyeki, E. M. Cellular Radiobiology. University of  Washington 
Graduate Center, Richland, Washington. April  24, 1963. 

. . .  , . .  ._ - UNCLASSIFIED 

I I O 3 3 5 1  



UNCLASSIFIED 13- 10 

11. Articles Published 
a. HV Documents - :?one 
b. Open L i t e r a t u r e  

Hanson, W. C. 1963. Census of r ing -b i l l ed  and Cal i forn ia  g u l l  
co lonies  i n  Eastern Washingtcn. The Condor 65(2) :163-16&. 

McClellan, R. 0. and L. K. Fustad. 1963. Strontium-90 and calcium - 
i n  milk of miniature  swine. I n t e r n a t i o n a l  J. of  Radiat ion 
Biology 6:173-180. 

Narks, S. and L. K. Pustad. 1963. 
fed  radioiodine.  J. National Cancer I n s t i t u t e  30: 661-667. 

Watson, D.G., J.J. Davis a i d  14. C. Hanson. 1963. In t e r spec ie s  
d i f fe rences  i n  accumulation of gamma emitters by marine organisms 
near  the  Columbia River mouth. Limnol. and Ocean. 8: 305-309. 

Uyeki E. M. 1963. Serum haemagglutinins i n  heterologous chirlaeras. 
Nature 198: 196-197. 

Thyroid neoplasms i n  sheep 

III. Visits and V i s i t o r s  

a. Visits t o  Hanford 

&/1/63 Wives of Vashington S t a t e  Supreme Court and Federal  
Judges ( 1 2 ) .  Tour of Biology. @ -  --;. 

&/1/63 

4/2/63 

:?ashington S t a t e  Supreme Court and Federal  Judges (14).  

I)r. Thomas Bogyo, idashingtcn S t a t e  Universi ty ,  Pullman. 
Tour of Biology. 

Discuss research  with Drs. Eberhardt and Nakatani. 

&/3/63 

&/3/63 

4/34/63 Dr.  W. E. Lotz, Divis ion of Biclogy and Medicine, USAEC, 

V i l l i a m  F. NCUSS, F i she r i e s  Research I n s t i t u t e ,  Universi ty  

About &O s tudents  from Pendleton High 6chool toured. 

of  ?dashington, S e a t t l e .  Discuss research with Nakatani. * 

Washington, D.C. Mscuss  research program wi th  staff. 

. 4/8/63 I n d u s t r i a l  Committee - t o u r  Biology. 

L/9/63 Elmer Johnscn and John Neff, Acme Refr ig .  Co. Mscuss  

4/10/63 Dr. R. id. Dougherty, Igational Animal Discase Laboratory, 

&/ll/63 D r .  Leon hochowski,  Baylor Universi ty ,  Houston, Texas. 

4/16/63 D r .  Russe l l  Poor, AEC, Vashfngtcn, D.C. Discuss research.  I _  

4/16/63 D r .  1;. P. Stephen, Oregon S t a t e  University,  Corva l l i s .  

p l a n t  growth chamber with Cline. 

Ames, Iowa. Discuss research  wi th  Drs. Bustad and 
McClellan. 

Discuss research. 

Present  a seminar. 
UNCLASSIFI3D 
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4/18/63 J. P. Chapman and Oleta Atkins (with l o c a l  ATC e s c o r t s ) ,  
AX Division of Labor Relat ions,  Washington, D.C. Tour. 

4/19/63 D r .  Burton E. Vaughan, VSNRDL, San Francisco, Calif. Present  
seminar. 

4/22/63 G. E. Tibbet t s ,  GE Monogram, Schenectady. Tour. 

4/22/63 

4/22/63 D r .  'dyatt Cone, I r r i g a t i o n  VYxperiment S ta t ion ,  Prosser.  Check 

R. Bubenmire, Dept. of Botany, WSU, Pullman. Check research p l o t s  
with D r .  Rickard. 

research  p l o t s  w i t h  Dr.  Rickard. 

4/23/63 Dr. Erl ing  J. Ordal and Robert Pasha, Univers i ty  of Washin@on, 
S e a t t l e .  Obtain c u l t u r e s  of C. columnaris and d iscuss  
research  . 

Louis B. Van Dyck, Toy L. Jchnson, and G. V. Karsh, G3 New York 
Acccunting Services .  

4/25/63 
~ s c u s s  research  and tour .  

4/26/63 S e a t t l e  Business Men ( S O ) .  Tour. 

4/26/63 Dr. T. 14011, Vashington S t a t e  Universi ty ,  Pullman. Present  

4/27/63 

exchange seminar . 
Dr. L. G. Mocrehouse, Rat ional  A n i m a l  Divis ion Labcratory,  U.S. 

Department of Agricul ture ,  Washington, D.C. Discuss 
pa thologica l  problems wi th  Dr. Clarke. 

b. Visits Off-Site 

3/31-4/6 A. C. Case a t t e n d  t h e  ACS meetings i n  Los Angeles. 

4/3 V. G. Hcrstman inspected f eed  a t  Anderson Feed, Othello.  

4/7-11 E. M. Uyeki a t tended  the  Conference i n  Gatlinburg, Tennessee. 

F. P. Hungate a t tended t3e program review a t  t h e  Univers i ty  

V. G. Horstman inspected feed a t  Anderson Feed, Othello.  

9. A. Ragan at tended a conference a t  Washington S t a t e  University.  

of Washington Laboratory of Radiat ion Biology, S e a t t l e .  
4/8 

4/9 

4/8-10 

4/12-13 

4/13-20 !k 
4 / 2 ~  2 3 

L. K. Bustad worked on t h e  i cn iz ing  r a d i a t i o n  s tudy  a t  t h e  

E. G. Tombropoulos a t tended  t h e  Federa t ion  Meetings i n  At l an t i c  
Univers i ty  of Washington . 
City and discussed research  wi th  Dr. L. J. Casarett a t  
t h e  Univers i ty  of Rochester. 

H. A .  Kornberg at tended t h e  bus iness  meeting of t h e  Soc ie ty  
of Jkperimental  a io logy  and Nedicine and at tended se s s ions  
of t h e  Federat ion :,'eetings i n  A t l a n t i c  City,  New Jersey. 

4/15-18 

4/16-18 E. M. U y e k i  at '-ended Federat ion Neetings i n  At l an t i c  City. 'my. 
.--.. 
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4/15-20 B 
lr/21-24 

4/20-2 5 

4/2L 

L/2 9 

IV. 

V. 

VI. 
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D. D. Yahlum at tended t h e  Federat ion Meetings i n  At l an t i c  City 
and conferred with NS Hall a t  t h e  UT-AEC Pro jec t ,  Oak Ridge. . 

R, C. Thmpsor! a t tended t h e  AM: Bio-Medical Program Directors  
rs'eeting a t  Western Reserve University, Cleveland, Ohio. 

W. H. Rickard, Jr. presented an  exchange seminar a t  Washington ," 
S t a t e  University,  Pullman, Wash. 

L. L. Eberhardt and H. A,  Sweany c o l l e c t e d  p l a n t  and animal 
specimens f o r  radionucl ide content  a t  t h e  Wwten Gam Flange 
i n  t h e  Blue Mountains. 

C. E. Sreckinr idge de l ivered  dogs t o  the  Testing Ground, 
Tonopah, Nevada. 

Achievements 

No degrees were earned, nor  did any profess iona l  l i c e n s i n g  o r  
c e r t i f i c a t i o n  occur. 

Honors and Recognitions 

C e r t i f i c a t e s  of P a r t i c i p a t i o n  from J o i n t  Task Force Eight were awarded 
@ t o  Dr. R. E. Nakatani, b n a g e r ,  Aquatic Eiology, and Capt. H. W. Casey, 

USAF (VC) (on assignment with Biology) f o r  t h e i r  p a r t i c i p a t i o n  i n  
Operation Dominic i n  1962. 

Profess iona l  Group o r  Organization Assignments 

None 
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APPLIED MATHEMATICS OPERATION 

MONTHLY REPORT - APRIL, 1963 

ORGANIZATION AND PERSONNEL 

Pauline Z. Stewart transferred t o  Theoretical Physics effect ive April 22, 
1963. Rosalie S. Argo has been named as her replacement effective April 29, 
1963 

OPERATIONS RESEARCH ACTIVITIES 

The Reactor Simulation Studies a re  continuing with current emphasis on 
establishing accurate reactor outage ac t iv i ty  data. Discussions have been 
held with personnel from KW and H Reactor areas t o  design data records and 
specifications . 
Work on the  HAPO-Tri-City Model w a s  resumed, 
establish data needs and arrange for  data collection, Additional data is 
being sought from U.S. Government sources, and arrangements w i l l  be made t o  

Discussions were held t o  

col lect  selected loca l  data. 
end of June. 

A f i r s t  crude model should be operative by the 

- .  
*- 

Work on a H A P 0  Structural  lbnctional model is  a l s o  progressing. Conferences 
are being held with production people t o  develop de ta i l s  on production func- 
t ions,  ac t iv i t i e s ,  and resources, 

STATISTICAL AND MATHIEMATICAL, ACTIVITIES FOR OTHER HAP0 COMPONENTS 

N Reactor Department 

Assistance is being given i n  the interpretation of resu l t s  from MERCY runs, 
Recent d i f f i cu l t i e s  have pointed up the need t o  have the variation i n  the 
n 

instruments . true" or base.- values large re la t ive  t o  the  precision of the measuring 

A-study i s .be ing  made t o  see i f  the dianretrically-opposed areas of the  
lateral surface of the NIT and NOT fue l  elements experience different  cool- 
ing rates due t o  convection in t h e  cooling process and/or due t o  the presence 
of hot neighboring fue l  elements i n  the cooling basket. 

Improved techniques for  parameter estimation i n  the veld crack problem 
associated with NPR primary piping are currently being programmed for 
digi ta l  computation. 

1 1 0 3 3 b l  
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I r r a d i a t i o n  Processinp; Department 

Data are being analyzed t o  determine t h e  optimum condi t ions f o r  up-sizing and 
d o n - s i z i n g  t h e  rails f o r  self-supported K-Reactor f u e l  elements which have 
f a i l e d  t o  conform with minimum height  spec i f i ca t ions ,  
ob jec t ives  func t iona l  r e l a t ionsh ips  have been obtained, f o r  both KVE and KVN 
f u e l  element rails, between t h e  mils u p - s i z e d / d l s  down-sized r a t i o  and t h e  
de f l ec t ion  p e r  100 pounds, between the  t o t a l  de f l ec t ion  and t h e  load,  and 
between the  permanent de f l ec t ion  and t h e  load,  

'h 

I n  support  of these  

Functional r e l a t ionsh ips  r e l a t i n g  "R" values ,  which measure t h e  d i s t r i b u t i o n  
o f  o u t l e t  temperatures i n  process  tubes,  with l o c a t i o n  have been obtained f o r  
a number of tubes. 
and magnitude of  t h e  m a x i m u m  o u t l e t  temperature,  

T h i s  cont inuing program is  designed t o  p red ic t  t he  loca t ion  

A polynomial r e l a t ionsh ip  was determined between the  temperature imbalance i n  a 
tube  as measured by t h e  "R" value and t h e  f u e l  element placement wi th in  a tube 
as measured by t h e  e c c e n t r i c i t y ,  
of t h e  quadra t ic  term i n d i c a t i n g  t h e  amount of  incremental  imbalance above t h e  
l i n e a r  e f f e c t  f o r  t h e  l a r g e r  e c c e n t r i c i t i e s ,  

O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  s ign i f i cance  

More y i e l d  va r i ab le  c h a r a c t e r i s t i c s  from t h e  second end bonding tes t  on produc- 
t i o n  f u e l s  have been analyzed, 

Thermocouples were placed in f u e l  element cores  t o  s tudy the  pa t t e rns  of 
accre t ion  and d i s s i p a t i o n  of heat during preheat ing,  s i z i n g ,  and cool ing of 
fuel elements i n  t h e  hot-die-sizing canning process ,  
analyzed t o  provide t h e  average, l i n e a r  and quadra t ic  e f f e c t s  of t he  hea t  as 
measured along t h e  axis of t h e  core as a func t ion  of t i m e ,  The loca t ion  of 
t h e  maximum and minimum po in t s  of heat,  t h e i r  values  and t h e  amount of e f fec-  
t i v e  hea t  f o r  bonding as funct ions of time are a l s o  being determined, 

@ 

These da ta  are being 

A MERCY run was performed and i n t e r p r e t e d  which compared t h e  process tube 
thickness  measurements obtained by a micrometer and an a i r  gage, The e f f e c t  
of d i f f e r e n t  opera tors  was a l s o  assessed, 

Work was continued on es t imat ing  the  amount of var ious  i so topes  i n  process 
tubes.  
s h i p  between t h e  a c t i v i t y  p e r  f o o t  of an i so tope  and t h e  d is tance  along t h e  
process  tube. 
t h e  amounts were more c lose ly  estimated by d i r e c t  numerical i n t e g r a t i o n  of t h e  
data. A problem of concern here  i s  t h a t  t h e  peak i s o t o p i c  a c t i v i t i e s  occur 
somewhat downstream from t h e  peak flux,, 

In all t h e  previous work it w a s  expedient t o  ob ta in  a func t ion  r e l a t ion -  

The most r ecen t  da t a  were.of such i r r e g u l a r i t y ,  however, t h a t  

A discuss ion  w a s  held on t h e  opera t ing  c h a r a c t e r i s t i c s  given by d i f f e r e n t  
sampling p lans  involved i n  t h e  acceptance of Venturi  flow meters. 

A discussion w a s  he ld  on methods of de t ec t ing  changes i n  t he  measurement 
c h a r a c t e r i s t i c s  o f  bond count t e s t e r s ,  p a r t i c u l a r l y  bias , 
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Advice was given on the use of the chi-square t e s t  t o  assess whether there 
are trends in t h e  counting data indicating drifts i n  the  counter, 

Previous work on the rail height specification fo r  self-support K-Reactor 
fue ls  is being extended t o  a consideration of the distribution of minimum. 
annuli under different conditions of fue l  element e l l i p t i c i t y ,  

Chemical Processing Department 

Work continued on t h e  refinement and programming of a mathematical model of 
spare p a r t s  and general inventory controlo 

D a t a  stained cp plutonium metal assay from sample exchanges between four 
laboratories (Hanford, Rocky Flats ,  Los Alamos, and Savannah River) over 
a five-year period were reviewed using analysis of variance techniques, 
During the  five-year period, a highly significant decrease in residual 
variance ("measurement error") occurred, The major source of variation i s  
t h e  Laboratory-Exchange interaction, indicating s h i f t s  in bias between the 
four laboratories both during and between the f ive years examined. 

A similar review was made of the practice of making monthly analytical  bias 
corrections based on data obtained each month from analyses of a standard. 
This review indicated t h a t  t he  current practice of making monthly adjustments 
should be retained, The use of more than one standard wi th  plutonium concentra- 
t i on  at different  levels  w a s  suggested t o  provide a be t t e r  assessment of ana- 
l y t i c a l  bias , 

A review was made of the plutonium material balance in 2-Plant from January, 
1961, through February, 1963, t o  provide an objective basis for  future 
plutonium MUF control. 
Measurements Operation of Nuclear Materials Control. 

Relations and Occupational Health Operation 

Consultation services were provided on the  interpretation of relationships 
between various a t t i tude  survey indices of job sat isfact ion and t h e  magnitudes 
of salary changes over the  past  several years. 

The resul t ing recommendations were presented t o  the  

STATISTICAL AND W E M A T I C A L  ACTIVITIES W I T H I N  HL 

2000 Program 

Pulse Column Faci l i ty  

Further analysis was done on t h e  organic volume fraction prof i le  data from 
a block of 16 runs on the  pulse column. The purpose of the  analysis i s  t o  
construct a family of functions of common mathematical form which express 
organic volume fraction prof i le  in the column, The parameters which identify 

I l 0 3 3 b 3  
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t h e  ind iv idua l  func t ions  i n  t h e  family w i l l  be ex t r ac t an t  stream temperature,  
e x t r a c t a n t  st'rcam ac id  concentrat ion,  feed stream concentrat ion,  feed  stream 
and ex t r ac t an t  stream flow rates, and puls ing  frequency, 
determine t h e  ope ra t ing  condi t ions of t h e  column, 

These v a r i a b l e s  

The EDPM Program which simulates t h e  chemical r eac t ions  between, and t h e  
r e l a t i v e  proport ions o f ,  NPR s t ack  gases  i s  now i n  rou t ine  opera t ion ,  
obtained from t h i s  program should y i e l d  valuable  information about t he  Zirconium- 
Graphite compat ib i l i ty  problem, 

Data 

3000 Program 

Recent tests on meta l l i c  shapes which have been shear-spun from HAPO-designed blanks ~ 

demonstrate tha t  t h e  rather severe dimensional and rad iographica l  spec i f i ca t ions  
can be m e t .  Moreover, t h e r e  is  considerable evidence t h a t  t h e  f i n i s h e d  product is 
super ior  t o  those  f ab r i ca t ed  by more conventional methods, 

Consul ta t ions were he ld  wi th  Plutonium Metallurgy Research on s t a t i s t i c a l  
techniques appl icable  t o  some experimentally obtained data, 

4000 Program 

Mathematical s t u d i e s  on t h e  propagation of son ic  waves i n  layered  e l a s t i c  media 

i n g  and i n t e r p r e t i n g  s i g n a l s  received from nondestruct ive t e s t i n g  devises.  
are continuing. These s t u d i e s  are o r i en ted  toward ob ta in ing  methods of  detect-  

Inves t iga t ions  are under way t o  cons t ruc t  a mathematical model of  t h e  flow 
p a t t e r n  i n  the  p a r t i a l  r e c i r c u l a t i o n  loop of a waste c a l c i n e r  so as t o  study 
t h e  e f f e c t s  o f  s p e c i f i c  design parameters on the  e f f i c i ency  of  t h e  t o t a l  process. 

2000 Program 

Crys t a l  Indexing 

Work progressed on t h e  documentation of t h e  p r o j e c t  t o  index hexagonal c r y s t a l s ,  
The computer program i s  now i n  rou t ine  useo  
run on t h e  orthorhombic program, it w a s  decided the  program, although e f f e c t i v e ,  
w a s  t o o  slow for rou t ine  use. E f fo r t s  a r e  now being d i r e c t e d  toward development 
of a new count ing rou t ine  which w i l l  s i g n i f i c a n t l y  increase  the  speed of t h e  
program. - 

After a v a r i e t y  o f  samples were 

Radiochemical Analysis 

Work continued on improvements and cor rec t ion  of e r r o r s  i n  t h e  new IRA I1 system, 
The system i s  be ing  used r o u t i n e l y  t o  process  radiochemical data. 

General 

A d i scuss ion  w a s  he ld  t o  consider  t h e  incorporat ion of  t he  GEM program and pos- 
e I R A  I1 system philosophy i n  t h e  rou t ine  processing of  a n a l y t i c a l  -!am- 

.... 
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laboratory gamma pulse-height spectra. 
exactly what future needs w i l l  be independent of the exis t ing capabi l i t ies  
of GEM and IRA I1 and then see exactly how completely these needs can be 
met with exis t ing routines o r  modifications of them, 

Assistance was given i n  the  construction of sequential tests of the null 
hypothesis A = l o  c/m against the al ternat ive hypothesis A = l o  
specified a and 8 risks.  

A decision w a s  made t o  outline 

4 

. 
+ Ac/m with 

* A simulation of a system similar t o  the  Radiometallurgy Laboratory was pre- 
pared and debugged. 
GPSS. system as an analytical  tool ,  
t o  gather data fo r  use with a GPSS model, 

The resu l t s  were presented as i l l u s t r a t i v e  of t he  new 
They propose t o  assign one new engineer 

Final s t a t i s t i c a l  details  were prepared f o r  the bi-monthly employee opinion 
survey by R and OH0 personnel, 
adequate for drawing significant conclusions, The second s e t  of returns 
i s  due i n  dur ingthe  first week of May. 

The first set of returns were not found 

CA Bennett:dgl 
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FUNCTOR D-= - 04 PROGRAM 

PLUTONIUM RE(=yCLE PROGRAM 

curium-244 Production 

In the production of Cm-264 as a heat source, it i s  hrportant t ha t  the 
purity be as high a s  possible. 
reactor produced Cm-244 from plutonium has a much higher heat producing 
ra te  (about 50 times greater than (3-214) which can mask the  &I-244 heat 
production, Thus, i n  the investlgatloll of neutron spectra most favorable 
t o  Cm-244 production, it I s  important t o  observe both curium production 
ana purity. 

Curium-242, which always appears with 

An investigation of neutron spectrum effect  on prodiiction and purity has 
been completed fo r  one of the more favor&ble fuellng schemes. 
used was plutonium (%$ Pu-239, 185 Pu-240, 5$ RI-241, and 1s Pu-242) 
enrichment of thorium. Similar results cculd be achieved frcm plutodum 
with u-238 (depleted or  natural) by keeping t h e  feed plutozlum and u-238 
physically separate. 
purity than tha t  frm plutonium mixed l a  u-238, 
Pu-239 I s  formed which eventually increases the Fu-241 corxentratlon and 
results i n  high CD-242 formation via reutron absorption in Am-241 formed 
by decay of Pu-241. 

The scheme 

Either of these methods produces (sl-244 of higher 
Ih the l a t t e r  case new 

The (31-244 production I s  stro-zgly affected by the Plr-242 effective cross 
section which can be imreased by hardening the neutron spectrum 
(increasing the average neutron er;ergy), altholigh the  Fu-240 cross section 
also Increases with harder spectrums. 
Increasing the moderator temperature a d / o r  adjusting the  reactor l a t t i ce .  
ngure  1 i s  a plot  of Ch-244 production ard purity sgalcst fuel  exposure 
for various spectral  indexes (1) a d  moderator ter&?ratures. As the value 
of r or temperature Increases, the spectrum becanes harder. 
seen from these curves that gains In m-244 production and quality can be 
made by hardening the spectrum, 
75 barns at r = 0.05 t o  320 barns a t  r = 0.25, while the Pu-240 cross 
section Increased from 430 t o  1030. 
changed very l l t t l e  over this range. 

The spectrum can be hardened by 

it can be 

The Pa-242 cross section Increased from 

The Fu-239 and Fu-241 cross section 





. ?\ 
- 2  . _  

c 

-I 

. -  

UNCLASSIFIED T-3 Hw-77397 

M s c m t i n g  Cm-244 Price with Purlty 

A8 noted above, the value of Cm-244 is a functiorz of the amount of  Cm-242 
present; but, after discharge fram the reactor, the puri ty  of Cm-244 w i l l  
increase with time because of the short (163 day) Cm-242 half l i f e .  So, 
the price one would pay for  (3n-244 1s dependent on how long a purchaser 
would have t o  hold it before the purity would be acceptable for use. 
Durlngthis  period, the purchaser would pay in te res t  on the purchase price; 
hence, the price upon reactor discharge is discounted by this in te res t  
charge. During the decay period, FU-238 is formed by alpha decay of c$1-242. 
This product also has value and the sel l ing price i s  credited t o  the i n i t i a l  
curium. Hence, the Cm-244 price = ~n-244 price (e 98$ pure) minus net interest  
charges plus TU-238 credit .  
in this manner. Iriterest charges are levred canpounded because several 
years can be involved. 

The "QVrCK" ecoromic code now values curium 

General Fuel Cycle Analysis 

The MELEAGER code wes revised t o  permit a designated r?umber of the fdel  
isotopes t o  be treated as  always in equilibrium with t h e i r  sources. 
w l l l  permit cmputations involviog such i s o t q e s  as  &hour Am-242 without 
increasing computation t ime.  
shielding resonance effects. 
example, the reduced reaction r a t e  of Pu-241 due t o  the absorption of  
neutrons i n  the Pu-239 resonance, which i s  at nearly the  same energy as 
the resonance of Pu-241. 

T h i s  

Provision was also made fo r  ircluding crosg 
T h i s  w i l l  permit consideration of, for 

Calculations o f  the production of fission product strontium, cerium, 
technetium, and prome%hlum for  s l igh t ly  enriched uranium fuel  i n  water- 
moderated reactors are swlmarized i n  3EL51es I and 11. 
were made for  a speciflc power cf 10 megawatts per tea. 
other isotope yields (cesium in particular) and ektension of these 
calculatioas t o  other reactor types and for  various specific powers is  
under w a y .  
fyssion products for  sale. 

. 

These calculatiozs 
Calculations of 

In addition, the QUICK code can now credit  up t o  seven spechfied 

The higher yields of Sr-88 at low exposures re f lec t  the higher f iss icn 
yield of U-235 which i s  predominant in fYesh fue l  versus the lower yield 
Arrm plutonium isotopes which predcani9ate in highly exposed f'uel. The 
lower yield of short half l i f e  isotopes such as Ce-141, on the other hand, 
are due t o  the saturation effect  of high eqosures  (i.e., t h e i r  ra te  of  
decay equals t h e i r  ra te  of production). sr-89 yields are influenced by 
both effects .  The potential  production of isotopes for  decay heat sources 
f'rom fission products appears significant.  

. 
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Code Developnent 

. 
During the  last several months maly modifications km-e been made in the  
MEUhGER-ALRHAFA code. The msehi=le efficiency cjf the code ha8 been 
increased and the readabili ty o f t h e  printouts has been Improved. 
changes have made it oecessary t o  modipY JASON, the l a t t i c e  parameter code 
that provide6 flux weighted c e l l  parameters for  MEWSEFt. These mcdiflca- 
t ions were completed and a version of ZASOX i s  m w  svailable that  is  
compatible with the l a t e s t  versf.cn of the @WEII-A~EH~?IEA c q u t e r  code. 

These 

The "non l/v" factors, g and 8,  used i n  Westco3t's crass section formula 
are  functions of the nelrtron temperature. 
$ =  rzoo (g + rs) where r = spectral  i d e x .  

measure of the ceutron fraction a3ove aa arbi t rary cutoff cmexlt ly  se t  at 
3.68 ktneut. 
and the degree of t.hermal absorption azd scattering. 
tneut a t  each burntip step; hence, the value changes m w  times durirg a 
MELEAGER "run." Therefore, sane cozcise nethod of repreeenti3g the 
temperature dependence must be included i n  the MEUAGER code. Fresently, 
the maximum neutron temperature permitted 13 MELEAGm i s  600 C arid a fcurkh 
order polynomial has been adequate. However, experiments have shown t h a t  
t h i s  function i s  nct adequate for  the rarge of neutron temperatures frm 
20 C t o  1300 C which is contemplated. 

Tfie Westcott fornuLation i s  
Tke s p c t r a l  iridex r is  a 

In  turn, tneut i s  detexnhed *om the moderator temperature 
MELWGER calculates 

The most logical  impmvement i s  merely t o  increase the order of the poly- 
nomial u n t i l  an adequate representaticn is obtained. L%s approach works 
for the g factors; but, because .'a 
600 C places a resonance b e l G w  the cutoff energy, the  8 factor vs. temperature 
curve has a complicated shape, 
for  the resonance effects.)  A twelfth order ply-riomial i s  often required 
t o  give a fit over the 20 t o  1300 C r aqe  tha t  i s  c q a r a b l s  wi th  that of 
a fourth order palpomial i r r  the 20 to 6~ C rmge; A large nmber of 
coefficients a re  unsatisfactcry because :f the additioIial computisg time 
required (i.e., the polyltodal a c t i o n  w i l l  be interrogated some 2000 
times during an average bumw ca lc-da t im)  m d  because additional memcry 
locations must be al lot ted.  
investigated t o  avoid these d i f f l cu l t i e s  -- a Z'ourier se r ies  fit. of 8 and 
a p o l y n d a l  Pit of the rescnazzce integral .  

cases a neutron t e v r a t u r e  around 

(Roughly speaking, the 8 factor accounts 

Two aL3errative m t h d s  are currently being 

The Fourier ser ies  was suggest.ed by the fac t  t ha t  the s factcrs  plotted 
a8 a ftmction of temperature rc&ly resemble the cosine Pxct ios .  
far, the fits by a half-range expansion have been prcrmising; but, because 
a good numerical integration subrcutine i s  lacking, adequate convergerce 
has not been attained. It may be desirable t.0 program the Fourier ser ies  
as a part of the IEMOIV code, which presently computes polyzodal  f i ts  by 
the  least squares technique. 

So 
. 

8 

.. . 
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The second method I s  t o  represent the  resonance integral  as a function of 
temperature tmd -- once established -- calculate the s factor fYw It In 
MELXAGER. The resonance integral  is a smoother function, although It has 
t h e  same general shape as the s factor. 
t ion  can be obtained with as l i t t l e  as a f i f t h  order polynanial. 

It appears that a good representa- 

mcl?l:RAL 

.-- 3i  foisotopic Heat Sources 

-- 

5 view of the  contlnued Interest  In sane of 
~ ~ 2 s  of l e s s  than one year, namely, Ce-144, 
as rcade of  all potential  candidate isotopes 
of 100 days t o  one year. The other c r i t e r i a  

the radioisotopes with half- 
Po-210, and -0242, a revlew 
with half-lives i n  the range 
for selection as applied t o  

the longer-lived Isotopes i n  HW-76323 were retained. Of the 32 candidate 
?-tz?ea only the  three mentioned above (and also discussed I n  JN-76323) 
- _  e5.r t o  have reasonable expectation for production and use i n  multigram 
- 5  -.I r.$ln -.t. 
;:e2 the  alpha emitters Bk-249, cf-248, and Es-252. 

Discounted from the list because of anticipated excessive cost 

.kicxg those Isotopes with half-lives greater than 100 years, only Am-241 
(as  noted I n  HW-76323) has asy potential  as a heat source. 
is, however, low because of the low specific power of about 0.1 watt per 
gram which is below tha t  of even the lowest among the more conventional 

However, the power density of Am-241 (watts 
per cubic centimeter) I s  about the same as that of strontium t i tanate .  
Uthough i ts  present cost puts it far more expensive per watt than today’s 
nost costly material (PU-238 at  $2000 per thermal watt), Am-241 may eventually 

, ‘rscome a falrly cheap by-product of large scale recycle plutonium processing. 

i G e  target  material for the preparation of Qn-242 and a lso  PU-238 vla the 
process based on the &cay of (3n-242. 

This potential  

e- I ccndidates, such.as Cs-137. 

--... -.-A this reason it should not be ccnrpletely discounted. It I s ,  of course, 

n 

WK Woods: jm 
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RADIATION PROTECTION OPERATION 

REPORT FOR THE MONTH OF APRIL 1963 

A,' ORGANIZATION AND PERSONNEL 

Allen R, Maki transferred from Environmental Studies and Evaluation to 
Radiation Monitoring. 
ing to Environmental Studies and Evaluation. 
temporary assignment with Radiological Development and Calibrations. 
H. Davis transferred from Internal Dosimetry to the Physics and Instrument 
Laboratory, 
Utilities to Internal Dosimetry. 

Robert J. Beaver transferred fram Radiation Monitor- 

Mable 
Louise E. N u n  accepted a 

Joy B. Knight transferred from Construction Engineering and 

B. ACTIVITIES 

Occupational Exposure Experience 

An IPD maintenance man received a whole body exposure of 5 r gamma on 

The reactor was shut down to discharge a ruptured fuel element. 
April 17, 1963, while removing a gunbarrel from the rear face of the 105-B 
reactor, 
During the operation, a gunbarrel fell free, exposing the employee to a 
high dose rate, 
presence of at least a portion of the ruptured fuel element in the end of 
the gunbarrel. This incident was formally investigated. 

There were no new plutonium deposition cases confirmed during the 

- @ . 
Inspection of the gunbarrel under water indicated the 

i 
month, 
is 316 of which 229 are currently employed. 

The total number of deposition cases that have occurred at Hanford 

. 
Ten plutonium incidents required special bioassay sampling of personnel 

involved to determine if internal deposition occurred. 
brief description of the more significant incidents. 
now pending. 

The following is a 
Bioassay results are . -  

Three CPD operators were exposed to high airborne contamination in the 
2 3 4 4  Building on April 12, 1963, when a fire occurred in the 12 furnace 
vessel, The fire burned two hood gloves permitting release of plutonium 
contamination to the room. 
immediately sounded the alarm and within ten seconds put on respiratory 
protection. 
tection and entered the room to assist. As a result of the fire, contami- 
nation up to 40,000 d/m was found around the hood and the air sample 
filters initially read 40,000 d/m as measured by a Juno, 
the three employees involved ranged from 8 d/m to 284 d/m. 

The two employees in the room at the time 

A third employee, hearing the alarm, put on respiratory pro- 

Nasal smears of 

UNCLASSIFIED 
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An HL operator, while performing an operation i n  Cell 4 of the  231 Build- 

Exmi- 
ing, received a plutonium contaminated injury. 
bare plutonium he received a cut through the hood and surgeon gloves. 
nation a t  the  plutonium wound counter revealed the presence of 3.1 x loo3 uc 
plutonium and a f t e r  excision 2.4 x loo3 pc plutonium remained i n  t h e  wound. 
No DTPA treatment was given. 

While handling a piece of 

An HI, operator received a plutonium contaminated injury a t  t h e  308 
Building on April 30, 1963,-whilc working with plutonium oxide in  a hood. 
The i n i t i a l  plutonium wound count indicated the presence of 1.9 x l ~ c  
plutonium i n  t h e  wound. An industr ia l  physician scrubbed the wound i n  an 
atttmpt t o  reduce the contamination. 
counter indicated approximately 1.7 x 
excision was performed. 

A recount at the plutonium wound 
uc remained i n  the wound. NO 

Several other incidents of significance not involving plutonium include 

Six HL employees were exposed t o  airborne 1131 while working a t  the 

the  following: 

144-F Building on April 1, 1963. 
studies wi th  1131  on four dogs. 
of 100 yc of 1131 and 4 grams of elemental iodine i n  a chamber. 
forming the operation, they noticed iodine vapors escaping from the 
generator and immediately put on f resh a i r  respiratory equi 
t i on  a t  the whole body counter revealed the presence of I13'f?the thyroids 
of the s ix  individuals ranging from 8 x lom5 
for 1131 i n  thyroid i s  0.7 pc. 

The employees were performing inhalation 
They were generating the  aerosol composed 

While per- 

. Exsmina- 

pc t o  6 x pc. The MPBB 

An IPD fuels maintenance employee who works i n  the 303 Area discovered 
four leather  gloves i n  h i s  lunch box when he arrived home Friday evening, 
Apr i l12 ,  1963. 
before entering h is  home. 
On Monday, April 15,  1963, the gloves were surveyed by HL monitoring per- 
sonnel. Contamination of 50,000 d/m and 1,000 c/m (probably uranium) w a s  
found- on the gloves. 

He placed them in  a sack and washed out h i s  lunch box 
He returned t h e  gloves t o  Security t h a t  evening. 

Autoradiographic examination of a contaminated section of a pair  of 
trousers worn by a CPD employee on April 3, 1963, a t  t h e  202-A Building 
indicated a dose of 40 rads beta and 0.3 r gamma t o  a localized skin area 
(approximately 5 square centimeters), 
splat tered on the  employee's l e f t  trouser leg  while he w a s  holding the  
p l a s t i c  bag containing a process sample. 

'Apparently some contaminated l iqu id  

An HL operator received a localized exposure of 5 rems t o  the hand 
when he removed autoradiograph glass and t r ay  from A Cell  i n  the 327 
Building on April 19, 1963, without benefit of monitoring. The i n i t i a l  

UXCLASSIFIED 
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reading with a TP indicated a dose rate of 25 rads/hour t o  500 rads/hour 

dosimeter recorded a whole body dose of 0.12 r gamma and 0.09 rads beta 
which included any exposure received i n  t h e  previous 27 days. 

b across a 40" length of t h e  autoradiograph tray.  The employee's f i l m  badge 

* 

A c r i t i c a l i t y  alarm l i g h t  appeared on the  panelboard i n  the Patrol  
room i n  the  3706 Building on April 6, 1963. The l i g h t  indicated a c r i t i -  
ca l i t y  alarm had apparently occurred i n  t h e  306 Building. 
Patrol  i n i t i a t ed  the crash alarm system. Investigation revesled tha t  the  
signal l i gh t  w a s  a false alarm and was caused by a short  i n  the telephone 
system i n  the 306 Building when telephone men working i n  the  building acci- 
dentally crossed terminals. 
therefore, no personnel evacuated t h e  building. 

e Consequently, 

The alarm did  not signal i n  the  306 Builddng; 

. .  

A power outage occurred i n  t h e  308 Building on April 8, 1963, as the 
result of work being performed on some dist r ibut ion transformers. 
resu l t ,  t he  vent i la t ion and d i f fe ren t ia l  pressure alarm sounded due t o  t h e  
momentary vent i la t ion fai lure .  
entry was accomplished using standard radiation monitor procedures. 
emergency power functioned effectively,  thus preventing a potent ia l  loss of 
contamination control. 

As a 

A l l  personnel evacuated the  building and rc- 
The 

Environmental Experience 

Average concentration of fa l lou t  materials i n  the  a i r  of the Pacific 
Northwest was 6 pc/m3 - not significantly different  from the average of 
5 pc/m3 observed las t  month. ' *  

One a e r i a l  survey f l i gh t  was made over the proJect waste dispossl s i t e s .  
A significant increase i n  ac t iv i ty  w a s  noted over t h e  200 East and West 
swamps when compared with survey resu l t s  obtained last  winter. 

The following 171 biological, produce, and food samples were obtained 
for radiochemical analysis: 

- M i l k  71 samples 171 gallons 
Oysters 2 samples 4 pounds 
Ground Round 2 samples 4 pounds 
Beef Thyroids 24 se t s  
Fish -51 samples 
Pasture Grass 21 samples 

Stack f i l t e r  samples a t  t h e  327 Building showed an emission of about 
0.16 curie of mixed f i ss ion  products during t h e  period of 8:oo a.m. April 
10  t o  12:OO noon April 11. Ground surveys around the  300 Area d id  not 
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detect any contamination, but the 300 Area 614 Building a i r  f i l t e r  was 
about three times the expected value following the emission. 
cause of the emission was a f i l t e r  t h a t  vas poorly seated. 

The apparent 

Studies and Improvements 

A new sampling location fo r  milk was established i n  t h e  Riverview Area. 
Milk This i s  the  Tedro Dairy, which i r r iga tes  i t s  pasture w i t h  well water. 

and pasture grass w i l l  be collected daily from t h i s  farm, i n  preference t o  
the  Benton City fann used las t  year, because t h e  cows are grazed on t h e  
pasture longer than a t  most other farms. 
t h i s  s i te  l a t e r  i f  existing arrangements prove favorable. 

A i r  sampling w i l l  be s ta r ted  a t  

Studies continued on t h e  uptake of 1131 i n  the  thyroids of volunteers 
who consumed mi lk  from cows fed the I131. The current study is  a t e s t  of 
the effectiveness of increased administration i f  IlZ7 t o  t h e  cow on suppress- 
ing t h e  uptake of 1131 by the cow. 

Work associa$ed w i t h  Columbia River temperatures and flow included: 
additional temperature traverses a t  various locations; ins ta l la t ion  of a 
temperature recorder i n  Hanford slough; preliminazy work w i t h  the current 
meter i n  preparation fo r  refining the curve fo r  flow VS. elevation a t  100 F; 
and requisit ion of edditional instrumentation fo r  temperature and dye studies. @ 

Five man days were spent i n  ass is t ing bacteriologists from t h e  University 

The bacteriologists w i l l  attempt t o  culture columnaris from the f i s h .  
of Washington i n  collecting f i s h  samples from four locations on t h e  Columbia 
River. . 

Modifications were ma-e t o  t h e  X-ray console in* the  3705 Building t o  
permit the use of e i ther  control console wi th  the available X-ray tube heads. 
This provides increased f l ex ib i l i t y  i n  case of an equipment fa i lure .  
film coder used w i t h  t h e  Hanford neutron film badge dosimeter was modified 
t o  provide be t t e r  control of the radiation exposure and t o  permit coding of 
these dosimeters i n  an easier  manner: 

The 

A semi-automatic number selecting and stamping machine was obtained and 
modified t o  provide f o r  heat marking of payroll  numbers o r  c a l l  numbers on 
the  film disc  on t h e  rubber finger r i n g  dosimeters. 
w i t h  the use of t h i s  equipment demonstrated sat isfactory performance. 
Design is now proceeding t o  provide a rap id  method f o r  selecting t h e  
desired numbers from t h e  set t ings on the stamping machine. 
associated w i t h  the use of the  new rubber finger ring dosimeter i s  on hand 
and ready f o r  routine operation. 

Experimental resu l t s  

All equipment 

All of the  s i l i con  diodes exposed t o  t h e  burst  radiation a t  the Sandia 
Pulsed Reactor Fac i l i ty  were read, 
inch showed good performance characterist ics over the dose range from 1 0  t o  

The diodes with base widths of 0.040 

- 
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1500 rads of f i ss ion  spectrum neutrons. 
assigned t o  both the s i l i con  dose measurement and the ac tua l  dose calcu- 
la t ions,  t he  measurements and the calculations a re  i n  good agreement with 
each other. 
dose of about 300 rads. 
Sandia Pulsed Reactor Fac i l i ty  i r radiat ions is being prepared. 

When 10% uncertainties are  

The 0.070 inch diodes begin t o  saturate  after a t o t a l  neutron 
A report  summarizing i n  de ta i l  all aspects of the 

Three room air  samples were obtained from the  234-5 Building for  par t ic le  
s i ze  analysis. These samples were taken during an explosion o r  f i r e  i n  a 
furnace hood t h a t  resulted i n  the release of plutonium t o  the room atmos- 
phere. 
p l a s t i c  and exposed t o  NTA nuclear t rack plates.  
t i o n  of the alpha tracks with a microscope a r e  shown i n  Table I. 

The f i l t e r s  were sealed onto cardboard mounts with 0.45 mg/cm2 
The r e su l t s  from exemina- 

TABLE I 

Alpha Track Analysis of 
234-5 Building A i r  Samples 

Par t ic le  F i l t  c r  2284 F i l t e r  230-B F i l t e r  9B-4 
Diameter* - 'I 

u Part ic les  Activity Par t ic les  Activity Par t ic les  Activity 

0.3 - 0.6 59.7 
0.6 - 0.9 26.8 
0.9 - 1.2 8.5 
1.2 0 1.5 2*9 
1.5 - 1.8 0.8 
1.8 - 2.1 0.8 
2.5 9 3.2 0.3 
3.2 - 4.0 0.3 

8.3 
14.6 
15.1 

-. 11.7 

11.1 
11 -1 
21.6 - 

6.5 

55.2 8e6 

8 .6 17 -3 
30.8 17 -8 

3.0 14.6 
1.9 16.9 
0.2 3.6 
D 9 

0.2 21 e 1  

75.5 10.9 
13.4 7 e 7  
7 *1 12.7 
1.3 5 -3 
0.7 5 -7 
1.0 14.5 
1.0 43.6 
9 0 

The f i l t e r s  were counted i n  the sc in t i l l a t i on  a i r  sample counter before and 
after placing the  0.45 mg/cm2 window over t h e  f i l t e r .  
samples counted 78% of the counting rate obtained without t h e  0.45 -/a2 
covering. The plutonium pa r t i c l e  s i ze  dis t r ibut ion w a s  determined for  an 
air sample received from the  309 Building H-11 system. 
taken downstream from 8 Cambridge-type absolute f i l t e r .  More than 90% of 
the par t ic les  were amaller than 0.5 micron w i t h  an occasional par t ic le  as- 
la rge  as t w o  microns. 

The sealed a i r  

The sample was 

An attempt w a s  made t o  show the l i nea r i ty  of the Li6F neutron spectro- 
meter system as well as measure the resolution and efficiency of the  
spectrometer f o r  various neutron energies from 0.5 Mev t o  5 MeV. It was 

*The pa r t i c l e  diameter w a s  calculated assuming the material  was spherical 
Puoz . 
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determined t h a t  the efficiency fo r  4.15 Mev neutrons was 5 . 5  x IO-’ and 
the  resolution was bet ter  than 8%. 

Plutonium bioassays’requesttd by the AEC for  Nevada Test S i t e  people 
were completed. The resu l t s  were l e s s  than 0.05 d/m. 

The 300 Area Emergency Plan was updated t o  r e f l ec t  organizational changes 
i n  Production Fuels and NPR Fuels sections. I n  addition, a guide f o r  300 
&ea management and supervision, t o  assist i n  training of personnel i n  the 
event of a c r i t i c a l i t y  accident, w a s  added t o  the plan. Detailed instruc- 
t ions  t o  guide the Area Bnergency Director were also prepared and will be 
issued t o  t h e  Area Ebergency Director and al ternates  as a supplement t o  the 
300 Area Emergency Plan. 

C. RELATIONS 

Four suggestions were submitted by personnel of t h e  Radiation Protection 
Two suggestions were adopted; three suggestions Operation during the month. 

were rejected. One suggestion i s  pending evaluation. 

Safety meetings were held throughout t h e  Section during the month. 
Topics discussed or  covered included: 
safety,  acid s p i l l s ,  and cancer (fi lms).  
carried out. 

t he  SL-1 incident (film, vacation 
Housekeeping inspections were also 

Two radiation protection orientation lectures were given t o  20 laboratory 
Radi- personnel and ta lks  were given t o  three Biology and two CPD employees. 

a t ion monitoring problems at  Biology were discussed with f ive  IPD monitors 
on tour,  Typical contamination incidents a t  HAP0 were described t o  eight 
employees a t  t h e  Experimental Animal Farm at  a safety meeting. A t a l k  on 
the new Hanford film badge dosimeter was given t o  the Metallurgy Develop- 
ment employees at the 231 Building. 

A t ra ining session w a s  held fo r  RPO people t o  acquaint them with emer- 
gency operating procedures i n  the  whole body counter. 
pated i n  t he  exercise. 

Six  employees par t ic i -  

E. C. Watson gave a report  on h i s  recent t r i p  t o  India ( IAEA Symposium 
on Si t ing Cr i te r ia  fo r  Nuclear Plants) ,  France and England t o  the RPO infor- 
mation meeting on April 9, 1963. 

J. K. Soldat gave a report on the  AEC meeting on I’31 monitoring held 
in La8 Vegae, Nevada, t o  t h e  RPO information meeting on April 9, 1963. 

External Dosimetry personnel toured the  105-KE reactor. Thirty radi- 
a t ion monitors from IPD toured the 3705 Building. 

UNCLASSIFIED 
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' D. SIGNIFICAIOT REPORTS 

HW-71710 REV - "The Hanford Crit ical i ty  Dosimeter" by P. E.  Bramson. 

HW-76525 - 3 - "Radiological Status of the Hanford Environs for March 1963" 
by R .  F.  Foster. 

P.  C. Jerman, R. E. Roberts, and J. W .  Vanderbeek. 
HW-77274 - - - "Burial of Hanford Radioactive Wastes" by G .  E.  Bacban, 

HW-77492 - - "Monthly Report for A p r i l  1963 - Radiation Monitoring Opera- 
tion" by A. J. Stevens. 

UNCLASSIFIED 
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS 

External Exposure Above Permiesible Limits 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 

Dosimeters Processed 

- . ’  . . .  m-77397 

Apri l  1963. 
1 1 
0 0 
0 0 

7,322 26,300 

Hanford Beta-Gamma Film Badge Dosimeters 

Film Processed 
Results - 100-300 mads - 300-500 Mads - Over 500 mrads 
Lost Results 
Average Dose per Film Packet - m a d  (ow) - (SI 

Hanford Neutron Film Badge Dosimeter 

Slow Neutron 
Film Processed 
Results - 50-100 mrem - 100-300 - Over 300 mrem 
Lost Results 

Fast Neutron 
Film Read 
Results - 50-100 =em 

= 100-300 WUP - Over 300 mrem 
Lost Results 

Hand Checks 

Checks Taken - Alpha - Beta-Gamma 

Skin Contamination 

Plutonium 
Fission Products 
Uranium 
T r i t i u m  

9,921 37,500 
15 5 64 2 
10 71 
1 16 
8 93 

5.6 5.9 
27.5 32.1 

1,802 6,675 
0 4 
1 2 
0 0 
9 51 

453 1,648 
166 17 

27 363 
0 4 
11 32 

38,403 149,964 
63,195 ’ 242,298 

13 96 
23 151 
0 0 
0 0 

UNCLASSIFIED 
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Whole Body Counter 

Subj ec t  

b 

* 
GE Employees 

Regular 
Incident Cases 
Terminations 
New Hires 
Special Studies 

. 

Non-Xhployees 
Children 
V i s  it o r  s 
Environmental Studies 

Bioassay 

G-9 Hw-77397 

Number of Examinations 
347-A WBC 1963 Mobile WBC p63 

57 
35 
4 
35 . 
65 

0 
6 
0 

202 
- 

Current 
Analysis Reporting L i m i t  

Plutonium 2.2~1018 uc/sample 
Fission Product 3 . I . x ~ O ' ~  uc/sample 
Strontium 3 .l~10'~ uc/semple 
T r i t i u m  5.0 uc/ l  ' 

Uranium 0.14 l ~ g m / l  
Special Studies 

Calibrations 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

Personnel Meters 
Badge Film 
Pencils 
Other 

215 

23 
- 4 1  
140 

61 

1 
9 

& 
Results Above 

Reporting L i m i t  Samples Assayed 
1963 Apri l  Apr i l  1963 

80 409 577 2,816 
7 32 551 2,713 
0 0 0 0 

204 587 277 1,028 
0 0 237 613 
0 0 9 238 

Number of Units Calibrated 
Adril 1963 
1,092 
279 
585 
188 
111 

2,255 
- 
972 
150 
348 

1,470 

4,215 
1,083 
2,261 
799 
4 21 

8,779 

3,140 
5 5 5  
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Number of Units Calibrated - -~ . 

April 1963 . 
Miscellaneous Special Services 
Total Number of Calibrations 

5,755 
9,480 

AR Keene: RFF:ljw 

8,608 a 

22,248 

RADIATION PROTECTION 

UNCLASSIFIED 
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ACCOUNTING 

Cost Accounting 

Following a review with Division of Reactor Development personnel in Washing- 
ton-AEC on April 18 and 19, and incorporation of t he i r  recommendations in the 
research and development proposals, the Hanford laboratories' Budget for FY 
1965 and Revision of Budget for  FY 1964 is complete. A booklet summarizing 
the submission will be issued i n  M a y .  

An analysis of Irradiation unit fund requirements for  FY 1963 was submitted 
to RLOO-AEC. 
March 1, 1963, on long-term (loop) irradiations,  it i s  estimated t h r r t  costs 
b i l led  t o  HAP0 will be $331,000 greater t h i s  f i s c a l  year than O r i g l n a U y  
anticipated. 
by $325,000 as detailed below. 
financial plan revision, ref lect ing current f'unding requirements, w i l l  be 

A s  a resu l t  of a rate increase from $15 t o  $25, effective 

Revised requirements exceed the current Financial Plan (No. 5) 
RLOO-AM: has been sdvised by 100-AEC that a 

prepared i n  the near future. 
4 

i -  
i 

i .  
! 

(Dollars in thousands) 

Irradiation U n i t  Charges 
Fund Requirements for  FY 1963 

02 Rowam 
- Metallurgical Development 

Reactor Technology Development 

04 Program 
Bcperimental Cas Cooled Reactor 
Gas Cooled Reactor - Other 
Reactor lbels & Materials Development 
Plutonium Recycle Test Reactor 
Plutonium Ccramics Research 

05 p r o ~ m  
Metallurgy & lkterials Research 

To ta l  

Financial Revised 
Plan No. 5 Estimate 

$ 300 

3 
60 

205 
1 240 

150 

2 

92 322 

(Over) Under 
Mnancial 
Plan No. 5 

(6) 

Program codes were established for  internal  use t o  record the portion of Pro- 
j ec t  Whitney (UCIRL) scrap recovery costs generated by Hanford laboratories 

UNCXASSIFIED 
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in converting scrap plutonium to oxide. These costs will be added to those 
Incurred in subsequent scrap reclamation performed by CPD to comprise total 
scrap recovery costs billed to UCIRL. The new codes are: 

Rogra~i 
Code Title - 
93 
94 Scrap Recovery-abrication 

Scrap Recovery-Research and Development 

In response to an AEC request, cost information relative to Computer Research 
and Development, and Mathematics and Rogrannniag Research performed by Ban- 
ford Laboratories was developed. The effort within Hanford Laboratories I s  
devoted entirely to mathematic and progrannning theory. Estimated costs for 
the four fiscal years covered in the request are: 

Fr 1961 $ 5 5  000 
FY 1962 $94 000 
FY 1963 $120 000 
FY 1964 $152 000 

General Accounting 
-I 

Following is the status of letters seeking AEC concurrence in certain actions 
not directly covered by the Prime Contract: 

AT-289 AEC Monowaph on "Radiation Effects on Approved with 
Structural Materials" (S. H. Bush) qualifications 

Work authorized by letter under Agreement AT-6, with date of acceptance is 
described below: 

Participation in University of Washington Summer Institute 3 -29 -63 

Coordination of US-Japanese Ceramic m e l s  Information 
Exchange 3-29-63 

Plutonium Inhalation Studies (Kirtland Air Force Base) 4-15-63 

A comparison of travel activity Kith prior periods is shown below: 

Number of Trips Started April FY to Date 

m 1962 130 966 
fl 1963 143 1122 

./ UNCLASSIFIED 
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The folloxing revised OKs were issued during A p r i l :  

. 
OPG lb. Title - 

m-77397 

55-1-3 Distribution of Salary Checks, US Savings Bonds and 
Custody Receipts 

22.1.5 Biology Laboratory 

66.3 

2.2 Organization Announcement 
7.9 (p. 17) Control of Top Secret Documents 

306.3 Release of Information t o  the Public 
Rnployee Patent and Confidential Information Agreement 

W o r d  Laboratories' material investment a t  April 1, 1963, totaled $26.2 
milllon as detailed below: 

(In thousands) 

SS Material 
Reactor and Other Special Materials 
Spare Parts 

$24 737 
1 230 

(1- Includes a reserve of $79,348. A t  April 1, 1963, the  
Hanford Laboratories' spare par t s  reserve balance 
exceeded the required 25$ by $11,514; adjustment w i l l  
be made during June's business. 

The value of nuclear material consumed in  research by Hanford Iaboratories 
this f i s c a l  year t o  April 1, 1963 i s  $3.4 million comprised as follows: 

02 Program 
03 program 
04 Program 

( In  thousands) 

$1 000 
973 u 

LLSi 
A report of results for  the  quarterly inventory of Other Special Materials 
in custody.of 101 material holders as of March 31, 1963, disclosed a net 
shortage of 6 grams of platinum. 
the  recent contamination incident which occurred i n  the 325 Building and 
i s  being writ ten off by Property Msposal Request HL-149-63. 

011 April 17, 1963, 16,556 pounds of heavy water scrap material valued a t  
$207,961 were shipped t o  Savannah River. 

The shortage i s  at t r ibuted primarily t o  

9100 calculations on a shipment 

1 1 0 3 3 8 1 r  
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made i n  March Indicated receipt of 22,362 pounds which was 94 pounds higher 
than the HAP0 computed shipping weight. However, t h i s  94 pound difference 
is the  smallest yet encountered, and is due t o  improved PRTFl cleanup f a c i l i -  
ties. A credit  t o  cost amounting t o  $1,291 was made. The estinnted heavy 
water inventory a t  the end of April shows a loss of 1,594 pounds amounting 
t o  $22,013. 
2,&5 pounds result ing in an estimated $4,391 charge t o  cost. 

Laboratory Storage Pool ac t iv i ty  is  summarized below: 

Estimated heavy water scrap generated during the  month was 

Equipment 
Current Month FY t o  h t e  

Quantity Value QuantiQ - Value 

Beginning &lance 1 180 $716 671 lo81 $ 562 200 
Items Received i21 53 501 1210 664 858 
Items Reclaimed by Cus- 

todians (12 1 (7 687) (145 1 (183 127) 
Equipment Bansf er s (12) (10 584) (194 1 (73 530) 
Items Msposed of by PMI (122 1 (16 850) 
Items Disposed o f  by Excess (553) (160 385) 
Adjustment (41 265) 

$751 901 $ 751 901 -1) 

(1- Includes 123 items valued a t  $98,687 on loan a t  April 30. 
’ 

During the month, 29 items valued a t  $29,068 were loaned and/or transferred 
i n  l i e u  of purchases. 
redirected t o  useful purposes t h i s  f i s c a l  yew.  
same period was $13,348 indicating a net saving of $150,200 this f i s c a l  year. 

A t o t a l  of 307 items valued a t  $163,548 have been 
Operating cost for the 

lb ta l  investment of equipment and material i n  custody of the Laboratory 
Storage Pool a t  April 30 i s  $1.3 million, including Reactor and Other Special 
Materials valued a t  $338,847 and other materials valued a t  $240,364. 

Action occurred during the month as follows 03 projects indicated: 

New Money Authorized Hanford Laboratories 

W-958 Plutonium mels Testing &d Evaluation Laboratories $18 500 
CGH-g92 Additional f ie1 Loading Eqpipment go 000 

Physical Completion Notices Issued 

CAH-936 

CAB-963 

Coolant Systems Development Laboratory, 1706-KE 

Geological and Hydrological Weus - FY 1962 
M l d i n g  Addition 

- 
UNCIASSI FIED 

I 1 0 3 3 8 5  



1 

.. 

I 

. -  

UNCIASSIl?tED H-5 m-77397 

Construction Completion and Cost Closing statements Issued 

m-866 
CAH-888 
m-936 

CAR-963 

The following 

CA-384 

Shielded Analytical Laboratory, 325-B Building 
Biology Laboratory Improvements 
Coolant Systems Development Iaboratory, 1706-KE 

Geological and Hydrological Wells - FY 1962 

contracts were processed during the month: 

Building Addition 

Rrookhaven National Laboratories, Associated 
Universities, Inc 

D I X - U O  Suppl. 3 Batteiie Memorial In s t i t u t e  
SA-269 Geophysical Service, Inc. 
a-277 Crane Hoist Engineering Corp. 

Late i n  the month, Contract Accounting Operation advised there were $28,000 
unencumbered miscellaneous capi ta l  vork order funds that could be used by any 
HAP0 component cn a " f i r s t  come-first served" basis. Hanford Laboratories 
Fmmediately processed work orders i n  the amount of $22,112 with the under- 
standing that should some emergency o r  higher pr ior i ty  work arise a t  HAPO, 
certain Hanford Laboratories work might be delayed. 

Personnel Accountin& 

February, March and April Salary Review merit increases plus retroactive 
adjustments for  the February and W c h  increases were included i n  April 
salary checks for  131 exempt employees. 

(3 '*. . 

The following retirements were effective during the month: 

Genevieve P. mans Optional Retirement 5-1-63 
Grace J. Grantham Optional Retirement 5-1-63 
Marie P. Rose Msabi l i ty  Retirement 4-1-63 

Patent awards made during the mopth: 

L. A. Bray HWIR 1580 Solvent B t rac t ion  Process for  Recovery of 
Cerium, Strontium, R a r e  Earthe, and Cesium 
from Radioactive Waste Solutions (CSRM 
Process). 

He H. Van lbyl HWIR 1535 Improvement of Strontium Sulfate Precipita- 
t ion  Process. 

J. J. IIauth HWIR 1512 Remote Fabrication of Ceramic Nuclear me1 
Element 6 

1 1 0 3 3 8 b  
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L e  J. ICoChm lIwIR 1457 An Improved Personnel Film Badge Dosimeter 
to Determine Mixed Radiation m a r e s .  

Personnel statistics follow: 

Number of Hanford Laboratories Employees 
Changes During W n t h  Total Exempt Nonexeppt 

Bnployees on payroll at beginning of month 1647 699 94s 
16 

10 13 
951 

Additions and transfers in '28 I 2  
Removala and transfers out 

Employees on payroll at end of month 

Overtime Payments During Month 

Exempt 
Nonexempt 

Total 

Gross Payroll Paid I)urixq Month 

Exempt 
Nonexempt 

Total 

April M m c h  

$ 6 143 $ 8 145 

$ 692 299 $ 667 024 

Participation in Ehployee Benefit April March 
Plans at Month End Mrmber Percent Number FexcerLt 

Pension 1477 99.4 1 415 99.4 
Insurance Plan - Personal 396 437 

- Dependent 1 247 99.8 1 241 99.9 u. s. savings Bonds 
Stock Bonus P lan  158 43 .O 155 42.6 
savings Plan 67 4.1 67 4.1 
Savings and Security Plan 1 136 88.2 1 141 88 .? 

Good Neighbor Fund 1 183 71.5 1 178 71.9 

Insurance Claims 
Ehployee Benefit a Number Amount Number Amount 

Life Znsurance 0 $ -0- 0 $ -0- 
Weekly Sickness and Accident 14 798 11 629 
Comprehensive Medical 81 4 376 72 3 922 

Comprehensive Medical & u 763 120 io 433 
Dependent Benefits 

Total 

UNCLASSIFIED 
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Rnployee Relations 

One hundred and sixty-three Tuition Re- psyments were processed. 

Thirty nonexempt requisitions were f i l l e d  during the month; 34 remain to be 
f i l led . - 

Suggestion plan ac t iv i ty  showed 52 suggestions received, 55 adopted, 24 
rejected and 147 i n  process a t  month end. 
from March i n  the number of suggestions remaining i n  process a t  month end. 

Notable was a 154 decrease 

Information and Presentations 

=&e s t o r y  b e t h d  the CmEX process - the recovery of Cesium, Cerium, Stronti- 
um and Rare Earths from waste solutions - will be released t o  the business and 
techLical press early i n  May. 

Visitors Center act ivi ty  is sunrmarized below: 

Apr i l  attendance 1 822 
Average attendance per day open 
b? i la t . ive  attendance since 6-13-62 
Corducted groups 

86 
41 847 

19 (totaling 746 people) 

Docunent. Information flow during the month was comprised of 1,794 t i t l e s  
(12,375 copies) received a t  Hanford and 58 t i t l e s  (5,351 copies) sent off-  
s i t e .  

A classif icat ion document containing guidance on tritium was prepared and dis- 
tr ibut ed . 
Proposed changes i=i the  c lassi f icat ion of re la t ive  neutron spectra and re la-  
t i v e  neutron distribution i n  Hanford Production Reactors were submitted to  
the Rux) classif icat ion off icer .  

Plant tour activity: 

General h b l l c  Relations lburs 
Special l b u r s  

Number T o t a l  People 

14 407 
9 148 

I 

UNCLASSIFIED 
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Professional Placement 

Advanced Degree - Flfteen Ph.D. applicants vis i ted HAP0 for  employment inter- 
views. Six offers  were extended; four rejections were received. Nine offers 
a re  currentiy open. 

BS/MS (Mrect Placement) - Seventeen offers  were extended. 
and six rejections were received. 

Eight acceptances 
Flfteen offers  are currently open. 

- Flfty-nine offers  were extended. W r t y - f i v e  acceptances 
were received. Current open offers  t o t a l  99. 

Technical Graduate Program - Seven Technical Graduates were placed on per- 
maneat amipnment. Six new members were added t o  the roll. Current Program 
member6 tot&. 40. 

FACILITIES ENGINEEXIING 

Projects 

A t  month’s end Faci l i t ies  Engineering Operation was responsible for  eight 
active projects having t o t a l  authorized funds i n  the amount of $6,260,500.. 
The t o t a l  estimated cost cf these projects i s  $7,595,000. 
through March 31, 1963 were $571,000. 

The folloving rmmmaPizes project act ivi ty  i n  Aprii: 

Ekpendltures p3 “-7 

a 

Number of authorized projects a t  month end .................... 8 

&oJecta awaiting a approval ................................ 3 
CAH-985 - Addition t o  the 222-U Building 
CAH-986 - 300 Area Retent.ion Waste System Ekpansion 
CAH-100 - High Temperature Lattice Test Reactor 

Project proposals complete or nearing completion -------------- 3 
M-999 - Pu Recycle Cr i t ica l  Faci l i ty  Conversion t o  

PRTR Storage Basin and Experimental Fac i l i t i es  Modifications 
Heat !hansfer Apparatus for  Model Studies 

Light Water 
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The current status of projects authorized o r  awaiting approval is: 

CAH-916 - Rxls Recycle P l lo t  Plant - Construction bids were opened on 
April 10, 1963. 

t iona l  required f'unds have been made available and w l l l  be held i n  
reserve by Washington-AEC until  needed. 
t i on  contract Will be awarded early i n  May. 

The low bid was $4,448,000 by Halvorsen Construction . Company. The Government fair cost  estimate was $4,075,000. The addi- 

It now appears that the  construc- 

CAB-922 - Burst Test Faci l i ty  fo r  Irradiated Zirconium Tubes - The Commission 
reauested the  RLOO-AEC construction service contractor t o  submit an e s t a t e  

- 
o f c o s t  fo r  performance of t o t a l  construction of t h i s  project based on sub- 
contracting as much o f t h e  work as i s  reasonable t o  a fixed-price contractor. 
A coffer dam for  the  wet storage basin i s  being b u i l t  by the J. A. Jones 
shops. Work has been completed on the concrete loading dock, re ins ta l l ing  
the dock roof, backfilling the process sewer l i n e  and s ta in less  s t e e l  c r ib  
waste drain l i n e .  

CAI1-958 - Plutonium Fuels Testing and Evaluation kbore to r i e s  - 308 Building - 
A direct ive was issued on April  9, 1963, extending-the direct ive completion 
date t o  October 15, 1963. 
fund5 t o  perform n t l e  I11 services and t o  procure the  metallograph. J. A .  
Jones Company i s  t o  perform the construction work upon authorization by the  

v 

Procurement by the General Elzctr ic  Company i s  continuing. 

A revised work authority authorized the Company 

" 9 ep- - Commission. 

CAR-962 - Low Level Radiochemistry Building - Commission and Company repre- 
sentatives visi ted the  Architect-Engineer's o f f ices  i n  Sea t t le  t o  review 
ear ly  preliminary design concepts. Several important design features affect-  

* ing costs  were evaluated. 

CAH-977 - Fac i l i t i e s  for  Radioactive Inhalation Studies - Design of this 
project has been awarded t o  Grey and Ostorne Consulting Engineers of Y a k i m a ,  
Washington. 

CAII-982 - Addition t o  the Radionuclide Fkci l i t i es  - lhl-C Building - The 
design c r i t e r i a  and scope drawings were transmitted t o  the Commlssion on 
April 24, 1963 for approval. 

. ' -  

CAH-985 - Addition t o  the  2 2 2 4  Buildinq - The Commission has taken no further 
action on th i s  project.  
ab i l i ty  of FY 1963 General Plant Project funds l a t e r  t h i s  f i s c a l  year. 

The date of authorization w i l l  depend on the avai l -  

m-986 - 300 Area Retention Waste System Ekpansion - No f'urther word has 
been received from the Comlssion since added Information was provided by 
the Compcqr. 

UNCLASSIFIED 
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CGH-992 - Additional Fuel bading  Equipment - 308 Building - A modification 
t o  the directive authorized the Company t o t a l  project W s  i n  the amount of 
$165,000. 
has been started, and procurement is continuing. 

Equipment relocation has been completed, excavation for the p i t  

CAH-995 - 309 Building Air Conditioning Modifications - Design is approxi- 
mately 70 percent complete. Purchase orders for  a l l  major pieces of engi- 
neered equipment .have been placed. 
reviewed. 

Bids on the  water ch i l le r  are  being 

CAH-999 - Plutonium Recycle C r i t i c a l  Facil i ty Conversion t o  Light Water - 
The project proposal is awaiting approval by.the KAPO General. Manager. 

CAH-100 - High Temperature Lattice T e s t  Reactor - The project proposal was 
transmitted t o  the Commission on A p r i l 1 8 ,  1963. 

Engineering Services 

Engineering service work was provided t o  research and development personnel 
a s  requested. 
assistance on the C - 1  Loop, (2) preliminary design of PRCF conversion t o  
l i g h t  water, and (3) design assistance on the 314 building pressure bonding 
autoclave. 

Specific jobs in progress are: (1) design and fabrication 

Pressure Systems 

Engineering reviews and surveillance of pressure systems continued. 
piping systems i n  325 and 329 buildings a re  being audited for  code confor- 
mance. 
cedures recomended. 
of piping for nuclear systems. 

The 

The breathing a i r  system i n  141-C  was reviewed and operating pro- 
A revlew was made of the AEC directive for  marking 

Plant Engineering 

Consulting service was provided t o  maintenance end operating forces. &eCi- 
f i c  Jobs active during the month were: 
s t a t i c  pressures i n  325-A and consultation with radiation protection person- 
nel, (2) completion of instal la t ion and t e s t  of double f i l t e r  boxes a t  
325-A, (3) completion of design and investigative work for  repair  of 308 
condensate and steam piping, (4) investigation and start of design for 
equipment for  remote f i l t e r  handling for  327 building, (5) design of a 
diesel  generator unit for th i rd  e lec t r ica l  system for  emergency operation 
of one 325 building exhaust fan, (6) modification of 326 building e lec t r ica l  
equipment t o  eliminate undercapacity, (7) power usage forecast for  FY 1964, 
and (8) design for  repair of Rattlesnake Springs dams. 

(1) review of air  f l o w  patterns end 
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Major items of trouble shooting during the month involved: 
the emergemy fan switchgear i n  325 building, (2) failure of a 20-T air  
conditioning unit i n  326 building, (3) review of the process sewer overflow 
i n  306 building, and (4) review of noise problem in 325 building. 

(1) failure of 

l b c i l i t i e s  Operation 

Landlord costs for  March were $201,266, which is l l 5  percent of the forecast 
for  the month. 
$1,492,095, which is  97 percent of the predicted. 
ment maintenance was $40,893 as comparpd with $15,000 forecast. 
was $37,924 as compared with $35,000 predicted. 
tinued well above the anticipated $14,000. 
ments a s  of mid Apr i l  w e r e  such that no further improvement work was scheduled 
for  th i s  f i s c a l  year. 
w i l l  be adequate. 

The following tabulation summarizes waste disposal operation: 

The t o t a l  cost t o  date for the f irst  three quarters i s  
D u r i n g  this month, Improve- 

Steam cost 

Improvement maintenance c o a t -  
m i n e e r i n g  a t  $26,483 con- 

Ecpenditure forecasts indicate budgeted fUds probably 

Februaxy March 

Concrete barrels  disposed 20 12 
Crib waste gallons 220 000 220 000 
badluggers of d r y  waste 29 28 

The #l trench a t  a 6  BC i s  almost full and the #2 trench i s  about ready for 
use. 

AU. analytical  work i s  performed a t  PRTR water laboratory. 
determinations made by 329 building analyt ical  have been discontinued. 

Physical t es t ing  on waste t r a i l e r  #8g8 reveals it i s  i n  good condition. 

The confirmatory 

An unscheduled e lec t r ica l  outage i n  325 building on A p r i l  8 revealed weaknesses 
i n  the transfer circui t ry  which have been corrected. 

Reparations have been under xay for a complete ventilation outage the week- 
end of May 3. 
t o  provide steam and emergency power a t  the exhaust plewm and fans. Plans 
have been developed integrating the a c t i v i t i e s  of Safety, Radiation Mod- 
toring, IPD and W o r d  Laboratories Maintenance, Waste Msposal and Decon- 
tamination, Building Operation and Fgci l i t ies  Engineering personnel as well 
as those of building occupants. 

Access panels have been installed,  and u t i l i t y  l i nes  instal led 

. I  
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The equivalent of 119 drawings were completed during the month for an 
average of 28 man-hours per &axing. 

k j o r  jobs in progress are: 
(3)  PRlR cladding cutter assembly, (4) PRTR process tube and fuel  handling 
carriage, (5) 108-F inhalation studies hood, (6) ecruipment f o r  salt-cycle 
process - 325-A, (7) as-built drawings - control panel c r i t i c a l  mass lab, 
(8) vacuum welder - 306, (9) fuel element molds - 306, and (10) scope design 
of fast super c r i t i c a l  pressure power reactor. 

Bvay Engineers performed 69 man-hours of work during the month and w e r e  
assigned 149 man-hours. 

(1) PR!CR as-bullts, (2) PRTR shim rod control,- 

-. 

No work was assigned or performed by CE&UO. 

Construction Supervision 

Activity during the month on construction work (J. A. Jones Compw) being 
performed f o r  Hanford Iaboratories components i s  given below: 

Waste 
Unexpended Calcination 

BlSlance (Job 7005). 

Orders outstanding beginning of month $151 100 $275 400 
Issued during the month (inc. suppl. 

and adj.) 272 350 
J. A. Jones expenditures during month 

(incl.  C.O. costs) 129 800 51 700 
m c e  a t  month's end 293 650 223 750 
Orders closed during month 100 000 

In addition, work on four  maintenance work orders having a t o t a l  face value 
of $6,716, issued t o  plant forces, was supervised. 

Major nonproject jobs i n  progress are: (1) crane safety inspection, (2) 
108-F plant growth room, (3) 108-F rooms 402 and 403, (4) 108-F room 405, 
(5) 216 new waste crib, (6) 2 3 - 2  intercommunications system, (7) 306 
canning line lighting, (8) 306 and 3746 - remove and replace roofs, (9) 
309 - install gas loop heater, (10) 309 radiation shielding, (ll) 309 
annunciator system, (12) 309 concrete slab and equipment, (13) 309 piping, 
valves and e lec t r ica l  work, (14) 309 e lec t r ica l  cable t o  pole #16, (15) 309 
emergency pump low speed controllers, (16) 314 mock-up equipment, (17) 3U 
hatchway in canyon roof, (18) 321 control room, (19) 325 s/s exhaust duct 
and f i l t e r  boxes, (20) 325 exterior stairway t o  roof, (U) 325 room 407 
and 407-A, (22) 325-A double f i l t e r  boxes, (23) 326 duct work, (24) 327 
demineralizer, (25) 329 laboratory ll-B, (26) 340 f i l t e r ,  (27) 3706 pa r t i -  
t ions and l ighting, (28) 325 blower, and (29) 3718-A & B heavy duty racks 
and pallets.  
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Six purcham requisitions totaling $19,000 were Issued during the month. 
Total value of equipment being processed i s  $110,000. 
E lists were issued for Waste Calcination, Project CAB-922, CGH-992, and 

New or revised M & 

C G H - 9 5  

W SaJ.e:whm 

- .  
.- 

1 1 0 3 3 9 4  

Manager 
Flnance and Administration 

UNcIAssInED 
. - .  . . . - -  



UNCLASSIFIED 
&'3 1-1 Hw-77397 : 

I 

L '  

Plutonium Recycle Test Reactor 

Operation 

Reactor output fo r  April was 545 MWD, f o r  an experlmntal time efficiency 
of 49$ and a plant efficiency of 31.34. There were two operating periods, 
both of which were terminated manually; one was a scheduled shutdown for 
fuel transfers and the other was due t o  "leaker" indication of fuel 
e lemnt  5174. 

The core loading on April 1 consisted of 19 U+ elements, 22 Fu-A1 
elements and 44 mixed-oxide elements. 
consisted of 19 U@ elemnts ,  14 &-A1 eleolents and 52 mixed-oxide 
elements. 

A t  the end of the month, the core 

Fuel exposure history a t  month-end was: 

Maximum 

Average 

Maximum 

Average 

vk%imum 

Average 

The status 
Those t e s t  

U$ exposure/element 3166 MWD/TU 

U% exposure/elemnt 2162 m / m  
Pu-A1 exposure/element 81.5 MWD 

Ar-A1 exposure/element 6393 MW? 

Moxtyl exposure/element 55.6 MwD (ml112 W/TU) 

~ ~ x t y l  exposure/element 

of the various test e lemnts  on April 30, 1963, is shown below. 
elements which had reached t h e i r  assigned goal exposure or had 

32.2 MWD (-644 f.IwD/TU) 

been permanently discharged f o r  other re880218 prior t o  April 1, 1963, 
have been deleted from t h i s  table.  

UNCLASSIFIED 
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PRTR b l  
e s t  Channel Elenent - No. Location Number Description 

10 Basin 1082 UOZ-Hot Swage 
LO Basin 1067 U@-Vipac 
13 Basin 5094 Pu-AI. Fhysici 
14 1956 5097 Moxtyl-Swaged 
14 1356 5098 Moxtyl-VipaC ' 

14 1758 50% Moxtyl-VipaC 
37 1449 1096 U%-Physic~ 
37 1649 1097 uo;! -%yS i C 6  
37 1552 1098 V& -Phys i cs  
37 1548 1099 U~-Phys ics  
37 1651 1100 uo~-mys ic s  
48 1243 5150 Moxtyl (Px~" pads) 

5116 Moxtyl clip-on pads 
54 &sin 5117 Y a x k y l  clip-on pads 

5118 Moxtyl I clip-on pads I 54 1948 

61 Basin 5174 Moxtyl-Physics 
54 1459 

61 1756 5176 Moxtyl-Physics 

h t e  Approximate 
I n i t i a l  Date D i s -  Accmlated 
Charge charged MWD 

11/3/61 3/26/63 85.3 Defect. 
w 3 /  61 3/26/63 88.3 

86.5 a t  gaal 
repad 27.5 -- repad 55.6 
repad 50.5 -- 60.5 

59.1 -- 56.2 -- 58.1 -- 49.5 -- 38.8 

12/3/63 4/5/63 4/2/62 -- 
5/8/62 
5/8/@ 

5/=f 62 
5/12/62 
5/12/62 
5/12/62 
5/12/62 
8/1/62 
5/8/62 -- 49.2(33.7 w/e l ip)  
5/8/62 4/16/63 58.6 S f e c t .  -- 53.4( 38.4 w/clip) 5/8/62 
4/5/63 4/15/63 4/5/63 -- 

-- 
-- 

6.1 w e &  
5.6 

A a 1  element faillire was detected on April 14 and the rsactor was shut down. 
Stagnant water t e s t s  determined the defective element t o  be FE-5174, an ins txu-0  
mented moxtyl element f o r  physics studies. 

* 

me fir5-t element containing recycled plutonium was charged. 

D20 and indicated helium losses for  the month were 1,594 pounds and 103,343 
scf, respectively. We shipped 16,j5@ 
upgrading. 

of degraded D20 t o  Savannah River for 

Equipnent Expe rience 

A t .otal of 270 hours -re charged t o  repair work. 
the steam export l ine  was replaced and accounted fo r  248 hours. 
on the old b e l l m s  had fa i led  on several occasions Over the past few monthE 
making its integri ty  doubtful. 
only two seam welds where the old one was an accordion type with welds a t  
each valley and crest .  

With the exception of some angle valve packing, the balance of a l l  blue 
African type material was removed fromthe primary system and replaced w i t h  
Canadian white asbestos. 
primary system temperature and pressure and was "washing out" of the f l ex i t a l l i c  
gaskets. To make the replacements it was necessary t o  discharge the reactor and 
drain the primary system. 

The containment bellows on 
Seam welds 

The replacement bellows is  a rolled-type with 

The blue African material was not standing up under 

. .  
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Preventive maintenance required k01 hours, o r  8s of the t o t a l  mainten- 
ance effor t .  

Improvement Work Status (Significant Items) 

Work Completed 

Enlarge Chemical Feed System 
Interlock Between Fueling Vehicle Shroud Seat and Hoist 
he l ing  Vehicle ModSfication t o  Hoist 
PSCD Containment piping for  Experimental Cell 
Modify In le t  Jumpers on Tubes 1546 and 1548 

Work Partially Completed 

Inline Gas Sampling 
Process Tubes Level Indicator 
Primary Loop Drain and Flush Valve Modifications 
Independent Cr i t ica l i ty  Alarm System of the PRTR Control Room 
Shim Rod Rotameter Modification 
Recorder Ammeter Instal la t ion f o r  Primary AMps 
In le t  Gas Seal Rephcement 

Design Work Completed 

Compressed Air Supply Revision 
Effluent Activity Monitor Replacement 
Backup Ekrgency Pump Low Speed Controllers 
E-7 Replacement 
Pressurizer t o  Stack Valve Relocation 
Actuator with Hydraulic Snubber f o r  Bottom Blow-Down Line 
Deionized Water System 
Flash Tank Modification 
Gamma Scanner Instal la t ion 

Design Work Partially Completed 

Control W i r i n g  fo r  13.8 KV Motor Operated Switches 
Additional Fuel Storage and Examination 
Vibrstion Snubbers fo r  Earthquake Protection 
PRCF Ligh t  Water Conversion 
Control Room and Instmment Calibration Shap Air Conditioning 

Process Engineering and Reactor physics 

PR!l'R Test 62 was prepared t o  measure the react ivi ty  changes associated 
with changes i n  the temperature of the moderator plus ref lector  and the 
fuel plus coolant. 
of n o m 1  cold startups a f t e r  the fuel loading has been converted t o  
essentially: an a l l  oxide core. 

These measurements wll l  be performed during a number 
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Four sections were taken from selected process tubes t o  perform elevated 
temperature burst test.s a t  the Radiometallurgy Laboratory. 
sented neutron exposures from 7.3 NWD t o  76.5 MWD. 

The containment valva t e s t  was complsted and leakage through valves W-44 
and 5-29 was founa t o  be smsll. . There was no water hanrmer i n  the second- 
ary coolant systembecause of the slow closing of Valve s-29. The f inal  
report on the t e s t  has been written. 

During the April 15, 1963, stagnant water test, boiling around the fuel 
element forced the coolant out of the tube a f t e r  for ty  minute3 stagnation 
tine. 
tests, work is.belng done t o  improve the accuracy of calculations fo r  the 
tims t o  boiling. 

The s t d y  of the p i t t ing  corrosion attack i n  the deadlega and intermediate 
use sections of the l igh t  water sysCems continued during the month. 
Extengive attack was found i n  the water supply l ine t o  the water softener 
brine tank. 
installed t o  minimize future attack. 
of c r i t i c a l  deadlegs and low flow sections locatea' in the containment vessel. 

They repre- 

To prevent the recurrence of boiling dtrring future stagnatio3 

Thla l ine  has since been replaced and an isolation valve 
Provieions were made for  radiography 

x 

L 

An analysis snd report on the secondary coolELnt ac t iv i ty  monitor were 

ccolant heat, exchangers depends upon the presence of f iss ion proaucts i n  the 
completed. Feasibil i ty of the system t o  locate a 10 gpd leak i n  the primary 

coolant, 
from the primary system. 

@ -  r: 
Without f iss ion prodxts ,  the i n s t m n t  would not detect leakage 

Procedures 

Revised Operating Procedures Issued 
Revised Operating Standsds issued 
Temporary DEvia-cions t o  Operating Standards I s s e d  
Revised Process Specifications accepted f o r  use 
Maintermce Manuals and Procedures Issued 

Drawing As-Bu i l t  Status : April 

Approved f a r  As - B u i l t  
Ready f o r  Approval 
In Drasting 
Voided . 

Scheduled fo r  Review 

Personnel Training: 
Qualification Subjects 
Specifications, Standards, Procedures 
Emergency Procedures 
Maintenance Procedures 

17 

Total - 
954 

5 
40 

M!mhours 
300 
199 
23 

I 
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Status of Qualified Personnel at  Month-End: 
Qualified Reactor Engineers 9 
Qualified Technicians 6 
Qualified Technologists 17 
Provisionally Qualified Technologists 1 

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

Plutonium Recycle Cr i t ica l  Fac i l i ty  staxtug tests were continued. 
d ~ y s  of c r i t i c a l  tes t ing and eight days of subcri t ical  t es t ing  were 
realized. Efforts t o  achieve minirmnn safety rod worths occupied the major 
portion of the month. 

Twelve 

Repairs were completed t o  the chemical p q p  this month. 
the pump (canned type) when the c e l l  was inadvertently flooded. 
s t a t e r  and bushings were required. 

Water had entered 
A new 

Die PRCF Design Scope f o r  L igh t  Water Conversion, HW-76941, was approved 
and issued.' 

Reactor kinetic studies of EBWR cores were performed. 

One revised Process Specification was accepted. 

Fuel Element Rupture Test Fac i l i ty  (Project CAH-867) 

Fro jec t  Status 

Fuel Element Rupture Te.st Faci l i ty  Discharge &thod, HW-'7'7117, was 
issued. Work status of maJor elements of work follows: 

Sampling System - 90s complete 
~;eakage Collection System - 60$ complete 
Shielding Instal la t ion - complete 
Revised Relief Systems - complete 
Activation of Spaxe PSCD l ine  - complete 
B Cell Test Section Installation - 305 complete 
Chemical Handling Slab - 75s complete 

~ 

Operation 

Five ex-reactor operating t e s t s  were completed during April. 
were devoted t o  training. 

Forty hours 
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Pressurized Gas-Cooled Loop Faci l i ty  (Project CAH-822) 

Hw-77397 

Project Status 1 

Tne gas loop was operated a t  a t e s t  section i n l e t  temperature of 1400 F 
during the month. I"ne main-gas-bearing blower was run continuously fo r  
approxinstely t h i r t y  hours at conditions of 150 psig, 450 F, and 6,000 
rpn. 
which agrees closely with the blower curves. 
stable throughout the run. 
formed fu l ly  within expectations. 
performed as designed, the helium blower operating automatically'approxi- 
mately 36 hours with a continuous output of 300 scfm. 

Delivery and instal la t ion of the main blowers are scheduled fo r  next month. 

Operat ion 

Operational funds f o r  the gas loop were curtailed during April; consequently, 
design tes t ing has been halted, and only those operations of an acceptance 
t e s t  nature are i n  progress. 

Calculated flow rate was 4300 p0;tnds per hour of carbon dioxide 
Blower performance was 

The annulus helium coolant s y s t e m  
The heater, which is of unusual design, per- 

TECHNICAL SHOPS OPERATION 
b- 

tg) 
A 

Total productive tire f o r  the period was 27,033 hours. 
hours performed i n  Technical Shops, 8,641 hours assigned t o  Minor Construc- 
t ion,  3,109 hours assigned t o  off-s i te  vendors, and 38 hours t o  other project 
shops. Total shop backlog is  26,978 hours, of which TO$ is required i n  the 
current month with the reminder distributed over a three-month period. 
time worked during the nonth totaled 1,335 hours o r  5.5s of the t o t a l  available 

This includes 15,245 

Over- 

hours 

Distribution of t i m e  was as follows: 
Man-Hours $ of Total . 

N-Reactor Department 2' 864 10.59 
Irradiation Processing Department 4 043 
Chemical Processing Department 354 
Construction Engineering UtilitiGs Operation 0 

14.96 
1.31 

73 14 

2Ezi - - W o r d  Laboratories 19 7-72 

100.00 

Requests f o r  emergency service decreased s l igh t ly  requiring an overtime r a t io  
of 5.5$ versus 6.25 for the previous month. 
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LABORATORY MAINnzvmcE OPERATION 

e. 

! . 

Total productive time was 17,400 hours of a possible 19,200 hour8 potentially 
available. 
support of W o r d  Laboratories camponents with the remaining 12.5s directed 

Overtbe worked dur- 

1 

d O f  the t o t a l  productive time realized, 87.5$ wa8 expended i n  

8 

7 

toward providing service for  other HAP0 organizations. 
ing the month was 1.85 of t o t a l  available hours. 

Manpower u t i l i za t ion  for  April is slmrmnrized below: 

A. Shop Work 
B, Maintenance 

1. Preventive Maintenance 
2. Emergency or  Unscheduled Maintenance 
3. Normal Scheduled Maintenance 
4. Overtime (Included in  Figures Above) 

C. R&D Assistance 

3 000hours 
6 800 hours 

1 650 hours 
1 930 h-8 
3 220 hours 

Manager 
Test Reactor and Auxiliaries 

WD Richmond : JGZ :bk 
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INVENTIONS OR DISCOVERIES 

Hw-77397 

A l l  persons engaged in work that might reasonably be expected to 
resu l t  in inventions o r  discoveries advise that, to the best  of their  knowledge 
and belief, no inventions o r  discoveries were  made in the course of their  
work during the period covered by this repor t  except as listed below. Such 
persons fur ther  advise that, for  the period therin covered by this report ,  
notebook records ,  i f  any, kept in the course of their  work have been 
examined fo r  possible inventions o r  discoveries ,  

INVENTOR 

H. J. Anderson 

TITLE OF INVENTION OR DISCOVERY 

Method of Prepar ing  High Density 
Plutonium Dioxide and Plutonium 
Dioxide -Uranium Dioxide by Arc  
Melting. HW-77307 

v 

Manager, Hanford Laborator ies  
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