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. BUDGET AND COST SUMMARY 

May operating costs totaled $2, 689,000, an  increase of $136,000 
over the previous month; fiscal year-to-date costs  are $26, 398,000, o r  
86% of the $30,536,000 control budget. Hanford Laborator ies '  r e sea rch  
and development cos ts  for  May compared with last month and the control 
budget are shown below: 

(Dollars in 
thous ands) 

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

NRD Sponsored 
IPD Sponsored 
CPD Sponsored 
FPD Sponsored 

Total  

C O S T  

Current  
Month 

$ 112 
22 

1 166 
112 
267 
16 

$1 695 
202 
66 
107 - -  

Previous 
Month To Date Budget 

$ 87 
27 

1 012 
128 
254 
21 

$ 858 
140 

10 934 
1176 
2 833 

73 

$ .1 069 
175 

12 683 
1 3 5 3  
3 154 

97 
$1 529 

186 
70 
96 - -  

$16 014 
1103 
832 

1275 
493 

~ 

$2 070 $1 881 $19 717 

RESEARCH AND DEVELOPMENT 

$18 531 
1270 
897 

1421 
493 

$22 612 

s pZnt 

80 
80 
86 
87 
90 
75 
86 
87 
93 
90 
100 

- 

a 7% 

1. Reactor and Fue l s  

N o  detr imental  effects from phosphorus impurity in uranium have 
been observed in clad-to-core bonds o r  braze- to-core bonds in  N fuel. 
Phosphorus lowers  the room-temperature ductility and ultimate strength of 
uranium, but tests at temperatures  of 100 C and higher show no differences 
due to  phosphorus. A study of the effect of sulfur  impurity in uranium has 
been s tar ted.  - 
Outer components fo r  N fuel continued to  appear satisfactory in  performance 
and behavior as shown by the postirradiation examination of three N outer 
fuel element components. 

I 1 0 3 4 0 8  
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The high temperature  swelling performance of uranium fuel elements 
has tended t o  verify that fuel swelling is ultimately limited by coolant pressure.  

Fluted, single tube fuel elements (N -Reactor size) operating under 
N-Reactor conditions continue to perform satisfactorily.  A companion 
element failed during irradiation in  a cold w a t e r  loop. 

Clad thinning, with intentional internal striations,  has  been exper - 
imentally produced during irradiation of experimental  capsules.  

Uranium samples  containing dispersions of UA12, U6Fe, uranium 
carbide,  and uranium phosphide a r e  being studied as al ternate  core  mater ia ls .  

Only slight differences have been observed between Zircaloy-2 and 
Zircaloy-2 containing up to 1 wt% uranium in corrosion tests in 360 C w a t e r  
after 150 hours.  

Damage through wear  on N-Reactor process  tubes caused by fuel 
element supports af ter  s ix  simulated charging operations, with intervening 
autoclaving between each charging operation, has scratched the process 
tube to  a maximum depth of 2 . 2  mils.  This rate of w e a r  is five t imes that 
of tests made on a tube without intermediate autoclaving. 

-@ 

A theoretical  study has been completed on the effect of process tube 
vibrations and their  relation to  fuel element support design. 

Multiproduct fuel element development is proceeding through a study 
of fabrication methods, recrystall ization temperatures ,  diffusion of lithium 
in aluminum, and out-of-reactor ta rge t  element defect tests. 

Metallographic examination of N-Reactor self-supports on a 
Zircaloy-2 clad heater  rod exposed for  146 days at 315 C in lithiated water 
at pH 10, and at a heat flux of 280,000 Btu/ft  h r ,  revealed accelerated 
corrosion at each of the crevices  (eight) between the self-supports and the 
jacket. Maximum penetrations were  about 6 mils.  

2 
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Significant fuel element self-support flattening was encountered in 
N-Reactor charging machine t e s t s  when fuel columns were  charged with 
200 to  500 pounds back-pressure,  but when the process  tube w a s  loaded 
with fuel elements to  provide prototypical back-pressure the self -support 
flattening w a s  reduced from about 25 mils  t o  about 5 mils.  

Equations have been developed for application of laboratory boiling 
burnout data to  the N-Reactor . 

Based on test operation of K-1 Loop for  about 30 days with the pH 
controlled with NH40H, ammoniated sys tems control crud bet ter  than 
lithiated sys tems at low temperatures ,  probably because of hydrazine 
formation which getters oxygen in the system. 

The K-1 and K-2 Loops were  decontaminated sufficiently to  allow 
maintenance operations during tube replacement in 105 KE. 
(s ta inless  s teel)  was treated with alkaline permanganate followed by 
sulfamic acid; the K-1  Loop (carbon steel)  was decontaminated using a 
single-pass procedure with inhibited ammonium citrate solution. 

The K-2 Loop 

-g$ 

An unautoclaved section of 3070 cold worked N-Reactor pressure  
tubing exhibits a pr imary  c r e e p  rate about five to  six t imes  that of auto- 
claved tubing, and a much higher secondary c r e e p  rate. 
effect  of autoclave treatment was previously noted on annealed Zircaloy-2 
s t r i p  mater ia l  tested under uniaxial c r eep  loading conditions. 

This strengthening 

. 

Results of the N-Reactor atmosphere computer program have been 
correlated by means of an  empir ical  expression which relates maximum 
graphite burnout rate, maximum graphite temperature ,  initial water  vapor 
par t ia l  p ressure ,  and initial hydrogen par t ia l  p ressure .  

The water-gas  shift reaction (CO + HiO - C 0 2  + H2) was observed 
to  be significant above 500 C during experiments in  which He, CO, H20 gas 
mixtures were  allowed to  diffuse through hot graphite thimbles. 
experiments in which the gas mixtures flowed past a graphite b a r  little 

In previous 
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reaction occurred. It would appear that  the water-gas shift reaction could 

produce significant amounts of hydrogen in the N-Reactor tube block, but 
probably not in  the gas channels. 

The in-reactor  c reep  rate f o r  2070 cold worked Zircaloy-2 after 
1700 hours  at’20,OOO ps i  s t r e s s  and 350 C was determined to  be 1.8 x 
in. /In. /hr .  The rate during reac tor  outage was essentially ‘the same.  An 
e r r o r  in the out-of-reactor rate measurement has been cor rec ted  and a rate 
of 0.5 x in. /in. / h r  at 2000 hours has been determined. 

In-reactor c reep  capsules have been shown capable of operation at 
900 C in  a laboratory mockup. 
test s ta inless  steels. 

Capsules with this capability w i l l  be used to  

Zircaloy-2 bend-test specimens with 23% cold work have a ductile-to- 
brit t le. transit ion temperature  of about - 7 5  C (-167 F). Examinations of 
f r ac tu re  sur faces  by electron microscopy revea l  s imi l a r  crystallographic 

-0 I. & features  for  both t ransverse  and longitudinal specimens.  

In-reactor  weight gain data have been obtained for  Zircaloy- 2 
13 samples  a f te r  125 days in 540 F (282 C) water  and a fast flux of 7 . 6  x 10 

nv. The average weight gain of 121  mg/dm compares with 9 mg/drn2 for 
re ference  coupons exposed in the out-of-reactor loop at s imi l a r  conditions. 

2 

A proposal w a s  prepared f o r  experimental  evaluation of N-Reactor 
shielding during plant s ta r tup  using the top shield plug facility of the N-Reactor. 
The MAC shielding code has been modified slightly to  eliminate an  e r r o r  in 
the gamma calculation, and the BARNS code has been debugged to  calculate 
unit weighted shield mater ia l  c r o s s  sections.  

The gamma- induced oxidation of graphite by low concentrations of 
water  in flowing helium w a s  found to  be independent of flow rate. In studies 
of the inhibition of oxidation of graphite by halo-methanes, the rate of oxida- 
tion could be related to  surface areas as measured by the BET method. 
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The f lash thermal  diffusivity technique was successfully used to  
determine thermal  conductivity of porous carbon having a value only about 
1 /30  of that of CSF graphite. The use of a lead sulfide detector t o  monitor 
the rear surface temperature  rise has not been wholly successful.  

In a half-reactor test the corrosion rates of reac tor  mater ia ls  appear 
t o  be about the same  in low alum (7.5 ppm) as in high alum (15 ppm) water,  
except for  type 1100 aluminum (tube material) .  
slightly more  in the higher alum concentration. 

This aluminum corroded 

The General Elec t r ic  Technological Hazards Council accepted the 
final response to the audit of PRTR operation, approved the discharge 
method for the PRTR F u e l  Element Rupture Tes t  Facil i ty,  and approved 
modification of the PRCF for  light-water-moderated c r i t i ca l  t es t s .  

The AEC approved a proposed increased of l imits  on PRTR maximum 
heat transfer flux and tube power. + 

Revised PRTR aqueous effluent activity l imits  have been developed 
-63 

which will become effective when the new water t reatment  plant at Richland 
begins operation. 

By means of a new recommended procedure, ..recovery of the PRTR 
pr imary  coolant system f rom boiling convection cooling could be accomplished 
without fur ther  l o s s  o r  degradation of D20 and with minimal thermal  shock 
to  the system. 

Detailed design of the second-generation shim rod  assembly for  the 
PRTR is 90% complete, and fabrication of the two identical prototype units is 
55% complete. 
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'The ent i re  PRTR fuel lsading was examined in the basin, and ten 
6 

selected elements were  examined in the Fue l  Elcment Examination Facility. 
In general, the fuel elements were  in good ccnditfcn. Defects included: 
scratches on exterior surfaces  of many of the elements, displacement of 

some circumferential  bend-type bundle wraps,  and loosening of rod wire  
wraps on some  of the A1-Pu spikes.  The clip-on wear  pads on the V02-P-.i02 
e Le m ents are perf o r  ming ve ry  satisfactorily , 

Individual fuel  rods from a vibrationally ccmpazted U02-Pu02  , PRTR 
Mark-Z element that failed in the PRTR were  exsmined in  detail. 
were  detected in the heat-affected zone of the top end-csp welds of th ree  rods. 
Likeiy causes  of this locaiized corrosicn are eitner contamination of the 
Z I r c a h y  dcr ing welding o r  the presence of some impurity In the ?del materia! 
which caused seve re  attack from the inside. 

Leaks 

Four  vfbratfcnally ccmpacted capsules containing 30 - 2 . 5  wt% P9O2 2 
fuel of the type under consideration for  m e  in the EBWR w e r e  chzrged into 
the E T R  cn May 13. 

The second UOz -PaaZ f m l  cluster  ccntaining recycled PRTR p h t m k m  
w a s  completed; the first cluster  WGS charged Intq the PRTR. 

Gamma scEn measurements  cf Pa conczntraticn correlated i4  ith 
calibrated V02-Pu02 rcds  in the range 0 .1  to 10% Pu.  

1oaded''vibrationally compacted U 0 2 -  0.4870 PuOz Pael rods for  PRTR. 

The re jwenat lon fuel element r'GEH-4-81) is ready  for re turn  to the 
MTR. Rejuvenation was accomplished by adding enriched U 0 2  to  a fuel rod 
from the fuel assembly which had been i r rzdlated in Jangary in the MTR. 

A uniformity of Pu distribution of 3. 1 wtyo was cbtained In "bott2e 

. 
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Equipment has been developed and fabricated fo r  rapidly positioning 
and tightening a cluster  fuel element w i r e  spacing member  remotely, under 
approximately 10 f t  of water .  

Four  elevated-temperature burst  tests of PRTR pressure  tubes (at 
temperatures  f rom 200 F (93 C) to 400 F (204 C)) indicate that the burs t  
s t rength decreases  l inearly with temperature  over this temperature  range. 

The ratio of thermal-plus -epithermal to fast  neutrons w a s  found 
constant over 7070 of the fuel length of the PRTR core.  This ra t io  determined 
by nickel and cobalt w i r e  monitors w a s  12.3 k 0.2. 

A Zircaloy-clad uranium honeycomb element has been successfully 
fabricated by coextrusion. Three  coextruded Zircaloy -clad thorium -uranium 
fuel elements have been i r radiated to 1100 Mwd/ton with no appreciable 
swelling occurring. Irradiation w i l l  continue in the ETR loop. 

Autoclave tests show that thorium contamination of Zircaloy- 5 Be braze 
*<? . 0 *..- has a definite detrimental  effect on the corrosion res i s tance  of the braze.  

Allowable levels of thorium contamination of brazing alloy are being established. 

In preparation for  fabricating EBWR fuel, uranium dioxide was prepared 
and densified successfully by pneumatic impaction, and preparation of PuOz 
from 60 kg of P u  metal  was completed. 

The pneumatic impaction technique was used to  densify 1100 grams of 
PuO a t  one time. Density achieved w a s  10.89 g / c c  (95.170 TD). 

PUN pellets heated in flowing hydrogen for  12 hours at 1700 C slumped 
2 

and flowed together, possibly due to the formation of free molten plutonium. 

Severa l  plutonium -bearing borides were  prepared by reacting Pu02 ,  
carbon, and boron at 1600 C i n  vacuum. 

3 
The density of pneumatically impacted PUN-50 vol70 W was 1 6 . 9  g /cm 

(10070 TD). However, the PUN was not evenly distributed in  the tungsten. 

Plutonium was selectively lost  from molten UC-20 wt% PuC. 



xii  HW - 77709 

Thin wafers  of Pu-15 
did not diffuse into U 0 2  after 

wt% Z r  imbedded in  U 0 2  pellets oxidized but 
heating for  12 hours at 1700 C. 

1 X-ray  diffraction data revealed no crystallographic changes in  
M g 0 - 1 3 . 5  wt% P u 0 2  after irradiation to 0 . 5  x lo2' f i ss ions /cc  at a maximum 
temperature  of 1700 C. 

- 

Analyses of the first two samples of pneumatically compacted P u 0 2  
revealed densit ies of 89  and 95% TD with oxygen-to-plutonium rat ios  of 1 . 9 4  
and 1 . 9 1 .  

A U 0 2 - 5 0  wt% W ce rme t  w a s  examined by reflection electron microscopy 
during controlled heating to 1900 C. 

Six insulated cermet  capsules (two Mo-U02,  two Mo-UN, one W-U02 ,  
and one W-UN) w e r e  charged into the ETR and are to  be i r radiated with fuel 
sur face  temperatures  in excess  of 2000 C. 

. .  - 

' . j  

A tungsten-clad U 0 2  capsule designed to  operate with a completely 
molten core  w a s  charged into the ETR on May 13. 

Chemical analysis of UOS powder prepared from a fused chloride 
melt  revealed an uranium content of 8 4 . 7  wt% (vs theoretical  of 8 3 . 2  wt70). 

The absorption coefficient for single c rys ta l  UO, was measured at 
wavelengths between 0 . 6 - 1 5  microns.  There  is a large optical window in 
the range 3-13  microns,  with a minimum at 11  microns.  

The relative t ransmission of a l a se r  beam (wavelength 0 . 6 9  p) w a s  
significantly greater in  single c rys ta l  U 0 2  than in polycrystalline U 0 2 .  
Transmission at this wavelength decreased with increasing temperature to  
1000 c. 

At intermediate temperatures  (e. g., 1200 C), single c rys ta l  U02 
exhibits enhanced heat transmission, relative to  polycrystalline UOz, due to  
radiant heat transmission. 
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A single c rys ta l  of U 0 2  w a s  i r radiated for  310 days, to  an estimated 
exposure of 5 x 10" f iss ions/cc.  

Autoradiographs of fuel elements defected during irradiation revealed 
significant relocation of fission products in the immediate area of the defect. 

Laboratory data for  air cooling of 19-rod fuel bundles in the Fue l  
Element Examination Facil i ty w e r e  correlated using the Colburn equation 
f o r  forced convection heat t ransfer  with a modified velocity t e rm.  

Eighty-eight boiling burnout data points obtained with 19-rod bundle 
test sections were  correlated fair ly  well by a new empir ical  method appearing 
in the May, 1963, issue of Nucleonics. Data obtained with long (76-inch) test 
sections w a s  not published. 

Employing fog cooling (s team -water mixtures) 42 experimental  boiling 
points were  determined with a n  electrically heated 19-rod bundle tes t  section. 
The burnout heat flux at low flow rates w a s  quite sensit ive to  the hydraulic 
stiffness (i. e. , availability of excess  inlet p ressure)  of the system. 

X-ray  examination of molybdenum foils annealed at 900 C f o r  2 hours 
after i r radiat ion to  lo1' nvt (E > 1 MeV) showed that lattice parameters  and 
line widths have returned to  preirradiation values. 
200 ppm carbon and 400 -500 ppm carbon have apparently recrystall ized to  
some  extent, as rat ios  of peak intensities are different f rom the corresponding 
rat ios  in the unirradiated foils. 

The foils containing 100- 

Defect s t ruc tures  have been observed in  i r radiated molybdenum foils 
by t ransmission electron microscopy. 
causes  dislocations to  move in  s t ra ight  l ine channels. 
interact  with the defect s t ruc tures  sweeping them from the channel. 

Deformation of the i r radiated foils 
The moving dislocations 

To prepare  foils for t ransmission electron microscopy, spark  machining 
and an  electrolytic jet polisher have been successfully employed to  cut w a f e r s  
f rom a single c rys ta l  of molybdenum. 

, . . I, 
'W 
. .  I 
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A molybdenum single c rys ta l  annealed at 2000 C for  1 hour was used 
for  testing the validity of lattice parameter  measurements.  Six measure-  

3.14707 A, with a mean deviation of 0.00003 A, o r  one par t  in  10 . A low- 

s a m e  point-to-point variation in lattice parameter  as was observed on 
unirradiated crystals .  

I ments at different points on the c rys ta l  face yielded an average value of 
5 

* carbon (10-20 ppm) crys ta l  irradiated to lo1' nvt (E > 1 MeV) showed the 

A capsule containing eight high-purity molybdenum electr ical  res is t iv-  
ivity specimens has been prepared for  irradiation in the SNOUT facility. 

It has  been established that the c reep  r a t e s  of plutonium during the 
alpha - to  -bet a and beta -to- alpha transformations under compressive loads of 
1000 and 2000 ps i  a r e  greater  than would be predicted from the r a t e s  of 
either of the phases individually. 

Two thorium specimens irradiated to burnups of 0. 18 and 0.92 at.% 

exhibited essentially no change in the as -irradiated optical microstructure .  
A sma l l  decrease  in density was observed with the 0.92 at.% burnup sample.  

-0 5% at less than 300 C (572 F) and then annealed at 750 C (1382 F) for  100 hours 

Thorium-uranium tensile specimens irradiated from 0. 5 to  1.5 at. 70 
burnup at less than 300 C (572 F) are being tensile tested at room temperature.  
The first two specimens tested had limited ductility. 

Optical and electron metallography were  completed on the i r radiated 
uranium specimens recovered from two previously opened swelling capsules 
which operated at 575 C (1070 F) to  0.15 at.% burnup. The enriched specimens 
suffered less damage than did the natural  ones. Grain boundaries were  readily 
observed in the enriched specimens.  

Impregnation was found to  be the most  important factor in a series of 
radiation experiments with samples  of graphite prepared f rom controlled 
par t ic le  s i ze  f i l ler  material ,  with different binder mater ia ls  , and using 
different impregnation treatments.  Multiple impregnations with nongraphitizing 
binder resulted in an increased contraction rate. 

DECLASSIFIED 
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Document HW-77066 has  been issued describing a preliminary 
Plutonium Fue l  Spacecraft Reactor concept. 

Prel iminary calculations are under way to set co re  parameters  fo r  
a 1000 Mw nuclear rocket reactor ,  fueled with plutonium. An unclad tungsten- 
base ce rme t  fuel of honeycomb configuration, i f  found to  be s t ructural ly  prac-  
tical, would provide appreciable savings in the s i ze  and weight of the reactor.  

2. Physics and Instruments 

Preparat ion of a formal  repor t  on N-Reactor physics experiments is 
nearing completion. A l l  experiments have been normalized to  a standard 
corresponding to  the PCTR mockup lattice. 

Data w e r e  obtained on an  overbored exponential pile mockup of 
C-Reactor.  Flux t r ave r ses  were  made with and without s i x  safety rods.  

The PCTR is being used to  measure k, for  the K-Reactor lattice 
with zirconium process  tubes. 
measured. Data f rom these experiments are still being analyzed. 

The worth of a poison spline is a lso  being 
y? -a 

Cooperative tes t s  are being performed with Instrument Development, 
IPD, to  evaluate possible N-Reactor s ta r tup  instrumentation systems.  Pulse 
height distribution measurements have been made a t  various neutron counting 
rates using BF3 proportional counters.  Source range log count rate and 
period instrumentation tes t s  have a l so  been performed at HTR. The resu l t s  
suggest the need for  continued instrument evaluation tests before N-Reactor 
s tar tup.  

N -Reactor kinetics and pr imary  coolant loop simulation's (for the 
power range)' have determined the effects of variable reactivity ramps ,  
inlet temperature ,  instrument t r i p  settings and t ime constants, initial power 
level, power setback rates, and s c r a m  time functions on a number of system 
variables.  
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One thousand two hundred Zircaloy process tubes w e r e  tested, 
sor ted,  and made available for  KW-Reactor retubing in t ime  t o  meet a 
May 6 goal date. One thousand s ix  hundred tubes were  inspected to  meet 
this goal, 40 of which have been returned to  the vendor as defective. 

Nine possible methods of assur ing the integrity of some  2000 N fuel 
elements whose support clip welds are under suspicion have been communicated 
to  N-Reactor groups. On the basis  of these suggestions, cooperative efforts 
are being made to  develop a pract ical  method of inspecting the weld nuggets. 

Cri t ical  mass  experiments on plutonium nitrate solutions have 
produced resu l t s  which will permit  upward revision of cer ta in  cri t icali ty 
data. A concentrated solution (435 g Pu / l i t e r )  was found to  have a cr i t ical  
volume about 40$ l a rge r  than previously predicted from data extrapolations 
and geometry conversions. 

Cri t ical  M a s s  Laboratory experiments are being shifted from plutonium 
The switch in instrumenta- -@ solutions to solid mixtures of PuOz in polystyrene. 

tion to  the second hood where the solid experiments wi l l  be performed w a s  
com plet ed. Pre l iminary  subcri t ical  neutron multiplication measurements 
were  s ta r ted  on May 24. 

Against experimental data, GAMTEC , a computer code, has been 
tested on a graphite-moderated reac tor  core .  The code will be used to  
predict nuclear safety parameters  for  heterogeneous sys tems of slightly 
enriched uranium in water.  

Improved numerical  methods are being developed to predict the 
analytic value fo r  the buckling of a bare hemisphere of a solution of fission- 
able material. INTERSET, the code which calculates the multiplication of 
a system of subcri t ical  assemblies ,  has  been completed, and a request  for 
it from an offsite u s e r  has a l ready been received and filled. 

Measurements of slow neutron inelastic scat ter ing from H20 at 95 C 
have been made for  11 different values of the neutron energy change in the 

.- . - .  
,- . i 
W' 
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range 0.0375 t o  0.25 ev. Computer codes have been obtained from AERE, 
Harwell, for u se  in calculating the scat ter ing law from the  experimental  
data. 

Development of a rotating-crystal  neutron spectrometer  continued 
with tests on phase stability of two ro tors  operating at 12,000 rpm, and 
tes t s  on the t ime ji t ter  of neutron detectors. 

Data obtained in April  on the total c r o s s  sections fo r  neutrons f rom 
3 t o  15 Mev fo r  14 samples were  processed to  obtain c r o s s  sections. 

PCTR data on high exposure (20.6% PuAl c lus te rs  in 6 - 1 / 2 ,  

8-3/8, and 10-112-inch graphite latt ices a r e  being compiled for  reporting. 

PRCF s ta r tup  experiments continued with investigations of the worth 
of the safety rods,  the t ime response of the safety system, and the neutron 
flux distribution in the core.  

Approach-.to-critical measurements on 0.5 - inchdiameter  PuAl rods 
(16.467'0 PU 240) in light water indicate that about 1300 rods would be required 
f o r  cri t icali ty when the rods a r e  spaced on 0. 66-inch centers  in a triangular 
lattice. This is based on an  extrapolation from a loading of 850 rods.  

Interpretation of data obtained in ARMF measurements on PuAl 
samples  i r radiated in the MTR continued. Values ofathe fission and absorp-  
tion c r o s s  sections of the i r radiated samples were  estimated from the ARMF 
data. 
the ARMF. 

It appears  that further sensitivity measurements should be made on 

Work is under way to use seve ra l  experiments performed in the PCTR 
in studying the moderating properties of graphite. Computer program SPECTRE 
is being modified for use in this  work. The study of the theoretical  scat ter ing 
laws for  water  is continuing. 

Some exploratory work is under way to  determine the feasibility of 
carrying out reactivity coefficient measurements  of some Hx Pu samples  in 
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a fast spectrum critical facility. These experiments should help to  resolve 
the considerable uncertainties which exist  in the  high energy c r o s s  section 
data of the higher P u  isotopes. 

The survey of U02 ,  Pu02,  and PUN as fuels for  small ,  compact, 
fast reac tors  has  now been extended to  include 30 vol70 tungsten fuel elements 
in addition to the 0 and 50 vol70 concentrations previously considered. t . 1  . 

An investigation of control rod effectiveness of various neutron 
absorbers  in a series of Pu  environments w a s  initiated during the month. 
Pre l iminary  resu l t s  on a l / v  absorber  (e. g. , boron) indicates that effectiveness 
generally decreases  with increased Pu240 content. 

The revised c ros s  sections for Pu241 and Pu242 reported in HW-75716, 

This effect should assist in obtaining 
"Updated RBU Basic Library,  give considerable reactivity increase (- 670) 

fo r  one of the "Phoenix Study" reac tors .  
a favorable (flat) reactivity response with burnup on Phoenix fuel reac tors .  

-@ Experimental  data are now being obtained on the Lx Pu-A1 physics 
t e s t  elements 5051, 5095, and 5092 which had received exposures in the 
PRTR of 13. 1, 40. 2, and 71. 1 Mwd, respectively. These are the first data 
to  be received on the physics elements.  

A major  e r r o r  in the construction of tables describing the distribution 
of ta rge t  velocity magnitudes in the Monte Car lo  par t  of RBU has been detected 
and corrected.  This e r r o r  was the major  cause for  the long delay in completing 
the RBU code. Correction of the e r r o r  resulted in Monte Car lo  generated 
neutron spec t ra  which are in excellent agreement with theory. 
out of the code can now proceed. 

Complete check- 

Development work continues on the CALX burnup code, the Hanford 
Revised GAM, HRG, and the ALTHAEA-MELEAGER codes. A substantial 
improvement has  been made in  the usefulness of the la t te r  since the  thermal  
and epithermal reactions can now be conveniently "zeroed" at the beginning 
of the analysis t o  agree with codes that treat the energy spectrum in grea te r  
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detail than Westcott methods allow. Two thermal  neutron scat ter ing codes , 
LEAP and ADDELT, were  imported from Harwell, England, and put in 
operation. These will aid in our  analysis of scat ter ing data  and in the 
development of scat ter ing kernels.  . 

The project proposal for  design funds for  the High Temperature  
Lattice Test Reactor has been approved by the Richland Office of the AEC. 
Design c r i t e r i a  a r e  undergoing final review and approval steps.  

Fabrication of s om e experimental extended -lifetime in - c o r  e neutron 
flux monitors is near ly  complete. Their  plutonium isotopic compositions 
are chosen to  seek optimum regeneration behavior in the KE water-cooled 
irradiation facility. 
r ec ently deter m ined ex per im e nt ally. 

The neutron spec t ra l  parameters  fo r  this facility were  

Three  Boron- 11 beta-current neutron detectors,  which were  fabricated 
offsite to  HAPO specifications, have been received and are now being made 
ready for reactor  tests.  

Four-parameter  separation has been successfully achieved on the 
prototype multiparameter eddy-current t e s t e r  as applied to  a three metal  
layer  tes t  sample.  Separation of the probe spacing parameter  ranged from 
about 3 t o  12 mils ;  each of the metal  thicknesses were  separated in the 
range of 2 to  6 mils.  Instrument application is more  complex for this case  
than for  the three-parameter case. 

An experimental procedure for measuring ultrasonic transducer 
frequency, band width, radiated beam pattern and damping (Q) has been 
developed. Applied to  t ransducers  used in routine tes t  applications of high 
volume, these tests are expected to do much to  a s s u r e  uniform transducer 
character is t ics  and thereby improve the uniformity of test resul ts .  Arrange-  
ments have been made for  t ransducer  vendors to apply the t e s t s  before 
shipping t ransducers  to HAPO. 
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Favorable customer evaluation of two improved prototype miniature 
gamma dose me te r s  has promoted the purchase of 25 more  units (from out- 
s ide  sources)  fo r  continued testing. 
models were  relocation of the sensor  to  one edge of the unit, and the use of 
a molded Teflon central  conducting rod. 
dropped only 2070 as the gamma source  was positioned in the' least  favorable 
geometrical  position with respect  to  the dose meter .  

The principal improvements of these 

Tes t s  revealed meter  sensitivity 

The energy sensitivity to  neutrons and photons of our  la rge  t issue-  
equivalent ionization chambers w e r e  measured. 

A final repor t  on the cosmic-ray neutron measurement  was finished. 

Results from the survey by urinalysis in Alaska continued to be 
received. F o r t  Yukon is the only village sampled where  body burdens appear 
t o  be high compared to  other Alaskan villages. 

Radiological physics work continued on: P32 counting shadow shield 

calibration, ass is tance to RPO in preparation of their  t ruck shadow shield, 
X - r a y  counting, and standardization of the precision long counter. 

Appraisal  of the environmental consequences of reac tor  accidents 
w i l l  be improved by development of an  atmospheric dispersion prediction 
scheme which permits  more  realistic accounting for  the period of r e l ease  
of the contaminants. By superposition of incremental  releases, Hanford 
atmospheric diffusion data were  extended to  prediction of downwind exposure 
levels to  periods of severa l  hours. 
t o  a distance of 8 miles f rom a release near  ground level. 

3.  Chemistry 

The method was independently verified 

The coating of aluminum reac tor  components with special  inks 
continues to  show promise for  affecting reductions of radioisotopes in reac tor  
effluent water. 

The release of polonium f rom irradiated,  aluminum -clad bismuth 
held a t  1300 C f o r  2 hours w a s  found to be 1 6  to  2370, whereas  50 to  60% 
release w a s  observed for  unclad bismuth after 1 / 2  hour. , ,. - -  , 
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Pre l iminary  evaluation of severa l  out -of -service c r ib s  and trenches 
revealed very little movement of radioisotopes due to so i l  column drainage 
during the period from 1959 to  the present. 

The removal of radio-ruthenium from neutralized Purex  process  
condensate by selected activated charcoals and oxides is found to  range 
f rom 66 to 97% in 24-hour equilibration periods. 

Continued observations of a sealed, strontium loaded, zeolite 
car t r idge indicate no evidence of radiolytic p re s su re  buildup. 

A precipitation process  was devised and tested for  the recovery of 
strontium from acid-dissolved, Purex w a s t e  tank sludge. Ninety-five to  
97% recoveries  were  achieved in the precipitation step. 

The Pm146 content of well  aged promethium w a s  found to  be a factor 
of 3 lower than expected and cas t s  doubt on presently accepted nuclear con- 
s tan ts  and/or  decay schemes associated with Pm146 production, burnup o r  

- _  @ decay. 

The S r g O  isotopic concentration of strontium in the sludge of the 
Purex  106-A w a s t e  tank w a s  found to  be 5270, as compared to  55% in the 
cur ren t  Purex 1WW and only about 17% in tank 103-A, the only tank previously 
analyzed. 

The extraction of neptunium and plutonium from synthetic Purex  1WW 
by t r i laury l  amine was found not to  be impairedby the presence of 5 vol% 
tributyl phosphate or uranium concentrations of 0.027M. - 

Laboratory tes t s  show the CSREX solvent (DBEHPA-BAMBP-Soltrol) 
can be protected from degrading in 1M - HN03 solutions at 50 C by the presence 
of sulfamic acid, hydrazine, o r  urea.  

Treatment  of synthetic Purex  waste tank sludge with a solution of 
phosphoric and ni t r ic  acids maintained at a low pH was effective in reducing 
the hard sludge cake to a pumpable s lur ry .  



,. $3, -'.- xxii HW-77709 

Ei ther  clinoptilolite o r  Linde AW-400 (20 to 50 mesh) is satisfactory 
for  a plant test evaluating the extraction of cesium from Purex  formaldehyde 
t reated waste .  
removal of cesium from Redox supernatant wastes.  

~ 

Duolite C-3  r e s i n  w a s  the most suitable exchanger fo r  

Scaling and reduced heat t ransfer  coefficients are observed for  tita- 
nium heat t ransfer  surfaces  during the concentration of Purex  acid waste 
solutions. 
conditions does not occur. 

Fouling of s ta inless  s t ee l  heat t ransfer  surfaces  under s imi l a r  

Prel iminary experiments, for  testing the removal of chlorine from 
Sal t  Cycle process  off-gases (oxygen-chlorine mixtures) by low - temperature  
liquifaction techniques, resulted in recoveries  of 80 t o  9670. 

liquified chlorine at 27 C in a sealed p res su re  cylinder w a s  readily achieved. 
Storage of the 

Laboratory studies of the parameters  governing the preparation of 
U02-Pu02  solid solutions by electro-codeposition have shown that a plutonium 
enrichment factor  of 40 and a promethium decontamination factor of 6 can be 
achieved in the preparation of a deposit containing 23 wt% Pu02.  

-@ 

Mixed UOS and @-US2, prepared by precipitation from chloride 
melts ,  can be washed with dilute hydrochloric acid to yield a crystall ine 
UOS product uncontaminated with @-USz o r  U 0 2 .  

The radiant heat sp ray  calcination of a tartrate (and sugar)  bearing 
alkaline Purex  waste resulted in the formation of t a r s  in the sp ray  nozzle 
and a l so  caused formation of unreacted organics in the product calcine. 

4. Biology 

The effect of reac tor  effluent exposure on the swimming performance 
of young chinook salmon is being measured. Since l a rge r  f ish swim better 
than sma l l e r  ones, it is expected that f ish exposed to  370 effluent will  perform 
better than those exposed t o  670 effluent because of the grea te r  growth inhibitory 
effect of the latter. 
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Vertan 690 (active ingredient, EDTA) will  be used to  clean out 
N-Reactor pipes. Since N-Reactor personnel are considering the disposal 
of the waste mater ia l  to the Columbia River,  w e  r a n  some  toxicity tes t s  on 
Vertan 690. 
acute toxicity would be about 20 ppm. 
r i v e r  toxicity may get uncomfortably near  this  figure. 
was verbally passed on to  personnel in N-Reactor. 

F r o m  resul ts ,  it was estimated that an upper l imit  avoiding 
If the matepial is released to  the 

This  information 

In the course of temperature  tes t s  on sensitivity of columnaris, a 
new colony form w a s  isolated. 
rough form, and promises to  offer extended possibilities for  laboratory 
work on the microorganism. 

This one is smooth, as opposed to  the usual 

The r e se rve  capacity of the hematopoietic system in swine is 
apparently unaffected by feeding them 125 pc Srgo/day .  This  w a s  determined 
by noting that no difference in blood constituents occurred between this group 
and control animals. -@ 

Five of 17  ewes given 3 mc 1131 5 yea r s  ago failed to  conceive or  
experienced ear ly  death of the embryo. 
mating and had uncomplicated pregnancy. 

A l l  control ewes conceived at first 

After 45 days of feeding iner t  iodine (2  g/day) to a cow a lso  being fed 
1131, the 1131 in  the milk had diminished to  50% of its previous value and 
1131 in the thyroid had diminished about 5% of i t s  previous value. 

Observations of rats being fed Cu and Mo (in a radiation synergism 
experiment) revealed that high concentrations of Mo in the diet causes 
increase in  l iver-Cu concentrations. 

One dog died 1200 days after a single inhalation of Pu 2390 2. The 
highest concentration of Pu was found in the pulmonary lymph nodes -several  
hundred t imes  higher than in the rest of the lung. Another dog died 8 months 
af ter  2 mc Ce14402 via inhalation had been deposited in it. Remaining at 
death w a s  about 1 mc distributed in  the lungs , lymph nodes , and l iver .  
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Six beagle dogs were  flown to  the Nevada Test Site and exposed to 
P u  released from a one-point detonation of a nuclear weapon and la te r  
returned to  this laboratory. 

The distribution of inhaled Pu02  in rats was determined 4 months 
after exposure. Nuclear and cell debris contained about three-quarters  of 
the Pu. Most of the remaining was in the fibrous t issue.  

Cholestyramine, a mater ia l  which was assumed to  be capable of 
absorbing bile sal ts ,  was tested for i ts  effectiveness in improving survival 
of irradiated rats. The negative resul ts  obtained were shown to be due, in 
part ,  t o  the only partial  effectiveness of cholestyramine in removing the 
bile sa l t s  f rom the intestinal lumen. 
the rats were  surgically modified in such a manner that the bile drains into 
the ur inary bladder. 
the diarrhea which normally follows irradiation. 

Another approach was tried in which 

This procedure is apparently effective in preventing 

Exposure s f  Tribolium castaneum to 980 r ads  of fast neutrons reduced 
reproductive ability in both sexes.  Females  were  less affected reproductively 
than males .  

Twenty mc of Rb86 were introduced into the upper end of Rattlesnake 
Springs. Activity in the water later decreased with distance downstream. 
N o  pulse in activity was found at the dam. Substrate samples  are showing 
that the isotope is being rapidly absorbed by surfaces .  

5. Programming 

The purity of Cm244 is increased by operating at high specific 
power, since less Pu241 is allowed to  decay. As the specific power is 
ra i sed  it becomes l e s s  important to keep the plutonium which is being burned 
separate  f rom new P u ~ ~ ' ,  insofar as purity of Cm244 is concerned. In fact, 
calculations made this month indicate that higher purity is obtained by mixing 
plutonium with U238 and operating at a high power pe r  gram of plutonium 
present, than is obtained by mixing plutonium with thorium and operating 
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at a low power per  gram of plutonium. 
on the basis of the same  power per  ton of fer t i le  material ,  but mu . h  

sma l l e r  plutonium concentrations a r e  needed to  enrich U238 than to enrich 
thorium, because of the lower U238 c r o s s  -section. 

The actual comparison was made 

Calculations of the production of fission product ruthenium, rhodium , 
palladium, krypton, xenon, and cesium as a function of fuel exposure were  
made during May, augmenting the resul ts  on four other elements reported 
during the previous month. 

TECHNICAL AND OTHER SERVICES 

Eleven 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 was used to remove 
plutonium from a wound. Pending bioassay resu l t s  for  the persons involved 
in these incidents, the total  number of plutonium deposition cases  that have 

-0 4’ occurred at Hanford is 317 of which 229 are currently employed. 
192 

The source,  licensed by the AEC for  
Severa l  GE employees were  inadvertently exposed to  a 27-curie I r  

source  at N-Reactor on May 16, 1963. 
u s e  by the Pi t tsburg Testing Laboratory, remained in an unshielded and 
unattended location in Cell  4 of the 109 Building for  severa l  hours. 
the t ime the source  was unattended, at least  14 GE employees were  in the 
immediate vicinity. Evaluation of the film badge dosimeters  worn by the 
GE employees showed a maximum whole body dose of 0.2 r e m  of gamma 
radiation. 
investigated by the AEC Compliance Division. 

During 

The exposures received by the construction personnel were  

General increases  were  noted in  all air filter sample resul ts  during 
the week ending iMay 24, 1963. 
Northwest locations was 13 pc 8 /m3,  one of the highest weekly averages 
noted s ince the fall of 1961. 
spr ing  influx of older fallout mater ia ls  f rom past tests.  

The average value a t  the offsite Pacific 

This  increase probably represents  the expected 
Two of the air f i l t e rs  
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containing the highest concentrations of beta emit ters  were  scanned in an  
attempt to  es t imate  the age of the fission products collected. The resu l t s  

indicated an age of approximately 1 year .  

A false cr i t ical  radiation a la rm occurred at the 309 Building on 
May 31, 1963, at 3:30 a .m.  as the resul t  of X- ray  testing in  the l l - foot  
level  of C cell. The reac tor  engineer had just announced a n X - r a y  shot 
over  the loud speaker  when the cri t icali ty false a la rm sounded. Personnel 
evacuated the containment vessel .  
s ince they assumed that the a l a rm was caused by the X-ray  work. 
a l a rm w a s  bypassed for the remainder  of the X- ray  work. 
not operating at the t ime of the a l a rm.  

They did not evacuate the 309 Building 
The 

The reac tor  was 

Continuing assis tance is being given to the Fuels  Production section 
of IPD in determining those canning conditions which wi l l  lead to a given 
quality of fuel element. In particular,  the experiments have been designed 
and the result ing data analyzed to  increase understanding of the effects of 
time, temperature  , and p res su re  on important fuel element character is t ics  
and to  increase knowledge of the quality of incoming mater ia l s  and process 
capabilities. Emphasis is placed on the correlation of these  manufacturing 
conditions with observed postirradiation effects. 

Analyses on the mathematical theory, use, e r r o r  propagation, and 
EDPM program for  both the optical  and electronic process  tube t r ave r se  
mechanisms have been completed and recommendations for  their  improve - 
ment and use  discussed with the customer.  

The estimation of U235 content of U03 shipments will  be made f rom 

A t  the s a m e  t ime a UOg standard 
duplicate measurements on each car shipped.using the 234-5 laborator ies  
thermionic emission mass  spectrograph. 
of known isotopic content w i l l  be analyzed to  permit  subsequent estimation 
of absolute reliability. 

. 
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The EDPM program which simulates the N-Reactor s tack gas compo- 
si t ion w a s  modified in such a manner so as to  be applicable over a much wider 
range of input parameters .  This revision makes it possible to incorporate 
immediately any new o r  revised reaction coefficients as fast as they are 
obtained from laboratory experiments. 

A series of conferences has led to  a f i rm plan to convert a Sheffield 
ro t a ry  contour gage to  numerical  control. Appropriate mathematical 
relationships have been derived and a preliminary EDPM program is being 
writ ten to  prepare magnetic tape input for  the system. 

Routine calculations were  performed t o  determine optimum particle 
s i z e  and proportionate mix factors  for  s eve ra l  cylindrical Vipac fuel 
elements. 
spiraling, a phenomenon suspected of playing a fundamental role  in the 
vibrational compaction of annular -shaped fuel elements. 

Considerable effort has also been devoted to  the study of particle 

In connection with the indexing of X-ray  defraction powder patterns , 
a new mas te r  program called INDEX was written, compiled, debugged, and 
successfully used. 
Work is under way to  add the hexagonal-tetragonal program to INDEX a s  a 
subroutine. Eventually an orthorhombic subroutine will  be added s o  that 
INDEX wi l l  handle any of the four types of crystal .  

INDEX makes a subroutine out of the cubic program. 

SUPPORTING FUNCTIONS 

PRTR output for  May was 1010 Mwd, for  an experimental  t ime 
efficiency of 58.270 and a plant efficiency of 50.3%. There  were  13 operating 
periods during the month, five of which w e r e  terminated manually, seven 
w e r e  terminated by s c r a m s  (two were  manual) and one operating period 
extended through month-end. 
May 17, when the heat t r ans fe r  flux limit was increased, which permitted 
ra i s ing  the power level to  70 Mw. 

The reac tor  operated at about 60 Mw until 
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Fue l  exposure history at May 31 was :  

Maximum U 0 2  exposure/element 3406 Mwd/tonU 
Average U 0 2  exposure/element 2412 Mwd/tonU 

Maximum Pu-A1 exposure /element 93.4 Mwd 
Average Pu-A1 exposure/element 73.2 Mwd 

Maximum Moxtyl exposure/element 
Average Moxtyl exposure/element 

71.0 Mwd (- 1420 Mwd/tonU) 
41.4 Mwd (-828 Mwd/tonU) 

A total of 156 reactor  outage hours were  charged to  repa i r  work. 
Of this amount, 76  hours were  used to  complete the s team export line 
containment bellows replacement, 24  hours for  heavy water  leak r epa i r s  
and 2 1  hours for  moderator pump repa i rs  and cleaning of the s t r a ine r  on 
the moderator pump discharge line. 

The PRCF w a s  operated routinely for  the entire month. Safety rod 
worth experiments and control rod calibration and safety system t ime 
response consumed the majority of operating time. Report  HW-77607, 
"PRCF Light W a t e r  Dilution'' was issued. 

The installation of the Rupture Loop test section of the Fuel  Element 
Rupture Test  Faci l i ty  (Project  CAH-867) in B Cel l  is approximately 90% 
complete. 

Gas-bearing blowers, Units 2 and 3, for  the Gas Cooled Loop 
Facil i ty (Project  CAH-822) w e r e  shipped from England. 
scheduled for  mid-June. 

Arr iva l  here  is 

Total  productive t ime fo r  the month in Technical Shops w a s  28,170 
hours. Distribution of t ime was as follows: 

Man-Hours '% of Total 

N -Reactor Department 3 226 11.46 
Irradiation Processing Department 6 986 24.79 
C he mica1 Processing Department 353 1 . 2 5  
Hanford Laboratories 17 605 62.50 

t 1 0 3 4 3 1  
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Total productive t ime for  Laboratory Maintenance was 21, 600 hours, 
of 23,000 hours potentially available. Of the total  productive t h e ,  88.6% 
was expended in  support of Hanford Laboratories components, with the 
remaining 11.4% used to  provide serv ice  for  other HAP0  organizations. 

Laboratory maintenance manpower utilization for  May was as 
follows : 

Hours - Hours - 
A. ShopWork 4100 
B. Maintenance 8300 

1. Preventive Maintenance 1900 
2. Emergency o r  Unscheduled Maintenance 2200 

4. Overtime (included in above figures) 1100 
3. Normal  Scheduled Maintenance 4200 . 

C. R&D Assistance 9200 

21 , 600 Hours 

The heavy water loss during May was 1882 pounds valued at $26,120. 
Of this total, 1871 pounds ($25,971) resulted from PRTR operations and the 
balance (1 1 pounds, $150) f rom PRCF activities. Sc rap  generated during 
the month (2227 pounds) resulted in a charge of $3073 to operating cost. 

$4 -Q 

A t  this t ime an underrun in 04 equipment expenditures is apparent; 
therefore,  $200,000 will be t ransfer red  from the capital  equipment budget 
t o  the research and development budget, 

Activity in the area of visitor presentations included: 

Visitors Center 
Plant Tours  

Number of Visitors 
Since 6- 13-62 In May 

2215 
372 

44,062 
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HAP0 professional recrui t ing activity this month: 

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

Ph. D. 7 15 4 8 12 

Placement) - 12 10 ' 8  9 
BS /MS (Program)  - 3 15 53 34 

BS /MS (Direct 

Seven technical graduates were placed on permanent assignment. 
One addition to the program w a s  made; its cur ren t  strength is 34. 

Construction of the Fuels  Recycle Pilot  Plant was s ta r ted  May 27 by 
the Halverson Construction Company. 
June 15, 1965, and the amount of the contract  is $4,.448,000. 

The contract  completion date is 

Authorized funds fo r  ten active projects total  $6,435, 500. The total  

estimated cost of these projects is $10, 680,000 of which $594,000 had been 
spent through April  30, 1963. 

Manager, Hanford Laboratories 

HM P a r k e r  :JEB: dph 



REACTOR AND FUELS LABORATORY MONTHLY REPORT 

MAY 1963 

A. F - 
TECHNICAL ACTIVITIES 

IrnABLE MATERIALS - 02 PROGRAM 

1. Metallic Fuel Development 

Phosphorus Impurity i n  Uranium. Investigation was continued on the 
e f fec ts  of phosphorus impurity on uranium structure,  fabr icabi l i ty ,  
properties, and fue l  element quality. 

Examination w a s  completed of N I E  f u e l  containing 135 and 170 ppm 
phosphorus i n  the as-extruded, beta heat-treated, and braze heat- 
affected conditions. Examination of NIE fue l  w i t h  300 ppm phos- 
phorus i s  i n  process. 
or braze-to-core bonds were observed. 
from sections of t h i s  NIE fuel  are  shown i n  Table I. Phosphorus 
lowers the room temperature d u c t i l i t y  and ultimate strength. A t  . 
temperatures of 100 C and higher no differences due t o  phosphorus are  
noted. 
phosphorus. 
to-core bonds vere observed. 

No detrimental e f fec ts  on clad-to-core bonds, 
I n i t i a l  property data obtained 

Examination w a s  completed of NOE fue l  containing 22 and 80 ppm 
No detrimental e f fec ts  on clad-to-core bonds or braze- 

Preparation of small dingots (about 5 pounds) with intended phos- 
phorus leve ls  of 1000, 1500, and 2000 ppm was requested from MCW. 
The average phosphorus contents from top and bottom samples were 
549, 555, and 558 ppm, respectively, indicsting a l i m i t  of phosphorus 
addition i n  the bomb reduction. This metal w i l l  be used f o r  re- 
melting and alloying. Attempts t o  prepare higher phosphorus contents 
by arc  melting buttons of uranium w i t h  UP have resulted In structures 
composed of uranium, uranium-UP eutect ic ,  and an additional compound 
tha t  is  apparently a uranium-oxygen-phosphorus phase. 
evidently results from oxygen Impurity i n  the UP and prevents forma- 
t i an  of the complete eutect ic .  

This phase 

Sulfur Impurity i n  Uranium. 
process a t  NLO w i l l  use uranyl ammonium sul fa te  (UAS) t o  replace the 
uranyl anrmonium phosphate (UAP) feed t o  the Winlo process. 
e f fec ts  of sulfur addition t o  uranium are  being studied. 
m e l t  button was prepared using uranium and US t o  yield approximately 
5000 ppm sulfur. 
t o  be US. The s t ruc tura l  features of t h i s  system w i l l  require addi- 

A n  a l te rna te  uranium scrap recovery 

The 
An arc  

Compound formation was observed t h a t  i s  presumed 

t iona l  compositions and heat treatments t o  define. 
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Alternate Core Materials. N-outer tube stock with the  core material 
containing 640 ppm Al and 400 ppm Fe w a s  studied t o  determine the 
effects  of heat treatnent on the s ize  and dispersion of UAl2 and U@e 
compounds. Par t ic le  density determined from electron micrographs of 
cathodically etched specimens and u t i l i z ing  the Zeiss par t ic le  s ize  
analyzer t o  obtain pa r t i c l e  s ize  dis t r ibut ions in a computer program 
similar t o  tha t  employed f r analysis of f i ss ion  gas porosity has 
yielded values of 1.5 x lop1 and.8.2 x d l  particles/cc specimens beta 
t reated and alpha aged-and gamma treated and alpha aged, respectively. 
The etching procedures used f o r  preparation of specimens for  electron 
microscopy is continuing i n  attempts t o  arrive a t  a standard proce- 
dure yielding t rue  structures i n  these dispersed phase alloys. 

Additional materials being studied as dispersed phase systems include: 
(1) refinement of carbide s ize  by control of freezing rate, (2)  addi- 
t i on  of phosphorus t o  a uranium - 2 w/o Zr composition, and (3)  addi- 
t i o n  of aluminum t o  a uranium - 1 w/o Z r  composition. 
have been prepared a s  a rc  melt buttons and have been given gama 
phase solution treatments, quenched, and aged i n  the high alpha phase. 
The carbides i n  a TOO Al, 400 ppm Fe, approximately 500 ppm C a l loy  
were reduced from 15-20 micron s ize  t o  approximately 1-2 micron a t  a 
spacing of 10-15 micron by the rapid chi l l ing of the  arc  melt button. 
A uniform dispersion of a compound believed t o  be UAl2 was observed 
in the as-cast condition i n  a U + 1 w/o Z r  + 200 ppm Fe - 350 ppm Al 
alloy. The addition of approximately 350 ppm phosphorus i n  a U - 
1 w/o Z r  a l loy  resulted i n  the formation of the U-UP eutect ic  a t  
or iginal  dendrite boundaries with the UP par t ic le  s ize  being one 
micron o r  less i n  the cas t  condition. 

These alloys 

Closure and Joining. 
beryllium and Wrcaloy-2 + uranim coupons. 
water, ~ r - 2  coupons containing up t o  1 w/o uranium s t i l l  appear glassy 
black, with only a s l i gh t ly  higher l ight adsorption measurement than 
Zircaloy-2 and a s l igh t ly  higher weight gain. 
coupons above 30 w/o uranium have cracked and/or completely corroded 
in to  a sludge. 
with oxygen and nitrogen have essent ia l ly  decomposed after 550 hours 
i n  360 C water. 
w e i g h t  gain and a s l igh t ly  higher l i g h t  adsorption than the previous 
readings a t  300 hours of exposure. 

Corrosion tests have continued on Zircaloy-2 + 
After 150 hours i n  360 C 

A t  t h i s  exposure the 

Zircaloy + 5 Be coupons intentionally contaminated 

The variable beryllium content coupons show a l i nea r  

A ceramic mold has been developed together w i t h  a suitable wax pattern 
f o r  investment casting mechanical property specimens of brazing alloys.  
As these brazing al loys are very b r i t t l e ,  an investment casting tech- 
nique w i l l  be necessary t o  provide the required shaped tens i le  and 
impact bars. The molds are made of equal par t s  of s i l i c a  powder and 

I 1 0 3 4 3 b  
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pottery plaster ,  baked a t  400 C f o r  12 hours p r io r  t o  casting. They 
are  quite f r ag i l e  and break readily f romthe specimen bars. The wax  
is mde of equal portions of ceresin and paraffin,  cast  Into a brass 
pattern mold. 
a clean surface f o r  casting. 

The wax melts cleanly from the investment mold leaving 

Fuel Element Closure - Hot Head. Tooling fo r  the 1200 KVA resistance 
welder a t  the Rocky Mountain Arsenal has been scoped and designed. 
Detailed drawings w i l l  be completed by June I, and fabrication of the 
tooling w i l l  be complete by July 1. 

Examination of N-??uel Components. 
of three N-outer fue l  elemenk components irradiated a t  near proto- 
typic conditions i n  KER has been completed. 
appearance of the cap-core bond of one closure d i d  not appear typical  
or normal. 
fabrication and not as  a consequence of i r radiat ion.  
control piece is  being examined f o r  comparisqn w i t h  the post-irradiation 
sample. In other respects, the N-outer-fuel components continue t o  
appear sat isfactory i n  performances and behavior. 
from the same i r radiat ion t e s t  are  now a t  Radiometallurgy f o r  post- 
i r radiat ion examinations. 

The post-irradiation examination 

The metallographic 

This observed difference i s  believed t o  have ar isen during 
An adjacent 

Tvo inner components 

Lqz3 
\ 1- d . .* * High TeGerature Swelling Performance of Uranium Fuel Elements. A , .- 

charge of 8-12 inch long KSE-5 fue l  elements, i r radiated t o  an average 
exposure of 140 W / T  a t  volume mean fue l  temperatures up t o  520 C, 
has been weighed i n  the KE basin f o r  the determination of fue l  
swelling. The data extend our knowledge of swelling obtained by the 
previous i r radiat ion tes t ing  of B E - 3  elements operated a t  volume mean 
fue l  temperatures in the range 420-470. C. _The KSE-5's operated with 
a peak power of 190 W/ft and a heat f l u x  greater than 1,000,000 Btu/ 
hr-sq f t .  
highest temperature element. The measured swelling values are approxi- 
mately the same as those predicted from empirical expressions developed 
from the KSE-3 i r radiat ions and verify tha t  fue l  swelling is  ultimately 
limited by loop pressure (1600 p s i  coolant). 
be fur ther  evaluated a t  Radiometallurgy. 

Fuel swelling ranged from 0.78 v/o a t  the highest exposure, 

Selected elements w i l l  

Fluted Fuel Element Irradiations.  Two fluted,  single-tube N-Reactor 
size fue l  elements have comleted three cvcles of i r radiat ion 
(600 MWD/T) i n  the ETR M-3 f a c i l i t y .  
under conditions approximately equal t o  N-Reactor operating conditions. 
No appreciable volume change could be measured a t  the end of t he  th i rd  
cycle. 
radiation. 

These elements are  being tes ted 

The elements a re  now undergoing t h e i r  fourth cycle of ir- 

W 
J 



The cold-water i r rad ia t ion  of three N-inner s ize  f lu ted  elements i n  
the =-Reactor was terminated a t  2000 MKD/T exposure by the fa i lure  
of one of the e lemnts .  These elements were being i r radiated a t  a 
specif ic  power of 75 kw/ft w i t h  a corresponding maximum metal tem- 
perature of 350 C and were t o  be given t h e i r  f i n a l  i r rad ia t ion  i n  
the ETR-P-7 high temperature water-loop. 
i s  not known a t  t h i s  time. 

Tne nature of the fa i lure  

MZ'R I r radiat ions of I&E Fuel Elements. I r radiat ion of four Hanford 
I&E fue l  elements continued in the MllR GM-4 loop f a c i l i t y  t o  investi-  
gate the possible occurrence of large volume increases (grain 
boundary tear ing)  a t  intermediate i r rad ia t ion  temperatures. The cal- 
culated time average maximum metal fue l  temperature during the ir- 
radiation i s  approximately 500 C, (not 400 C as previously reported). 
An axia l  temperature gradient from 300 t o  500 C ex i s t s  longitudinally 
along the fue l  column which places portions of the f u e l  elements i n  
the range of in te res t .  
1270 W / T .  

Average exposure on the elements i s  now 

Cladding Deformation Studies. 
t o t a l  of 94 Zircalou-2 clad uranium rods have been i r radiated t o  

Thirty-six NaK capsules containing a 

provide data on cladding s t r a in  capabi l i t ies  as  a function of cladding 
thickness uniformity, temperature, and exposure. 
sules were discharged a t  1100 W / T .  
samples fromtwo of these capsules showed cladding s t r a ins  of 1.7 and 
2.6$, respectively. 
in te rna l  s t r i a t ions  i n  the cladding showed evidence of localized clad 
deformation associated with the i n i t i a l  defect. Based on the resu l t s  
f romthese fue l  samples, the remaining 27 capsules were discharged a t  
approximately 1800 MWD/T. 
first  nine capsules is  continuing. 

N i n e  of these cap- 
I n i t i a l  examination of the 

Each of the f u e l  rod samples with intentional 

Examination of the f u e l  samples from the 

N-Reactor Fuel Support Development. 
facturing procedure f o r  N-inner supports was completed t h i s  month. 

The program t o  develop a manu- 

In t h i s  project,  a procedure f o r  the fabrication-of duct i le  
Zircaloy-2 s t r i p  and a hot forming procedure f o r  making the par t s  
were developed. 
supports were made i n  the laboratory and supplied t o  NRD f o r  use on 

, Using these processes, a t o t a l  of 103,000 inner 

N-IWlS  

Fuel mement Support Fabrication. 
undertaken fabrication of fur ther  t e s t  l o t s  of N-outer fue l  element 
supports t o  permit the N-fuel production f a c i l i t y  t o  continue t o  process 
N-outer fue l  elements. 
3000 per  day f o r  the first commitment of 30,000 par t s .  
sand supports have been produced since Thursday, m y  16. 

Metal Fabrication Development has 

Supports are being fabricated a t  the  r a t e  of 
Eleven thou- 

1 I 0 3 4 3 8  
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Fuel Component Developnaent. 
damage t o  N-Reactor process tubes by charging N-fuel elements are 
proceeding. 
what extent the  reactor process tube i s  damaged by the  repeated 
corrosion of the bare Zircaloy-2 t h a t  is  exposed by scratching by 
the fue l  element supports. 
s t e e l  support shoes 40 times over a single path on the process tube, 
then autoclaving the tube i n  400 C, 1500 p s i  steam f o r  14 days t o  
give the corrosion product buildup on the bare Zr-2 equivalent t o  
t h a t  expected t o  form in-reactor between the charge and discharge of 
the  f u e l  elements. 

Laboratory t e s t s  t o  study possible 

A ser ies  of t e s t s  a re  being conducted t o  determine t o  

The test  cycle consists of passing 

After t h e  f i f t h  autoclave cycle, as i n  the th i rd  and fourth cycles, 
a t o t a l  of 50 passes with four different  shoes were made with no 
signs of scratching the autoclave film. 
deposited on the re-autoclaved film. It was necessary t o  inten- 
t i ona l ly  i n i t i a t e  the scratching of the process tube i n  order t o  
continue w i t h  t he  or iginal  pupose of the cyclic scratching-autoclave 
test .  Six ser ies  of 40 passes, with autoclaving between each ser ies ,  
have now been completed on the same region of the  process tube 
section. The scratch depth now varies from 0.0012 t o  0.0022 inch 
with-an average depth over the en t i r e  length of the t e s t  section 
being 0..0016 inch. 
2000 passes as compared t o  a m a x i m  of 0.003 inch wear i n  a t e s t  i n  
which 2000 passes were made on a tube without intermediate auto- 
claving. 
of the autoclave fi lm formed between each ser ies  of passes may re- 
sult i n  deeper t o t a l  scratch depth i n  the cyclic scratch autoclave 
t e s t ,  o r  the  autoclaving cycle a t  400 C may cause recovery of some 
of the cold work thought t o  be induced i n  the surface of the tube 
during the scratching test .  In-reactor the cold-worked surface of 
the tube would not be annealed as i n  the  autoclave, but there would 
be a corrosion film formed. 

S tee l  from the shoes was 

This r a t e  of wear extrapolates to-0.015 inch i n  

There may be two sources f o r  the difference. The removal 

To detenaine how much of the damage i s  caused by removal of the cor- 
rosian film, two new se r i e s  of tests are being started. 
test; 50 passes are made on a process tube section which is  then 
annealed a t  400 C f o r  1 4  days i n  a vacuum. 
peated at least s i x  times and compared w i t h  the cyclic scratchi&- 
autoclave tes t .  
process tube section which i s  a l so  annealed at 400 C f o r  14 days i n  
vacuum. 
passes are made on the one tube section. Results f romthe l a t t e r  
tes t -can  a l so  be compared with the  previous 2000-pass test  t o  see 
the  e f f ec t  of 400 C recovery of the cold work on the tube surface. 

I n  the f irst  

The cycle w i l l  be re- 

In the  second tes t ,  500 passes are made on a 

This t e s t  w i l l  be repeated four times u n t i l  a t o t a l  of 2000 



Analpis of Fuel Element md Caps. 
pansion between fue l  and end cap materials i n  metall ic fue l  elements 

The difference in thermal ex- 

'is a potent ia l  cause of f u e l  element fa i lures .  Thickening the clad- 
ding near the end cap or  shaping the  end cap are  possible methods of 
making a t rans i t ion  which w i l l  reduce the discontinuity s t resses  en- 
countered i n  the end cap region. 
been extended t o  include a specif ic  design f o r  an N-outer fue l  
element. 
ding 300 mils long which makes a 17.5' angle with the outer cladding 
and 21.00 angle w i t h  the  inner cladding. 
s t resses  within the t rans i t ion  have been.reduced by over a fac tor  of 
four. The report describing t h i s  analysis and analysis of various 
shaped t ransi t ions has been writ ten and is being reviewed f o r  publi- 
cation. The method of analysis was a l so  extended t o  apply t o  the 
par t icular  geometries encountered i n  the hot-headed closure tech- 
niques. Case studies run on geomtr ies  representative of those ob- 
tained by t h i s  fabrication method snowed bending s t resses  and shear 
s t resses  w i t h i n  the t rans i t ion  region were two t o  three times less 
than those encountered i n  closures without t rans i t ions .  

Studies previously reported have 

The t rans i t ion  zone has a l i nea r  thickening of the clad- 

The bending and shear 

Vibrational Studies. 
e f fec t  of process tube vibrations and t h e i r  re la t ion  t o  fue l  element 
support design. Two programs were developed: one is a two-component 
model f o r  the vibration of a f u e l  assembly, and the second calculated 
the spring constants of various shaped supports. The spring constant 
program only applies t o  non-sized supports. The vibrational program 
can be used w i t h  e i ther  calculated or  measured values fo r  the spring 
support constants. 
damping obtained on N-fuel elements, the lowest resonant frequencies 
ranged from 46 t o  62 cycles per second. A document describing these 
programs (HW-77515) has been published. 

A theoret ical  study has been completed on the 

For measured values f o r  spring constants and 

Fuel Element Data System. 
data has been developed and the program which controls the fue l  data 
f i l e  has,been completely debugged. The f i l e  now contains data f o r  
147 N-inners, 135 N-outers, 41 capsules, and 12 B E - 3  elements. Ad- 
d i t iona l  programs t o  analyze the  fue l  performance data i n  terms of 
fabr icat ion and t e s t  variables are being developed. 

An I B M  data f i l e  f o r  fue l  t e s t  i r radiat ion 

Fabrication of Crud Probe Stock. A lon l i fe ,  constant power heat 
source w i l l  be fabricated from a Th - 'lt w/o U ( fu l ly  enriched) - 
1.0 w/o Z r  al loy f o r  the purpose of studying the variation i n  heat 
t ransfer  w i t h  f i lm buildup on a Zircaloy-2 surface during irradia- 
t ion.  
13 w/o natural  U - 1 w/o Zr has been completed. 

Double vacuum arc  melting of the 5O-lb p i l o t  ingot'of thorium - 
Extrusion of the 



A- 8 
_- . -  

primary ingot in to  an electrode f o r  remelting has proved t o  be a 
sat isfactory procedure f o r  t h i s  material. 

Coextrusion of 2s - Aluminum Clad Li-ql. To date, three coextru- 
sions have been made i n  an attempt t o  provide material f o r  diffu- 
sion couples t o  study the r a t e  of L i  diffusion i n t o  a 25 aluminum 
cladding and t o  examine the  f e a s i b i l i t y  of fabr icat ing ta rge t  fue l  
by coextruding a clad Li-A1 target  material. 

, 

The first b i l l e t  contained a l& L i  - Al core which was i n  the as- 
cast  condition, while the  following two b i l l e t s  contained 1 3  Li - 
Al cores which were cast  and pre-extruded a t  350 C at  a reduction 
of 3.24/1. 
of 15.4/1 a t  350 C; The interface with the as-cast core was very 
rough and irregular.  
were smoother but somewhat out of round. In  a l l  three coextrusions 
the cast  structure was st i l l  i n  the core material a f t e r  coextrusion. 
An additional b i l l e t  is  being prepared i n  which a 15 Li - Al core 
w i l l  be pre-extruded cold a t  a reduction of 3.62/1 and recrystall ized 
before coextrusion i n  an effort. t o  fur ther  improve the interface of 
the coextrusion. 

All coextrusion b i l l e t s  were extruded a t  a reduction 

The interfaces found with pre-extruded cores 

To obtain a bond between core and clad, it w a s  necessary t o  
thoroughly mechanically clean both the clad surface and the core 
surface jus t  p r ior  t o  assembly and electron beamwelding. 

Target Element Development. Several intensive heat treatment t e s t s  
on aluminum-lithium alloys have been carried out t o  determine mini- 
mum recrystal l izat ion times and temperatures. Two worked conditions 
were investigated a t  two different  times and"five different  tempera- 
tures.  
400 C f o r  one hour and 450 C f o r  30 minutes. Metallographic resu l t s  
are  not available a t  t h i s  time. 

Hardness measurements showed a break a f t e r  annealing a t  

Lithium-Aluminum Target Elements. Sixteen Zircaloy-4 clad experi- 
e n t a l  lithium-aluminum targe t  assemblies have been fabricated f o r  
i r rad ia t ion  tes t ing  i n  KER Loops 1 and 2. 
consist of eight t a rge t  elements and each w i l l  contain both 1 and 
2 w/o lithium alloys canned i n  both anodized and nonanodized 
aluminum cans. 

Each t e s t  charge w i l l  

A defect ta rge t  element assembly is currently under t e s t  i n  an ex- 
reactor water loop under simulated N-Reactor flow conditions. The 
corrosion of AI. is being followed by periodically analyzing loop . 

water samples for  aluminum. 
timate of the effectiveness of monitoring the  i r radiat ion tes t  loop 

This t e s t  is intended t o  give an es- 
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water f o r  aluminum ac t iv i ty  for  detecting a t a rge t  element - rupture. 

The transport  of l i thium i n  the alpha phase region of the aluminum- 
li thium system under isothermal conditions is being investigated. 
Diffusion couples have been prepared by cold-pressure welding 

f i c i e n t  L i  is  vaporized t o  grossly at tack the quartz capsules i n  
which tes t ing  is  conducted. Tests a t  300 C have shown no evidence 
of Li vaporization a f t e r  14 days a t  temperature. 
i n  the couples w i l l  be determined a f t e r  annealing the t e s t  specimen 
a t  300 C f o r  200 days. 

- 1.3 w/o Li-A1 a l loy  t o  aluminum. Tests a t  600 C indicate t h a t  suf -  

The Li gradient 

Fueled-Web Honeycomb Element. 
i s  made of Zircaloy-2 clad uranium has been successfully fabricated 

A honeycomb structure  in  which the web 

by coextrusion. The cross section of the s t ructure  consists of a 
hexagonal array of 61 ce l l s  enclosed by Zircaloy-2 one inch i n  out- 
side diameter. The approximately 1/16-in~h diameter holes are  sur- 
rounded by the 0.038-inch t o t a l  thickness web. The web is  made up 
of 0.007" Zr-2, 0.010" U, 0.004" Zr-2, 0.010" U, and O.OO7" Zr-2. 
The web on both ends of a saraple section 1.25 inches long has been 
successfully closed by induction brazing with Z r  - 5 w/o Be alloy. 

The composite coextrusion b i l l e t  was made up of 61 coextruded hexa- 
gonal rods sealed i n  vacuum i n  Zircaloy-2 and canned i n  copper. 
The rods consisted of outer Zr-2 cladding, a layer of uranium, a 
ring of Zr-2, and a uranium core. 
bonded a l l  par t s  of the b i l l e t  together. 
removed by first stopping off the uranium i n  the web, then etching 
i n  hot HC1. 

The f i n a l  coextrusion completely 
The inner of each c e l l  was 

Vanadium Wire Drawing. 
containing 0.5% Co, were accomplished using the asphalt lubricant.  
This rod is  eventually t o  be reduced t o  10-mil wire. 
a f t e r  a few reductions were made, serious defects i n  the vanadium 
rod began t o  appear. These defects consisted of deep gouges, most 
l i k e l y  produced by some gripping mechanism used i n  the or iginal  rod 
forming operation. In some subsequent rod sizing operation the very 
duc t i le  vanadium was caused t o  flow over these gouges and hide them. 
The wire drawing of vanadium plus 0.55 Co w i l l  continue when defect- 

Reductions i n  the diameter of vanadium rod, 

However, 

, free rod is obtained. 

Rhenium Wire Drawing. 
rhenium wire down t o  0.010 inch. 
a reduction of 0.001 inch. 
showed tha t  i t s  surface was extremely rough and contained many 

An attempt w a s  made t o  draw soate 0.020-inch 
The wire broke on the f irst  pass, 

Macroscopic examination of the wire 

I 1 0 3 4 4 2  
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cracks. 
that  it was highly work hardened and tha t  the maxinun allowable 
amount of cold work (16 had undoubtedly been exceeded. 
i s  being made t o  improve the surface of the wire and anneal it a t  

Further inquiry in to  the his tory of t h i s  wire determined 

An attempt 

1700 t o  1800 c. 

PRTR Rupture Loop. 
reactor assembly which included basket, NPR fue l  element, and cut ter  
device were determined experimentally. 
i n  an out-of-reactor high temperature-high pressure loop revealed 
tha t  the  operation of the device i s  affected by extended exposure t o  
high temperature water. The design w i l l  be changed t o  give improved 
high temperature behavior of the hydraulic cylinders. 

The thermal hydraulic characterist ics of an in- 

A t es t  of the  cu t te r  device 

GEH-10-64, 65, 66 - Thorium Alloy. Three Zircaloy-2 clad thorium - 
2.35 w/o U-235 - 1.0 w/o Z r  fue l  elements complete the i r  f irst  cycle 
or" i r radiat ion i n  the E2R-V Loop. The fue l  achieved a calculated 
m a x i m  specific power of 214 kw/ft, a maximum heat flux of 1.07 x 
106 Btu/hr-ftz, and operated w i t h  a maximuh core temperature of 
603 C. 
indicated tha t  no appreciable swelling had occurred. 
tes t  elements a t  the  end of the f i rs t  cycle of i r radiat ion i s  

Fuel element weight measurements made a t  the end of the cycle 
Exposure on the  

.I 1100 MWD/T. 

2. Corrosion and Water Quality Studies 

Water Contents of Oxide Films on Autoclaved and Anodized C-64 Aluminum. 
C-64 aluminum al loy tube sections were anodized or  autoclaved-. 
oxide films were isolated by dissolution of t h e  metal substrate i n  
CH30H-I2 solution. 
1300 C (2372 F) f o r  one hour. 

The 

The isolated oxides weYe then dehydrated a t  

Water content f o r  oxides removed from samples autoclaved i n  170 C 
(338 F) water f o r  66 hours, ailtoclaved i n  250 C (482 F) water for  
51 hours and as anodized i n  chromic acid were 23.5, 18.4 and 4.@, 
respectively. 

Theoretical water contents f o r  mono- and trihydrates are 15 and 345, 
respectively. 
f i lm I s  a mixture of mono- and trihydrate;  the 250 C (482 F) auto- 
claved f i l m  i s  largely monohydrate, while the anodized f i l m  i s  
la rge ly  anhydrous. 

Thus, it appears t h a t  the  170 C (338 F) autoclaved 

Corrosion Rates i n  High Alum (18 ppm) and Low Alum (7.5 ppm) Water. 
Preliminary results have been obtained from the half-plant alum t e s t  
a t  F-Reactor (PT-549) with alum feeds of 7.5 ppm (average) versus 
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18 ppm. 
discharges show the same frequency of ledge and groove corrosion 
f o r  both sides of the reactor. Coupon samples corroded i n  each 
type of water fo r  f ive  weeks a t  exactly comparable temperatures 
show equal penetrations of x-8001 aluminum and A212 carbon s t ee l .  
Samples of 1100 alloy, however, showed corrosion penetrations 1.6 
timzs as  great i n  18 ppm alum-treated process water as i n  the 7.5 
ppm treated water. Corrosion penetration of 6061 aluminum al loy 
was 1 . 3  times as great i n  18 ppm alumwater as i n  7.5 ppm water. 
Film weights fo r  a l l  materials approximately follow corrosion pene- 
t ra t ions  i n  both types of water. 

Visual examinations of fue l  element surfaces from i n i t i a l  

Corrosion of Monel Resistance Temperature Detectors. 
of the  RlD's a t  lO5-m and 105-KW have caused some concern - the 
at tack is  localized near the crevice and may be due t o  galvanic 
a t tack i n  acid solution, result ing from incomplete r h s i n g  a f t e r  
decontamination. A t e s t ing  program has been s ta r ted  t o  evaluate 
the e f fec ts  of residual decontaminant (sulfamic ac id )  on the RTD 
Money and Exonel sheaths under conditions eomparable t o  those ex- 
pected during reactor operation. 

P i t t ing  at tack 

Samples of Monel-sheathed resistance temperature detectors showed 
no evidence of p i t t i n g  at tack a f t e r  27 hours a t  70 t o  80 C i n  
6 ounce/gallon solutions of e i ther  Turco 4306-C o r  Wyandotte-5061. 
Assembled samples (with galvanic contact t o  s ta in less  s t e e l )  d id  
show slight loca l  etching i n  areas exposed t o  saturated vapors from 
the Turco 4306-c solution. 

The pH of rinse water "leaked" from KW RTD wells after reactor de- 
contamination was measured w i t h  litmus paper. 
values after 10 minutes of flushing were 2.0; indicating t h a t  
flushing had not completely removed the decontaminant chemical. 
Additional rinsing w i t h  conventional reactor cooling f o r  30 minutes 
did remove the decontarninant, as shown by pH values of 6.6. 

The measured pH 

Decontamination of IC-1 and K-2.  
taminated t o  reduce ac t iv i ty  levels  and f a c i l i t a t e  tube replacement 

The K-1  and K-2 loops were decon- 

operations i n  lO5-KE. 
tamlnated using a two-step recirculation procedure: 
manganate solution a t  lo5 C f o r  90 minutes followed by sulfamic 
acid solution a t  70 C f o r  90 minutes. Both solutions used were 
proprietary compounds. 

The K-2 Loop (s ta inless  s t e e l )  was decon- 
alkaline per- 

The K-1 Loop was decontaminated using a single-pass procedure w i t h  
a 5$ solution of inhibited ammonium c i t r a t e  a t  75 C ( rear  face 
temperature). The solution was used f o r  approximately one hour a t  
a flow ra t e  of 5-10 gpm. 

UNCLASSIFIED 
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The decontaminations reduced the ac t iv i t i e s  a t  front and rear face 
f o r  both tubes t o  acceptably low levels.  
the rear  face was s l igh t ly  higher because of external contamination. 
Prior t o  shutdown a rupture had occurred i n  a tube a t  a higher 
elevation (3565). Leakage from t h i s  tube contaminated the external 
surfaces of a number of the other tubes including K-1  (2160) and 

The ac t iv i ty  leve l  on 

’ K-2 (2864). 

Corrosion Under Heat Transfer Conditions i n  Lithiated Water pH 10. 
A t e s t  was  completed t o  determine corrosion behavior associated w i t h  
N-Reactor fuel-self-supports i n  l i t h i a t ed  water a t  pH 10 under con- 
di t ions similar t o  those expected i n  N-Reactor. A Zr-2 clad heater 
rod with four self-supports welded t o  it simulated the N-Reactor fuel  
element. 
280,000 Btu/ft2-hr; the element w a s  examined. Accelerated corrosion 
had occurred on both the support and the jacket a t  each of the eight 
crevices between the self-support and the jacket; the m a x i m  pene- 
t ra t ion  w a s  6 mils with an average depth of 1-2 mils. The corrosion 
seemed general rather than p i t t i ng  type of a t tack and covered about 
half of the area under the supports. The crevices were f i l l e d  w i t h  
oxide over most of the  region of attack. Fromthe observations,.it  
appeared that  the formation of oxide tended t o  force the support and 

After 146 days i n  water a t  315 C and a heat f lux of 

cladding apart. @. 

Wssive hydriding, such as might have been expected from such ex- 
tensive corrosion, was not found. Hydride concentrations were no 
greater than 100 ppm and were no greater near the  corrosion than 
elsewhere. 

Evaluation of Secondary System Descalhg fiocedures. 
t ion  t e s t s  were completed on a new proprietary compound fo r  cleaning 
N-Reactor secondary system prior  t o  startup. 
the mill-scale but was not satisfactory for  removing the lacquer. 

Some evalua- 

This compound removed 

Frett ing Tests on N-Reactor Fuel Elements. 
were completed on the N-Reactor fue l  element with the high support 
spring constants. No f re t t ing  was noted a f t e r  23 days of exposure 

TF-7 a t  530 F, pH 10 l i th ia ted  water w i t h  external vibration. 
During the next operating period the vibration w i l l  be changed t o  a 
lower frequency (from 54 t o  40 cycles/sec) and a greater deflection 
(from 1.8 t o  3.5 mils). 

Additional f r e t t i ng  t e s t s  

Testing of Defected Target Slugs. During the past  month one pre- 
defected target  slug (Zr-2 clad, lithium-aluminum al loy core) was 
charged in to  TF-7 t o  determine ra te  of leaching or  dissolution and 
t o  evaluate ease of detection of rupture. 
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Evaluation of NfIlcOH t o  Control pH i n  N-Reactor Primary Coolant. 
The indection of NH40H in to  KEX-1 Loop was in i t i a t ed  last month 
in the  f i r s t  of a ser ies  of in-reactor t e s t s  t o  determine the 
f e a s i b i l i t y  of using W O H  rather than LiOH t o  adjust  the pH of 
the N-Reactor primary coolant. The operation continued at  high 
temperature (260-280 C )  during the month of April, except fo r  one 
reactor shutdown. 
about t he  same as wi th  l i t h i a t ed  systems. 
of leaks, the loop temperature was reduced (60-90 C);  the loop 
operated on feed and bleed without venting until May 8, a t  which 
time dissolved gas concentration increased t o  a point where it w a s  
considered desirable t o  vent the loop. 
caused primarily by leakage of a i r  i n to  the makeup solution tank. 
In addition, the concentration of ammonia i n  the makeup tank was 
not controlled. When the solution w a s  prepared originally,  it was 
not agitated and therefore was not homogeneous. As the  tank was 
emptied, the feed solution became more and more concentrated i n  

The water qual i ty  and crud deposition were 
On April 30, as a resul t  

This additional gas w a s  

N Q O H .  

During operation a t  low temperature the water qua l i ty  and crud 
release r a t e s  appeared t o  be be t t e r  i n  the ammoniated system than 
i n  l i t h i a t e d  systems, primarily because of the formation of suf- - 
f i c i e n t  hydrazine t o  prevent accumulation of oxygen i n  the system. 
I n  l i t h i a t e d  systems, unless hydrazine i s  added, the oxygen formed 
from radiolyt ic  decomposition of the water, oxidizes the protective 
magnetite t o  a l e s s  protective form (Fe2O3) which i s  released as 
crud in to  the system. 

One of the main d i f f i c u l t i e s  i n  using W O H  i n  a reactor primary 
system may be the radiolyt ic  and/or thermal decomposition. 
sults from the l a s t  t e s t  indicate about 50$ of the injected 
ammonia w a s  decomposed and/or adsorbed on the piping w a l l s .  
Samples of gas were taken t o  detercline the concentration of the 
decomposition products, but analyses are  no t  complete. 

Re- 

Gas -Atmosphere Studies 

Graphite Burnout Monitoring. 
discharged from channel 3478 a t  D-Reactor. 
period from January 3, 1963 t o  May 1, 1963. 
two peaks a t  the usual positions of 80 and 168 inches in to  the 
graphite stack. The height of the first peak w a s  23s per 1000 
operating days ($/KOD), and the second was about 1.5$/KOD. 

Small graphite burnout monitors were 
The t e s t  covered the 
The p ro f i l e  showed 

Monitors were also discharged from channel 2577 a t  H-Reactor. 
t e s t  w a s  from August 2,1962 t o  May 3, 1963. 

The 
The results revealed 
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. high r a t e s  from 50 t o  92 inches in to  the graphite stack. 
Fn t h i s  area ranged between 14 and 25$/KOD; however, the monitor 
fa r thes t  upstream a t  46 inches measured 66$/KOD. 
vis ible  Indications, such as deep p i t s  o r  abrasions, t o  suggest un- 
usual handling of t h i s  sample. 
constructed from CSF graphite, which is a h i g h - p ~ i t y ,  reactor- 
grade material, and they were used i n  a previous test i n  channel 
2577 where no large differences i n  ra tes  appeared. 
t inc t ive  appearance of the sample w a s  a def in i te  taper. 
laboratory t h i s  geometry resu l t s  when a highly reactive gas impinges 
on one end of a piece of graphite. It seems l ikely,  then, tha t  t h i s  
monitor gave a re l iab le  weight loss and tha t  a s ignif icant  quantity 
of a i r  entered t h e  reactor atmosphere. Gas analyses and reactor-gas 
losses are  being checked f o r  t h i s  possibi l i ty .  

The ra tes  

There were no 

Furthermore, a l l  the monitors were 

.The only dis-  
In  the 

Graphite-Zirconium Compatibility in N-Reactor. 
N-Reactor atmosphere computer program (cf. HW-77397 A )  have been 

The resu l t s  of the 

correlated by means of an empirical expression which re la tes  maxlmum 
graphite burnout ra te ,  R($/KOD), maximum graphite temperature, T-, 
i n i t i a l  water vapor p a r t i a l  pressure, pHz0 (mm), and i n i t i a l  hydrogen 
p a r t i a l  pressure, pH2 (mm). 

-- R = (T,,, - To)  s P%O 

where: To = (0.076 < p 7.6) - H2 - 0.0286 
'log (p ) + 6.2 

H2 
(0.076 < p  < 0.76) - He - S =  

208 

'and S 3: 0.030 

The equation applies i n  the T- range from 750 t o  820 C and f o r  
volumt flows t o  the reactor in the range 400 t o  1000 cfm. 
phasized in l a s t  month's report the numerical values obtained from 
the program can only be considered as order of magnitude estimates 
u n t i l  additional experimental resu l t s  a re  obtained t o  more accurately 
f i x  the  values of the various parameters tha t  go in to  the computation. 

As em- 
. 

mnet i c s  of the Water Gas Shi f t  Reaction. It was  reported in March 
1963 t h a t  there was l i t t l e  reaction observed between H2 and CO as a 
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He-CGH2 mixture passed over an eight-inch graphite bar, 1-7/8 inch 
i n  diameter, i n  a two-inch ID quartz tube (H2 + CO + H20 + C). 
The water gas s h i f t  reaction (H20 + CO L7 Co;! + He) was invest i -  
gated i n  the same apparatus by observing how much water i s  l o s t  when 
CO is  added t o  an H20-He mixture, and again l i t t l e  reaction was ob- 
served. The apparatus has been subsequently changed so  that  the  gas 
instead of passing over the graphite flowed through a graphite 
thimble 13/16-inch i n  thickness. This procedure increases the 
graphite surface area i n  contact w i t h  the  gas. 
completed t o  date, and s ignif icant  reactions between CO and H20 were 
observed. 
rapidly above 500 C (932 F) .  This sequence of experiments indicates 
the homogenous gas phase reaction is much slower than the surface 
catalyzed reaction which would imply the s h i f t  reaction would be an 
important source of water loss i n  graphite reactor tube block, but 
may not be as s ignif icant  i n  the reactor gas channels, unless 
radiation accelerates the homogenous reaction. 
planned on the reverse water gas reaction. 

Six runs have been 

The reaction was slow a t  400 C (752 F) but increased 

Additional runs are  

Process Tube Development 

Stress  Rupture Testing of Reactor Pressure Tubes. 
cold worked N-Reactor pressure tubing has been subjected t o  s t r e s s  
rupture tes t  without benefit of previous autoclave treatment. I ts  
performance w a s  great ly  infer ior  t o  similar tubing tes ted  after 
having been autoclaved. A similar tendency had been noted e a r l i e r  
i n  the performance of 3O$ cold worked KER tubing tes ted  i n  the un- 
autoclaved condition. For example, i n  3 6  cold worked tubing a t  a 
hoop s t r e s s  of 57,000 p s i  and a temperature of 300 C (575 F )  the  
primary creep ($), minimum creep rate ($/hr) and rupture t i m e  (hrs) ,  
respectively, were 0.25, 0.0002 and 4926 f o r  butocalved N-Reactor 
tubing; 1.2, 0.005 and 209 f o r  unautoclaved N-Reactor tubing; and 
0.8, 0.0014 and 1174 f o r  unautoclaved KER tubing. 
ferences i n  microstructure have been noted, it appears t ha t  some so r t  
of aging phenomenon accompanies the  autoclave treatment. 
specimens i n  both the autoclaved and unautoclaved condition w i l l  be 
tes ted  t o  confirm these tentat ive results. 

A section of 30s 

Although no d i f -  

Additional 

Thermal Hydraulic Studies 

Present Reactor Studies. Response times were determined f o r  two 
thermocouple assemblies under study f o r  use as out le t  water tem- 
perature monitors a t  H-Reactor. 
constantan thermocouple inserted i n  a w e l l ,  *-inch long x 7/32-inch OD 
x 5/32-inch I D .  
determined with the assembly imnersed suddenly i n t o  boiling water 

Each assembly consisted of a copper- 

The response time of each thermocouple assembly was 
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and a l so  when the  assembly was ins ta l led  i n  a flow system where the 
t e w r a t u r e  of the flowing water was changed suddenly. 
temperature indications were recorded on high speed recorders. 

A time of four seconds t o  respond t o  634 of a sudden change i n  tem- 
perature has been deemed desirable i n  order f o r  the thermocouple t o  
give adequate infomation following a reactor power surge o r  a flow 
decrease. 
the difference between the i n i t i a l  and f i n a l  temperatures as deter- 
nined from a bare w i r e  reference thermocouple, were obtained. 

In  each case 

The following results, reported as t i m e  t o  reach 63$ of 

Time, sec Time, sec 
T/C #l (For boiling water case1 (For flowing water case) 

1 6.9 5.14 

2 5.94 4.32 

In  the case of T/C #I, it w a s  found that the thermocouple wires were 
twisted together above the intended junction and were forming a 
junction which would be sonewhat insulated fromthe wall of the well 
i n  comparison t o  the case fo r  the intended junction. 

-- 
-11-Reector Studies. 
a b i l i t y  and intensi ty  of boiling under the  devices used t o  support 
the fue l  pieces within tne process tube i n  N-Reactor. 
i n  this l i e s  i n  the f a c t  tha t  water quality s tudies  have indicated 
t h a t  i f  LiOH (the pH control media f o r  N-Reactor primary coolant) 
concentrates &?der a self-support, as might occur wi th  boiling, severe 
corrosion of the Zircaloy jacket can occur.. 

Efforts were made t o  t r y  t o  predict  the prob- 

The in te res t  

One method of calculation has been t o  modify correlations existing i n  
the l i t e r a tu re ,  which predict boiling on an unobstructed surface, t o  
the case of N-fuel supports by using laboratory data of boiling under 
supports. 
data were obtained f o r  the present reactors and the limited data f o r  
unobstructed surfaces do not check the correlations.  Another calcu- 
lation being t r i e d  i s  t o  calculate the  water temperature under the 
supports assuming a decreased flow rate a t  tha t  point and adjusting 
the results t o  fit resu l t s  obtained w i t h  visual s tudies  performed 
f o r  present reactor supports. 
is  the  e f f ec t  
pieces 8s compared t o  those used i n  the present reactors. 
perimental data are obtained fo r  the N-Reactor supports, it appears 
that  the accuracy of the  calc-dations will be l imited.  

This method has some uncertainties since the laboratory 

A n  uncertainty i n  t h i s  case, however, 
of the different  support shape used on N-Reactor fue l  

Until ex- 
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In other studies for  the N-Reactor, equations were derived t o  f i t  
the boiling burnout data obtained f o r  the outer and center flow 
a.nnuI.1. These equations are: 

For the outer flow annulus: 

and f o r  the center flow annulus: 

G = coolant mass velocity, l b  3 hr-sq f t  f t  
where (Q/A)BO = burnout heat flux, B/hr-s 

AH = loca l  enthalpy minus saturation enthalpy, B/ lb .  

Nearly a l l  of the  experimental data a t  1500 psig f a l l  within f 25$ of 
the l i n e s  defined by these equations. "he data f o r  the equations 
range from 20 F subcooled t o  3 6  out le t  qual i ty  f o r  a flow ra t e  of 
500,000 lb/hr-sq f t ,  and from 40 F subcooled t o  55 out le t  quali ty 
f o r  a flow ra te  of j,OOO,OOO lb/hr-sq ft. These equations are  not 
meant t o  be general correlations but are mainly f o r  use i n  the  
application of these data t o  the  N-Reactor. 

6. Shieldinn Studies 

MAC Code Development. MAC code has been run several  times during the  
month f o r  two purposes: (a)  checkout of several changes t o  the gama 
subroutines, and (b) f o r  an analysis of water shielding f o r  the FSPPR 
concept. 

Several changes have been adopted i n  the  MAC gamma subroutine. 
code now produces consistent gamna ray calculations and eliminates 
the  problem pointed out by U. Canali, EURATOM, I t a ly .  

The 

Progress I s  being made with.BARNS Code. 

ready f o r  MAC input. 

Fast  Neutron Spectromter. 
for core measurenents may be useful f o r  ex-perimental shielding studies. 
A He3 spectrometer has been ordered by Nucleonic Instrumentation 

The unit weight deck has 
. been checked out. This code i s  being modified t o  supply cross sections 

A f a s t  neutron spectrometer being procured 

I I O 3 4 5 0  
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Operation, and information i s  being sought concerning a neutron 
sensi t ive p las t ic  sc in ta l la t ion  pulse height (proton recoi l )  
device. 
multichannel analyzer t o  complete the system. 

These spectrometer tubes w i l l  be coupled t o  an available 

w. A proposal was prepared 
f o r  NRD - Research and Ehgineering suggesting an experimental 
evaluation of the N-Reactor shields. The proposed experimnts 
consist of a ser ies  of neutron and g a m  ray flu and energy ma- 
surements t o  be taken during the in i t ia l  physics and s tar tup t e s t s  
of the N-Reactor. 

The measuremefits are proposed t o  be taken i n  a shield plug f a c i l i t y  
which penetrates the N-Reactor top primary shield.  
from the shield plug (supplemented by analyt ical  determinations) 
w i l l  allow: 

The data taken 

(a )  Evaluation of various N-Reactor shield surfaces (by 
application of the analyt ical  methods developed t o  f i t  
the experimental shield plug data),  

(b)  Evaluation of the  m a x i m  power level  a t  wnich the reactor, 

( c )  Prediction of shield deterioration (loss of water and/or 

,.from a shielding standpoint, can operate, 

radiation damage, and 

(d) Assessment of possible needs and methods f o r  shield pro- 
tect ion mechanism and procedures. 

7 . i  Reactor Technology 

Large Fast Reactor Study - Thorim Case. Exploratory core design 
calculations were completed f o r  a 3000 Mw, 5000 l i t e r  PuQ-Th& 
fueled,reactor.  
w i t h  a spherical geometry representation fo r  core and blanket. 
investigation of sodium reac t iv i ty  coefficients w a s  a l so  carried 
out as a function of coolant volume fraction. The resu l t s  of these 
in i t ia l  calculations are given i n  the  following table:  

A l6Lenergy group diffusion theory model-was <sed 
An 
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Core 
Composition 

23 v/o Fe 
47 v/o Fuel 
30 v/o Na 

23 v/o Fe 
37 v/o Fuel 
40 v/o N a  

23 v/o Fe 
27 v/o Fuel 
50 v/o Wa 

A-19 W-77709 

k k (void) 
Blanket h 0 2  

Composition Ehrichment* - 
15 V/Q Fe 14.25% 1.002 1.021 
70 v/o m@ 13.58 0.965 0.984 
15 v/o Na 

Same 16.5s 1.052 1.075 
16.6 1.031 1.054 

Same 19.05 1.086 1.107 
18. o$ 1.048 1.069 

*Pu Isotopic composition: Pu-239 57% 
Pu-240 29 
Pu-241 10 
Pu-242 4 

A s  anticipated f o r  t h i s  core size,  a posit ive sodium density co- 
e f f i c i en t  i s  obtained. In a l l  cases an Increase i n  reac t iv i ty  of 
close t o  2% Ak/k i s  observed upon complete loss of sodium from the 
core. 
coefficient i s  re la t ive ly  insensitive t o  the sodium volume fraction. 
Therefore, L/D r a t io s  much different  from unity o r  some other a l -  
ternate  method f o r  reducing the sodium coefficient must be devised 
l o r  t h i s  reactor design. 

It thus appears that  f o r  L/D r a t io s  near unity t h e  sodium 

A potent ia l ly  higher U-232 equilibrium concentration than i s  the 
case f o r  thermal breeders s indicated i n  a study carr ied out by 
NDA on f a s t  Th-233 systemstl). This calculation i s  derived from 
effect ive cross section r a t io s  which are estimates based upon limited 
data. 
t o  fue l  handling, an independent estimate of t h i s  problem i s  being 
made. 

Because of the  difference i n  f u e l  and the importance of U-232 

I n i t i a l  surveys of possible power recovery cycles and correspondence 
with the  Large Steam Turbine Department indicate t ha t  it w i l l  be 
most expedient t o  make minor revisions i n  the steam cycle proposed 
by APED f o r  the Sodium Modular Reactor t o  adapt it t o  the conditions 
f o r  power recovery cases t o  be included i n  t h i s  study. 
steam cycle has a peak temperature of 900 F vs a peak of 950 F cur- 
ren t ly  envisioned f o r  t h i s  reactor w i t h  power recovery. 

71) A . J .  Goldmn, e t  a l . ,  "A Feas ib i l i ty  Studi of Fast U-233 - Th 

The SMR 

Breeder Reactors, " NDA 2134-3, October 1960. 

UIJCLASSIFIED 
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8. Graphite Studies 

I?-Reactor Graphite Irradiations.  
continue t o  proceed sa t i s fac tor i ly  i n  the  GETR. 
capsules successfully completed another cycle of i r radiat ion on 

Irradiations of N-Reactor graphite 
The H-6-2 and H-4-3 

MY 5 .  

B. WEAPONS - 03 PRERAM 

Research and development in  the f i e ld  of plutonium metallurgy continued 
i n  support of the Hanford 234-5 Building Operations and weapons develop- 
ment programs of the University of California Lawrence Radiation 
Laboratory (Project Whitney). Details of these ac t iv i t i e s  are -reported 
separately via dis t r ibut ion lists appropriate t o  weapons development 
work. 

UNCLASSIFIED 
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1. Plutonium Recycle Program 

m- 7770s 

Fuels Development 

PRTR Fuel Element Inspection. 
examined i n  the basin and selected elemnts  were examined i n  the 
Fuel Element Examination Faci l i ty  (FEEF). The basin examination 
consisted of a complete visual inspection of t he  elements and 
ring gaging the diameter over the gussets. As a resul t  of the 
basin examination, two elements were rejected f o r  broken rod wire 
wraps and six elements were examined more thoroughly i n  the F". 
m e  of these six was tentatively refected because of a questionable 
mark on the octer surface of one rod. A t o t a l  of 10 fue l  examina- 
t ions were performed i n  the FEE)?. In general, the condition of the 
fue l  elements appears good; however, the following signii'icant ob- 
serlations were made : 

The en t i re  PKllR fue l  loading was 

(1) Ymy elements have accumulated scratches on the i r  external 
surfaces. 
la ted t o  the age of the element. 

The number of scratches i s  not necessarily re- 

( 2 )  Circumferential band type bundle wraps have been snag& 
' and displaced on many elements. 

(3 )  Rod wire wraps have loosened on some of the Al-Pu spikes 
as a resul t  of rod shortening, thus indicating tha t  core- 
clad interaction has occurred. 
by loose wires has been observed. 
are  t igh t  during operation. 

No f r e t t i ng  or wear caused 
Apparently the wires 

(4) Corrosioa 02 spacing wire spot fusion welds has occurred 
on some plutonim-containing elements. 

(5) The surfaces of some fue l  rods are  discolored. The degree 
of discoloration seems t o  increase witi.1 exposure. This 
discoloration i s  probably caused by the surface staining 
which resul ts  Trom inadequate rinsing a f t e r  the etching 
treatment. 

(6) The clip-on wear pads on the U&-Pu@ elements are per- 
forming sat isfactor i ly .  

(7) Several elements had bent hanger pins which required re- 
placing . 
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Post-Irradiation Examination of PF3R Fuel Elements. The indivrdual 
fuel rods from a vibrationally compacted Uo;!-PuQ, PRTR Mark-I 
element that  f a i l ed  i n  the PFU’R were examined i n  de ta i l .  Three of 
t h e  rods i n  the elenent had failed.  A l l  three failures occurred i n  
the  heat affected zone of the top end cap weld ( th i s  area does nct  
have UQ-PuQ fue l  adjacent t o  the cladding) and appear t o  have 
been caused by severe localized corrosion. 
par t iculates  were released t o  the primary coolarit following the 
failure of t h i s  element i n  the PRTR. The defect mechanism prcceeded 
rapidly since the  element exposure was only 106 MWD/T and the three 
fue l  rods apparently f a i l ed  a t  approximately the same time. A post- 
i r radiat ion examination i s  being conducted t o  determine the cause of 
failure. The two most l i ke ly  poss ib i l i t i es  appear t o  be contamina- 
t i on  of the Zircaloy during welding or  the presence of some inpur i ty  
i n  the fue l  material which caused severe corrosion from the inside. 
( A l l  rods were loaded from the same batch of Uo;?-R@.)  
of the  fue l  material and corrosion products as w e l l  as metallographic 
examination of the  defect area are  i n  progress. 

Undetectable amaunts of 

I 

Analyses 

I r radiat ion Testing of Prototypic EBWR Fuel Rods. 
compacted capsules (GEIf-14-421, -422, -423, and -424) cor,taining U@ 
(depleted) - 2.5 w/o Puo;! fue l  were inserted i n  the ETR f o r  irradia- 

EBWR fuel rods are being tes ted t c  determine the i r radiat ion behavior 
( in  par t icular ,  the release of f i s s ion  gas) of Uo;!-P;@ fue ls  of the 
types now under consideration f o r  BWR fue l  elenents. The F1utoni-a- 
bearing EBWR fue l  elements are t o  be fabricated by the Vipac (Yibra- 
t iona l  compaction) process. 
tablished, but the  most recent information indicates +hat the  fxe l  
composition may be lowered from U$ (depleted) - 2.5 w/c FU@ t o  
Uo;! (depleted) - 1.5 w/o Puo;?. 

Four vibrationally 

t i on  ,in Cycle 55 which s ta r ted  May 13, 1963. Tnese short simulated 
(+:%+< x-*\ *&-’ 

The exact composition has not been es- 

Recycled PRTR Fuel. 
recycled PRTR plutonium was completed; the first c lus te r  was 
charged Into the PRTFt. 
flu monitoring were completed; each of the c lus te rs  contained 
three rods with sintered cTQ-Pu@ pe l l e t s  and the remaining ro2.c were 
swage o r  vibratory compacted. 

The second U02-RiO2 f u e l  c lus te r  cozitairring 

Five c lus te rs  w i t h  Zr-Co wire wraps f o r  

Nondestructive Test f o r  Plutonium Segregation. 
ments of Pu concentration correlated w i t h  calibrated U@-Pu@ rods 

Garma scan measure- 

in the  range 0.1 t o  lo$ Pu. 
all PRTR fue l  rods before c lus te r  assembly. 
planned t o  determine gamma scan sens i t i v i ty  t o  radial Pu dist r ibut icn.  

A program was initiated t o  gaxna scan 
F’urther t e s t s  are 
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Parder Loading Studies. 
was obtained i n  '%bottle loaded," vibrationally compacted, U% - 
0.48 Puo;! fue l  rods of P#pR size.  The bottled powder w a s  blended 
fo r  one hour before loading. 
by these techniques t o  determine s t a t i s t i c a l l y  the r e l i a b i l i t y  of 
bo t t l e  loading. 

A uniformity of Pu dist r ibut ion of f 0.1 w/o 

Three PRTR fue l  c lusters  w i l l  be made 

me1 Element Design Studies. 
ring-type, continuous contact surfaces on each end bracket has been 
exposed f o r  77 days in the TF-7 f a c i l i t y  at  PR!l'R coolant conditions. 
Only superficial  wear has occurred on the ring contact surface of the 
bottom end bracket. 

A U%, PKPR Mark-I fue l  element with 

Fuel Element Rupture Studies. 
the use of the PRTR Rupture Loop f o r  evaluating both operating and 
rupture behavior of PRTR and exploratory PRP f u e l  elements. 

Hazards Analysis. 
Fabrication P i lo t  Plant (308 Building), HU774007-FD, PartI, was 
issued. 

A program l e t t e r  was issued proposing 

The Faci l i ty  Hazards Analysis f o r  the Plutonium 

Irradiat ion of Uranium-Plutonium Oxide. 
selected areas of irradiated (U,Pu)@ fue l  capsules (Gm-14-86) were 
obtained by using an ultrasonic microsampling uni t  i n  conjunction 
with high resolution fi lm plate autoradiographs. 
been removed from 10 irradiated UOpPu$  capsules and from one ir- 
radiated Al-Pu-Ni al loy capsule. 

Analytical samples from 

Specimens have 

Fast Reactor-Thermal Reactor Exchange Element. 
the Fermi-PIQR proposed exchange element and the special PER process 
tube i n  which it w i l l  be irradiated were submitted f o r  nuclear 
safety review. 
operating levels.  

The designs of both 

Both components were approved f o r  present reactor 

Pneumatic -action of Plutonium-Containing Materials. 
impaction equipment and techniques being developed f o r  fabrication 

Pneumatic 

of EBUR fue l  material were used t o  compact a sample of metallic 
plutonium powder fo r  Plutonium Metallurgy Developnent. 
c a l  properties of the impacted specimen w i l l  be compared w i t h  those 
of similar specimens fabricated by conventional pressing and sin- 
tering techniques. 

The mechani- 

The pneumatic impaction technique was used t o  denisfy 1100 grams of 
pU@ a t  one t i m e .  Density achieved was 10.89 g/cc (95.1$ TD). 

UNCLASSIFIED 
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Remote Fuel Element Closure. 
fabrication f a c i l i t y  was installed; it operated sat isfactor i ly .  

The welding turntable in the remote 

Fbel Refurbishing. Equipment fo r  quickly and rel iably positioning, 
tightening, and securing a c luster  fue l  element wire spacing member 
remotely, under approximtely 10 fee t  of water, was developed and 
fabricated. 

Fuel Element Rejuvenation. 
i s  ready fo r  return t o  tne MIIR. 
adding enriched Uo;! t o  a fuel rod fromthe fue l  assembly which had 
been irradiated i n  January i n  the MIIR. 
21-02 tube in the center of the fuel  rod. 
t o  the rod and the rod welded into a cruciform containing three 
other previously assembled fue l  rods. 
approximately two inches from the rod end, was 500 R. 
heat flux of the element during the second cycle w i l l  be approxi- 
mately twice tha t  of the original. 

The re  juvenation fue l  element (GEH-4-81) 
Rejuvenation was accomplished by 

The Uo;! was packed into a 
A new cap was then welded 

The radiation level, measured 
The surface 

Magnetic Force Resistance Welding Studies. 
decontaminated a f t e r  welding beryllium. 
It i s  approximately three times as large and w i l l  provide improved 
access,to the working par ts  and greater freedom of movement within 
the chamber. 

m e  welding chamber was 
A second chamber was ordered. 

Corrosion and Water Quality Studies 

Corrosion of Various Stainless Steel  and Nickel Base Alloys. 
corrosion rates  have been obtained on various s ta inless  s t ee l  and 
nickel base alloys exposed 100 days i n  550  C (1022 F), 3000 ps i  de- 
oxygenated water. 
t ro ly t i ca l ly  w i t h  a molten caustic bath and weighed. The corrosion 
weight losses fo r  each alloy were converted in to  mils penetration. 
The alloys majj be grouped into three general orders of increasing 
corrosion. 
Incoloy, Inconel "X", A I S I  446 s ta inless  s tee l ,  Hastelloy "X", 
Nichromc V I ,  PDRL-102, and R-27. 
rosion) includes two experimental Fe, C r ,  Al alloys, and 17-4 pH 
sta in less s tee l .  
the t e s t  includes two heats of A I S I  406 stainless  s teel ,  AISI 430 
s ta inless  s tee l ,  A I S I  316~ stainless  s tee l ,  and A I S I  304L stainless  
steel. 

Descaled 

Samples of the various alloys were descaled elec- 

m e  most corrosion resis tant  group (< 0.1 mil) incluces 

The next group (0.1 t o  0.2 m i l  cor- 

The l eas t  res i s tan t  group of alloys (> 0.2 mil) in  

@- 

A comparison with corrosion r e s d t s  obtained previously i n  oxygenated 
steam a t  550 C (1022 F), 3000 ps i  has snom very l i t t l e  difference 
between oxygenated (3-4 ppm) and deoxygenated (e 50 ppb) steam. 



Except f o r  one heat of AISI 406 s ta inless  s tee l ,  the three general 
order of groups have remained the same. 
stainless  s t ee l  has shown an increased corrosion and has shifted 
from group two t o  group three. 

The one heat of AISI 406 

A metallograpnic examination of the as-corroded alloys has revealed 
a re la t ively uniform corrosion attack. 
sign of intergranular or  internal oxidation. 

There was no significant 

Fretting Corrosion of PKllR Element. 
on a modified PM'R fuel  element having a f u l l  3600 support t o  mini- 
mize f re t t ing .  After 40 days i n  TI?-7 a t  530 F with external vibra- 
t ions (30 cps, 7-8 mils deflection), no f r e t t i ng  was detected on the 
supports or on the tube i n  the area of the supports. Approximately 
f ive  mils metal was removed from a single-rod wire wrap a t  three 
locations where it contacted the pressure tube wall. 

Additional exposure was obtained 

Msasurement of Zirconium i n  PRTR Primary Coolant. 
t r a t ions  i n  the P D  primary coolant are  being measured routinely 

Zirconium cancer,- 

using emission spectrographic techniques. 
concentrations have generally been i n  the normal range of 0-1 ppb 
with no indication of accelerated ( f re t t ing)  corrosion. 
previous data i n  terns  of PKllR operation indicates t ha t  high z i r -  
conium concentrations were encountered on four separate occasions 
following pressure tube-nozzle regasketing operations. 

During the past montn the 

A review 'of 

Decay of Activity After Shutdown i n  PRTR. 
radiation surveys of the ac t iv i ty  at  different  locations of the PFUR 

In the past routine 

primary system have been taken 8-12 hours a f t e r  shutdown. To provide 
a basis for comparison with readings taken during decontamination, 
fo r  example, when short-lived ac t iv i t i e s  have decayed, surveys of t t e  
primary system were made 8, 32, and 104 hours a f t e r  shutdown. The 
f i r s t  data were obtained during the past month. Tne greatest  ra te  
of decay occurred between 8 and 32 hours a f t e r  sbutdown; factors 
varied from 2 t o  20. After 32 hours, the decay was minor; i n  nost 
cases, the readings a f t e r  104 hours were about the same as a f t e r  32 
hours. 

Reactor Components Development 

Pressure Tube Monitoring. 
B r k  I11 monitoring equipment. 
section has been delivered. 
objective lens section i s  pending completion of I D  gaging of the PRTR 
process tube t o  be instal led i n  the EDEL-1 loop. Electr ical  wiring 
fo r  instrumentation and operating controls i s  now approximately 505 
complete. 

Work continued on the assembly of the  
A new borescope objective lens 

Instal la t ion and checkout of the new 

Un'CLASSIFIED 



p#mz Pressure Tubes. 
burst t e s t s  have been perforxsd. 

Four of f ive  planned elevated temperature 
These t e s t s  w e r e  done at  tem- 

peratures of 200 F (93C), 300 F (149 C ) ,  and 400 F (204 C ) .  
The purpose was t o  obtain data t o  slmw how burst t e s t  strength 
and elongation of irradiated PKFR tubes i s  influenced by tem- 
perature. 

The burst t e s t  data obtained previous t o  these four t e s t s  indicate 
tha t  a burst t e s t  t eqe ra tu re  change of 100 F (37 C )  would cause 
lo$ or  greater change in ultimate tens i le  strength. The resul ts  
obtained from these four t e s t s  confirm the le per 100 F dependency 
f o r  &ealed material. 
was included i n  t h i s  group, and it indicated tha t  cold worked 
material may not have a lO$ per 100 F dependence. 

Tube number 5683 was discharged from the PKI'R on April 5, 1963. 
Six burst t e s t  specimens were cut f romth i s  tube by using remote 
cutting tools fo r  underwater work a t  the PRTR basin. 
specimens w i l l  be used t o  examine areas on t h i s  tube adjacent t o  
fue l  element sugports, two w i l l  be used t o  examine defects on the 
0 of t h i s  tube and two w i l l  be used t o  examine the effect  of the 
PIZTR environment on the burst and other metallurgical properties 
of the annealed and cold worked portiors of the tube. 

Only one specimen of cold worked material 

Two of these 

Second Generation Mechanical Shim Rod fo r  PRTR. Detailed design 
of the ent i re  shim rod assembly is estinated t o  be go$ complete. 
All drawings are  now i n  check pr in t  status.  Fabrication of com- 
ponents fo r  both assemblies is now proceeding concurrently and is 
considered t o  be 5 5 s  complete. 
b a l l  screw assemblies i n  which .the screws G i l l  be fabricated of 
Zircaloy-2. 

An order has been placed for three 

Delivery 03 these rods i s  scheduled fo r  August 1. 

Shim Rod Environmental Test Facil i ty.  
with a new first-generation PEiTR s h i m  rod instal led i n  it has 
continued during the  month. 
ogerated br ie f ly  every two days. 
drive t o  coast down i s  s%ill  present although t o  a lesser  degree 
than when the rod was i n i t i a l l y  installed.  
given t o  devices t o  prevent t h i s  uncontrolled movement. 

Operation of the f a c i l i t y  

The shim rod assembly has been 
The tendency f o r  the single rod 

Consideration i s  being 

A control console has been assembled fo r  use with the second genera- 
t ion  shim rods. The selsyr position readout equipment was instal led 
in the  console. Operation cf the selsyn position readout equipment 
has been accomplished successfully. 
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Considerable d i f f icu l ty  has been experienced with the p las t ic  t e s t  
section fogging on the inside. 
a change i n  the composition of the p las t ic  which renders it trans- 
lucent rather than transparent. 
replaced w i t h  one made of glass. 

The hot water is apparently causing 

The p las t ic  t e s t  section w i l l  be 

Frett ing Corrosion Investigation. 
oscillographic recorder have been received; three remain t o  be de- 
livered. 
Procurement of material i s  estimated t o  be 9 6  complete. 
equipment i s  scheduled for  delivery by June 15. 
t e s t  p i t  piping has been started.  
fue l  element fo r  use i n  the t e s t  p i t  mockup was s tar ted and i s  es- 
timated lC$ c c q l e t e .  

Four amplifiers fo r  use with tne 

Design of the piping t o  be used i n  the t e s t  p i t  is coq le t e .  
Remaining 

Instal la t ion of the 
Fabrication of an instrumented 

PKFR Rupture Loop Components. 
connectors, replacements furnished by Gray Tool Company because of 

The three s ta inless  s t ee l  Grayloc 

a design e r ror  on the original connectors, were received. 
is presently i n  progress on one of these t o  determine the leak ra te  
during temperature cycling. 
completed. 
sults have not been analyzed suff ic ient ly  t o  determine trends. 
t o t a l  of 93 hours of steady s t a t e  conditions of 600 F and 2100 psig 
have been logged. 
0.0147 l b  md 0.0252 lb/day. 
cycles 1 throuigh 10 was 0.0135 lb/day, although f o r  cycles 3 through 
8 the sampling l i r e  was clogged. 
through 20 was 0.0177 lb/day. 
tween a minimum of 0 and a maximum of 0.529 lb/day. 

Testing 

About 29 cycles out of 50 have been 
Leakage rates  have fluctuated sporadically and the re- 

A 

The steady s t a t e  leak rates  nave varied between 
The average over-all leak rate fo r  

The over-all leak rate  for  cycles 11 
Leak rates  during heatup varied be- 

FRJ33 Pressure Tube Seals. The design of a 3-station pressure tube 
sea l  t e s t  assenibly f o r  use i n  conjunction with EDEL-I i s  complete. 
Fabrication was s ta r ted  and is  estimated lO$ complete. 
ponents are on hand except fo r  a few stainless  s t e e l  f i t t i n g s  which 
a re  scheduled fo r  delivery June 14, 1963. 

’ All com- 

Shroud Tube Replacement Mockup. 
mockup p i t  i s  estima+,ed t o  be 9 6  complete. 
for  and fabricatiozr of the mockup crates which will be instal led i n  
the p i t  was s tar ted by Minor Construction. Design of tools fo r  use 
i n  shroGd tube removal and replacement was s tar ted.  

Construction of the  shrodd tube 
Procurement of materials 

Plutonium Recycle Program Hazards Analysis 

General. 
discharge method fo r  the PRTR Fuel Element Rupture Test Faci l i ty  

The f i n a l  response t o  the audit of PRTR operation aEd the 
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were reviewed by the General a e c t r i c  Technological Hazards Council 
a t  the eleventh meeting. 
accepted and the discharge mthod f o r  the rupture loop was accepted 
as assuring adequate safety provided a check valve i s  added t o  the 
pressure tube in l e t  hose f i t t i ng .  

Notification was received of AIZC approval of the  proposed increase 
of limits on PRlTR maximum heat t ransfer  flux and tube power t o  
650,000 Btu/(hr) ( f t2)  and 1800 kw, respectively. 

A stqdy h8s been completed t o  determine t h e  appropriate revision of 
the PR!l% aqueous effluent ac t iv i ty  l imits  when the new water t rea t -  
ment plant a t  Richland begins operation. 
only four miles downstream of PRX'R instead of t'ne present 16 miles 
t o  the nearest sanitary water intake, a change i n  the  PRlTR aqueous 
effluent ac t iv i ty  limits w i l l  be necessary. 
new, more sensitive aqueous ac t iv i ty  monitors a t  PEiTR before the new 
Richland plant begins operation. 
alarm point w i l l  be reduced by a factor  of 10, but the automatic 
aqueous containment t r i p  point w i l l  remain unchanged. 

Recovery From Convection Cooling. 
determine how recovery of the P€€TR primary coolant system from 
boiling convection cooling can be accomplished without (further) 
degradation of the D20. 
covery without further loss or  degradation of D20, without the 
necessity fo r  sending personoel in to  the containment vessel, and 
with minimal thermal shock t o  the system. 
power is  restored, reduction of the s t e m  generator pressure should 
be discontinued and a D20 injection pump should be operated un t i l  
the primary coolant system pressure s t a r t s  r is ing rapidly, because 
of covering a substantial  par t  of the condensing surface i n  the 
steam generator tubes, exposed a t  the onset of boiling convection 
by the expulsion of D20 through the pressurizer re l ie f  valves. 
jection should be stopped a t  a primary coclant system pressure of 
about 500 psig and boiling convection 8llOVed t o  continue about an 
hour t o  reduce temperature differences in the primary loop. The 
injection pump should then be operated un t i l  the system pressure 
reaches 900-1000 pslg, the ring header vent valve opened, and a 
primary coolant pump started.  
coolant pump would be reduced great ly  in volume by the increase of 
the system pressure, and the pumg should e jec t  the vapor bubble, 
recover i ts  prime, and s t a r t  punping nonnally. 

The final response t o  the audit was 

Since t h i s  new plant is 

It is planned t o  in s t a l l  

The aqueous effluent ac t iv i ty  

b 

A study has been undertaken t o  

The following procedure would permit re- 

When normal e lec t r ic  

In- 

The vapor bubble in the primary 

Leakage from Steam Generator Under Aqueous Ccntainment. 
the consequences of leakage frornthe PFU'R steam generator while 

A study of 
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under aqueous containment has been completed. 
published as documnt HW-77677. 

The study w i l l  be 

Case studies presented show tha t  with a fuel  element rupture re- 
leasing the ent i re  contents of a single fuel  rod t o  the primary 
coolant, and a pre-existent leak of D20 into the steam generat r 
she l l  of 10 lb/hr, the aqueous effluent alarm limit of 5 x lo-‘ W/ml 
would be quickly reached, but the automatic containment t r i p  level  
of 5 W/ml would not be reached, even a t  the normal boiler blowdown 
rate .  Under present operating instructions, l e s s  than 60 curies of 
mixed f i ss ion  products would pass t o  the r iver  over an 8-hour period. 
More than half of t h i s  would escape via assumed leakage of 50 lb/hr 
of boi ler  water through a shutdown cooling valve, a 6-inch gate 
valve subject t o  f u l l  boi ler  pressure of 410 psig. 

If the incident were handled more promptly than assumed i n  the study, 
the i n i t i a l  peak emission during the f i rs t  half hour would not be 
greatly affected, but the ra te  of escape of contamination t o  the 
r iver  thereafter could be reduced from 1-2 curies/hr t o  8bout 0.5 
curie/hr . 
An incident causing a containment t r i p  i n  0.1 hr  a f t e r  the rupture 
was a l s o  analyzed. 
times as severe as i n  the cases above. In t h i s  case, several 
hundred curies of mixed f iss ion products would escape t o  the river;  
gC$ would escape through l iquid leakage and only lo$ through steam 
leakage. 

Both the D20 leak and the rupture were 7.65 

Removal of the shutdown cooling valve (no longer used) and provision 
of a steam generator depressurization valve discharging inside the 
containment vessel are reconnnended. 

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

mans f o r  modification of the PRCF f o r  light-water moderation and 
the conduct of c r i t i c a l  t e s t s  using Rr@-U@ fue l  rods fabricated 
f o r  the EBWR were reviewed by the General Electr ic  Technological 
HazaFds Council a t  the eleventh meeting. 
d i f i c a t i o n  f o r  l i gh t  water c r i t i c a l  t e s t s  but requested further 
Wonnation on the uniformity of dis t r ibut ion of Pu@ i n  the EBWR 
mixed oxide fue l  elements. 

The Council approved the 

Thermal. Hydraulic Studies 

Air Cooling of PR”R Fuel Elements. Experinentally determine3 heat 
t ransfer  coefficients f o r  a 19-rod bundle cooled by transverse a i r  
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flow were compared with values calculated from an equation developed 
by Colburn(l) fo r  cooling of staggered banks of tubes. 
mental data had been obtained with an e lec t r ica l ly  heated model i n  
t e s t s  investigating performance of the  PRTR Fuel mamination Faci l i ty  
cooling system. With air as the coolant, the Colburn equation re- 
duces t o  the following: 

The experi- 

0.6 - hnp = 0.3 G,, 

where: = 
D =  
G =  
Vf = 
Kf '  

average heat t ransfer  coefficient of rod 
rod diameter 
mass velocity based on minimum free area 
coolant viscosity a t  f i lm temperature 
coolant thermal conductivlty a t  f i lm t eqe ra tu re .  

The 19-rod bundle, w i t h  a central  rod surrounded by rings of 6 and 
12 rods, lacks the  symmetry of staggered tube banks with equal 
numbers of tubes in each bank. Earlier studies had shown that  use 
of the Colburn equation, with Gmax as defined above, produced good 
agreement w i t h  the data only fo r  rods located i n  the region of 
minimum flow area. 
thus, lower a i r  velocity, agreement was poor. 

p 9 . P .  
For rods in locations of greater f ree  area and, 

In the l a t e s t  comparison, the average velocity a t  each rod location 
was used t o  determine G. Calculations based on th i s  mass velocity 
showed good agreement between the equation and the experimental data; 
generally within lo$, with a maximum disagreement of 255. The com- 
parisons were made fo r  the center rod and f o r  rods a t  various loca- 
t ions i n  the two rings. 
90 ft /sec.  

Air velocit ies ranged from about 15 t o  

Plutonium Ceramic m e l s  Research 

Plut&ium Nitride. 
for 12 hours at 1700 C in a inolybdenum boat. 
slumped severely and flowed together during heating. 
may have been caused by formation of f ree  molten Pu a t  high tem- 
peratures . 

Pelletized PUN w a s  heated in  flowing hydrogen 

This action 
The PUN pe l l e t s  

Plutonium Borides. 
reacting mixtures of Pu%, carbon, and boron a t  1600 C in vacuum. 

Several plutonium borides have been prepared by 

(1) Colburn, A.P. , "Trans. Am. Inst .  Chem. Engrs. , I '  29, pp. 174-210, 
1933 
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Plutonium Cermets. The density of a pneuma i c a l l y  impacted, Pu13 - 
50 v/o W specimen was found t o  be 16.9 g/cm 
metallographic examination showed a nonuniform dis t r ibut ion 02 the 
PUN i n  the tungsten matrix. 
procedure should correct t h i s .  

B s t a b i l i t y  of Molten (U,Pu) C. Buttons of (U,PU) C, held molten 
fo r  increasing lengths of t i m e ,  showed a preferent ia l  loss of PU. 
Two 20-gram Suttons were prepared by arc-melting 20 w o PUC and 
80 w/o UC. In one sample the UC was s to ich iomtr ic  (d.8 w/o C )  
and i n  the other it was hyperstoichiometric (5.2 w/o C ) .  
i n g  buttons were remelted six times f o r  homogenization and then 
sampled. 
periods (1, 2, 4, and 8 minutes) and sampled a t  the end of each 
period. 
0.1 a f t e r  eight minutes. 

Plutonium Alloy-UOp Compatibility Studies. U Q  pe l le t s  w i t h  a th in  
wafer of Pu-15 w/o Z r  imbedded i n  each pe l le t  were heated i n  ?"lowing 
helium fo r  12 hours a t  1700 C. Chemical, metallographic, and x-ray 
diffract ion analyses showed no diffusion of the a l loy  into the UQ. 
The al loy oxidized t o  form Pu@ and an unidentified compound. 

I r radiat ion Performance of MgO-PuW. X-ray diffract ion data show no 
crystallographic changes i n  a MgO-13.52 w/o PUO;! specinen irradiated 
t o  an exposure of 0. j x 1020 fissions/cc. 
core temperature was 1700 C. 

Characterization of Pneumatically Impacted Pu@. 
powder i s  being densified into compacts by pneumatic impaction. 
first compact of plutonium dioxide powder d s  8 6  TD, w i t h  an O/Pu 
r a t i o  of 1.94. 
of 1.91. 

3 (106 TD). However, 

Modification of the powder blending 

The s t a r t -  

They were subsequently held molten f o r  additional time 

Both samples showed a regular decrease i n  PU/U r a t io  t o  

Tne calculated maximum 

Plutoni-m dioxide 
%e 

n?e second compact was 95.1s TD, with an O/Pu r a t i o  
X-ray diffract ion analyses are i n  progress. 

3. Ceramic (Uranium) m e 1  Research 

Electron Microscopy of U@-W Cermet. 
50 w/o W cernet a t  temperatures t o  1900 C were recorded by cine' 
micrography during reflection electron microscopy. 
etching and recrystall ization of the tungsten occurred above 1200 C. 
The Uo;2 retreated below the tungsten surface w i t h  increasing tem- 
perature. 
The 1900 C temperature was achieved w i t h  an input of l e s s  than 20 
watts. 

Thermal reactions of a U@- 

Extensive thermal 

The specimen w a s  heated with an auxiliary electron gun. 

UNCLASSIFIED 
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Pneumatic Impaction of Cemet Shapes. A technique nas been de- 
veloped fo r  fabricating complex cermet shapes b~ pneumatically 
impacting the powder in to  the  cavi t ies  of a mild s t e e l  block. 
The steel block containing the cermet powder w a s  inserted i n  a 
can, heated, and impacted. Tne steel was removed mechanically 
and ckemically, leaving a compacted sol id  of the  desired shape. 
The s t r x t u r a l  qual i ty  of tinin-wall cemets  fabricated by t h i s  
t echn iqz  nas been poor thus far. 

Preparation aad Properties of UOS. 
prepared by precipitation from a fused chloride melt a t  550 C 
revealed 84.7 2 1.5  w/o uranium (vs 83.2 w/o theoret ical) .  
Analyses fo r  oxygen and sulfur are i n  progress. 

Preparation and Properties of UP. 
the solid-solid reaction of uranium shot and red phosphoroils, con- 
ta ined onl:.r 2.8 T I / O  phosphorous (vs theoret ical  11.5 w/o). 
reporting t3e meltinG point of UP last  month, it w a s  assmed t n a t  
the okserved neltin: points were those having two-pkase niixture of 
UP and U@. Tnis conclusion now seem questionable because of tlie 
low pLosp3orous content. 

Eecause of t5e low p r o d x t  yield,  a solid-gas reaction of uranium 
shot and phosphine i s  now planned. 
tonium i s  also planned t o  produce Pup. 

Chemical analysis of U a S  

Uranium phosphide, produced by 

In 

g-\ ...;- 7 
k3 A similar reaction wi th  plu- 

Optical Absorption i n  U@ Single Crjs ta ls .  The absorption co- 
e f f i c i en t  (a) f o r  a single c rys ta l  U@ a t  room temperature has 
been neasured a t  wavelengths from 0..6 t o  12 nicrons. values of 
CY vary from 100 cm-1 a t  2 xxiicrons t o  1 c n d ~  a t  11 microns. ~n 
t he  infrared region between 3 and 1 3  microns there i s  a large 
opt ical  window with a minimum absorption a t  11 microns. These 
observations support predictions t h a t  internal  radiation con- 
t r ibu tes  s ignif icant ly  t o  heat t ransfer  i n  single crystal  U@. 

Transmission of Laser 3eam Through UQ. 
of a laser beam (wavelength .69p) w a s  signir 'icantly greater i n  
single crys ta l  U@ than in polycrystalline Uo;?. Transmission a t  
this wavelength i n  the  single c rys ta l  s ignif icant ly  decreased as 
the specimen temperature was increased from room temperature t o  
lo00 c. 
Thermal Conductivity of UO;. 
c r p t a l  U@ re la t ive  t o  polycrystall ine UO;! was neasured t o  1800 C 
using a rad ia l  heat flow technique. 

* 
Tae re la t ive  transmission 

The thermal conductivity of single 

The presence of a radiation 

. .  
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contribution, suggested by ea r l i e r  studies, was confirned i n  t h i s  
experiment tnyougii t;ie cse of tungsten coatings on hollow, cylin- 
d r i ca l  specimens. 
tungsten i s  t o  intercept a l l  radiation impinging upon it. 
permits precise computation of the t o t a l  flu% through the specinen 
from a measurement or' the specinen surface temperature. 
experiments yielded anomalous resul ts  because radiation passed 
d i rec t ly  through the specimens without being detected. 

Tne pwpose of the opaque surface layer of 
This 

Earl ier  

Conductivity ialues oStained t o  date coincide a t  intermediate 
temperatures (800 t o  1100 C) w i t h  tne measurements made by BMI. 
A t  1200 C, however, a naxinum of 0.065 watts cm-lC-1 occurs, 
followed by an exponential decrease t o  0.020 w a t t s  cm-lC-1 a t  
1800 C. 
of pressed and sintered U@ a t  1800 C. 
of single crystals a t  intermediate temperatures resu l t s  from in- 
t e rna l  transmission of iz'rared radiation. 
tenperatlrres i s  pro-Dsblj related t o  an increase i n  absorptio2 co- 
eff ic ient  . 

This 1ower.value i s  l O - l 5 $  greater than the conductivity 
The enhanced conductivity 

The drop-off a t  nigher 

I r radiat ion of Single Crystal U@. 
UO2 has been irra6iated fo r  310 days i n  the ETRto an estimated 
exposure,- of 5 x 1020 fissions/cc. Post-irradiation property mea- 
surements were in i t ia ted .  
ident ical  single crystal  previously examined a l t e r  i r radiat ion t o  
1.44 x 1020 fissions/cc. 

A single c rys ta l  of arc-melted 

Data w i l l  be conpared t o  those l o r  ai1 

Fission Product DistriSution. 
defected 0Llri:is irradiat ion show significant relocation oi" f iss ion 

AutoradiograpSs of fue l  elements 

. 

products i n  tile irmediate area of the defect, !The depletion band, 
generally associated with tlie high density portion of the c0lzm-m 
grains, is  enlarged near tne dei'ect. 

Materials and Infonnztion Exchange. 
OR& t o  provide 11 Uo;! pel le t s  (1-inch length by 0.430-inch 

A request was received Crom 

diameter) and single crystals  for  possible use as gan?ma aSsorptio- 
ne t r ic  standards i n  PJel iabrication studies. An irradiated U@ 
spechen irradiated i n  the Argonne TREAT reactor by APED was re- 
ceived f o r  ceramosraphic examination. 

I r radiat ion of Molten U@. 
designed t o  operate w i t ' ?  a completely nolten core was charged into 
the ETR on May 13, 1963. 
evacuated s ta inless  s t ee l  capsule ident ical  i n  design t o  the capsules 
previously used f o r  i r radiat ion tes t ing  of cermets. 

A tungsten-clad U% capsule (GEH-14-420) 

The tungsten capsule i s  centered i n  an 

1 l O 3 4 b b  
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A 0.015-inch diametral gap was l e f t  between the fue l  pe l l e t s  and 
the tungsten t o  allow f o r  t i e  25$ volume increase experienced by 
the U@ during the t rans i t ion  from room temperature t o  2800 C 
(molten). 

Examination of Electr ical  Resistivity Element. Preliminary post- 
i r radiat ion examination of the e l ec t r i ca l  r e s i s t i v i t y  element 
(GEII-4-82) indicates t i a t  e l ec t r i ca l  contact was l o s t  i n  the area 
of t i e  mechanical io in t  between t i e  tungsten 'center c o i l  and the 
nickel lead. Tnis jo in t  was =de within a porous aliunina spacer 
wnicii apparently retained some oxygen &Ding outgassing. The ob- 
served-recr;.stallization oi' the alizmina a t  the jo in t  area probably 
allowed entrapped oxygen t o  escape and come i n  contact w i t h  the hot 
tungsten co i l .  
volat i l izat ion 05 WO3 zpparently severed the connection, thus allow- 
ing tne  central  c o i l  t o  dro;? t o  the bottom of the molten zone of the 
U@. 
of Tailure. 

'I?ie oxidation of the tungsten and the  subsequent 

Nonporous alumina specers w i l l  be used t q  eliminate this type 

Irradiat ion of Cermats. Six  s'acL;uT insulated cermet capsules were 
charged in to  the ETR. TL:ese capsules are  to operate with claddiw 
temperat-lres of approximately 2000 C. Tie ul-cra-'nigh operating 
teroper&ture i s  attai-led by suspending Cie refractory metal clad 
c e m t  .within a s ta in less  s t e e l  outer capsule and etacuating the 
intervening space beI'ore welding the f i n a l  closures. 
t ransfer  i s  the piaa2-y cooling mechanism f o r  the inner i'uel capsule. 

This group of i r rad ia t ion  t e s t s  (Gm-14-414 through 419) include two 
Mo-UQ and tvo Mo-UN cermets clzd i n  Mo, one W-UO2 and one W-UN 
cermet c lsd i n  tungsten. 
i r rad ia ted  fo r  two ETR cycles. 
f o r  one ETR cycle. 

Radiant heat 

One Mo-UO2 and or,e Mo-UN cermet w i l l  be 
The other capsules w i l l  be irradiated 

4. Sasic Swellina BoRram 

Irradiat ion Program. 
capsules were constructed and two were charged i n t o  a reactor. 
The other f o u  w i l l  be charged as soon as space i s  available. 
two capsules that  were charged eacn contain eight  uranium specimens 
with dizferent compositiolls and heat treatments. 
were modified s l igh t ly  t o  include four pairs  of specimens instead 
of three,  and f ive  thermocouples instead of four. 
space housing the specimens was a l so  redesigned t o  accommodate d i f -  
ferent  shapes and numbers of specimens. 

Six controlled-teqerature general swelling 

The 

Tnese capsules 

The in te rna l  
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Post-Irradiation Examination. 
was completed on the i r radiated uranium specimens recovered from 
two previously opened capsules which operated a t  575 C (1067 F) 
t o  0.15 a/o B.U. of the specimens. 
uranium (0.72 a/o U-235) specimens (two as-extruded and one beta 
quenched), whereas the second contained uranium enriched t o  1.44 a/o 
U-235. 
values in tha t  the natural  uranium specimens suffered more damage 
than did the enriched ones. Severe tearing, psuedo second phase, 
and porosity were observed i n  the normal specimens similar t o  the 
poorer of the as-extruded enriched samples. 
specimen (large grained) was i n  extremely poor condition. As there 
was an inconsistency between the densi t ies  and metallography of one 
of the  enriched as-extruded specimens, both types of evaluation were 
repeated on different  halves of the s p l i t  tubular specimens; namely, 
the halves that  had been used f o r  density were processed f o r  metal- 
lography and vice versa. 
arose from the f ac t  t ha t  one of the half specimens on which metal- 
lography was or iginal ly  performed had suffered more damage than the 
other  ha l f .  
ver i fy  t h a t  the or iginal  grain s ize  ha6 not changed, some tearing 
i s  present, and considerable porosity i s  present, especially a t  
grain boundaries. 
of cold work of the type t h a t  can be detected metallographically. 

Optical and electron metallography 

One capsule contained natural  

The metallography agreed qual i ta t ively with the density 

The beta-quenched 

The inconsistencies were resolved and 

The observations on the specimens of these two capsules 

The uranium l a t t i c e  appears t o  be vi r tua l ly  f ree  

Two additional,  i r radiated,  controlled-temperatie,  general swelling 
capsules were opened i n  Radiometallurgy and the specimens (two as- 
extruded and one beta-quenched in each capsule) recovered. 
capsule had been i r radiated a t  625 C (1157 F) t o  0.1 a/o B.U.; ' the 
second had been i r radiated a t  525 C t o  0.03 afo B.U. 
lography was completed on the 625 C (1157 F) specimens and replicas 
are  currently being processed f o r  electron metallography. 
measurements are a l s o  i n  progress. 

Tne opt ica l  metallography of the specimeps from the 625 C capsule 
correlates  w e l l  with observations made on other specimens i r radiated 
a t  625 C but t o  higher burnups, 0.15 and 0.27 a/o. The as-extruded 
specimen irradiated a t  625 C i n  the present capsule indicates the 
following: (1) grain boundaries a re  readi ly  seen, (2) the grain s ize  
I s  ident ica l  with the  preirradiat ion grain size,  (3) large pores have 
segregated t o  the grain boundaries, (4) no l a t t i c e  dis tor t ion,  
tearing, or  psuedo-second-phase i s  ooserved. 
specimen which operated a t  about 580 C (lo76 F) was similar t o  the 
625 C specimen except t ha t  crystallographically aligned pores, t ears ,  
o r  psuedo-second-phase were also present. 
beta-quenched pr ior  t o  i r radiat ion,  which operated a t  about 585 C 

One 

Optical metal- 

Densitj. 

The second as-extruded 

The large grained specimen, 
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(1085 F) exhibited considerable warpage, porosity, tearing, and 
psuedo-seccnd-phase, 
macro longitudinal s t r ia t ions  on the surface which were para l le l  
t o  the extrusion direction. 
s t i l l  a factor t o  be considered even a t  625 C. One of the more 
remarkable observations is the fac t  that the grain size did not 
change during the  irradiation. l a - i r r a i a t e d  control specimens 
exhibit exaggerated grain grcwth a f t e r  vacuum ameallng at 640 C 
(1184 F) f o r  only two hours. 
inrmobilizes grain boundaries in t h i s  material. Additional 
annealing studies w i l l  be conducked in  simulated capsules. 

Both of t he  as-extruded specimens showed 

It would appear tha t  "growth" is  

This indicates that irradiation 

Restrained IrradlsS1onsO Tbe influenee of res t ra in t  on the 
swelling of uranium is be- investigated. Zircaloy-2 clad rods 
of unalloyed uranium and uranium - 2 w/o zirconium are being ir- 
radiated in NsK-filled capsules. Thiny-six capsules containing 
a t o t a l  of 94 fuel  rod sarnples have recently beeo irradiated. 
of these capsules were irradiated t o  an exposure of ll00 W / t o n ,  
and the remainder t o  1800 MdD/ton. 
posure unalloyed samples f r o s  capsule 3031 revealed diameter in- 
creases of 1.6s at volume mean fuel temperatures of 560 C (1040 F). 
M a t e r  increases of 2.7% were observed on W - 2 w/o Z r  samples 

(752 F )  and 1100 MUD/ton. 
the 27 samples i n  the low expcsure capsules i s  planned for  the  next 
month. 

Nine 

Initial examination of low ex- 

from the  3A24 capsule a t  volume mean fue l  temperatures of 400 C 
@ P --'. Mesaurements of density and burnup from 

Thorium. 
and 0.92 a/o burcup, respectively, and amealed a t  750 C (1382 F) 
f o r  100 hours have been processed fo r  hardness, density, and optical  
metallography. 
currently In progress. The anneal- did not significantly a l t e r  
the optical  microstructure. 
0.18 (B-2) and 0.92 a/o (S-3) burnup specimens are, respectively, 
11.65 and 11.45 g/cc which compares with 11.67 g/cc for non- 
irradiated thorium. 
snd S-3 has increased but about 25, 
S-3 8hcnred a volume hcrease  of abcut 1s in the as-irradiated con- 
dition, and this was a t t r ibu tsd  prinvsrilyto the existence of cracks 
in the specimen. 
caused much swelling. 
occurred. 
Rg 78 t o  % 50 and specimen S-3 (0.92 a/o B.W.) decreased from Rg 69 
t o  RB 48. 
w i l l  be rearsealed a t  a higher temperature. 

Two thorium speclme~s (B-2 and S-3) irradiated t o  0.18 

Replicas were prepared and their  examination i s  

The densi-after annealing of the 

Thus, B-2 has not ircreased i n  volume a t  a l l ,  
It should be emphasized t h a t  

h e a l i n g  a t  750 C (1382 F)# therefore, has not 
Appreciable recovery In hardness, however, has 

Specimen B-2 (0.18 a/o B.U.) decreased in hardness from 

When the electron metallography is  completed, the specimens 
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Thorium-Uranium. B e  four thorium-uranium tens i le  specimens 
11.0, 4.0 and 5.4 w/o U) recovered from noninstrumented laK- 
filled capsules have been tens i le  tes ted a t  room temperature. 
The first sample was tested at a crosshead speed of 0.02-inch per 
minute and was observed t o  f a i l  outside the gsge length in an ex- 
tremely brit t le fashion at  about 0.02% offset .  
samples were tes ted a t  a crosshead speed of 0.005-inch per minute 
and while the fractures were all br i t t l e  in nature, the specimens 
exhibited reductions in area of 5 t o  12%. 
strengths were 75 t o  79 mi, and the ultimate tens i le  strengths 
were 81 t o  85 mi. 
specimens pr ior  t o  t ens i l e  testing ranged from 74 t o  92 a. 
hardness w i l l  be measured again on a polished cross section of 
the broken ends of the tens i le  specimens after these ends have 
been prepared fo r  metallography. 
ducted in order t o  evaluate the svell ing characterist ics of these 
alloys w i t h  post-irradiation annealing. 

Irradiation Damsg e t o  Reactor Metals 

Alloy Selection. 
specimens fo r  the Irradiation Effects on Reactor Structural  
Materials Program is  continuing. 
AISI 348, AM 355, and Zircaloy-2 are all pr ior  t o  the  th i rd  week 
of June 1963. The heat analysis f o r  AISI 348 indicated t h a t  the 
tantalum content was above specifications. The heat was rejected 
on this basis, thus causing a two-week delay In delivery. Ingots 
of AISI 304 have been bloomed and w i l l  be hot-rolled Into bar and 
sheet in the near future.  
a l s o  been completed. Rolling of Zircaloy-2 plate  w i l l  be done a t  
the Westinghoue Blairsvl l le  plant from an iiigot sent t o  t h a t  s i t e  
during the week of May 10, 1963. 
Inconel X-750 bar, Eheet, and pla te  have been hot-rolled during the 
past  month by the Huntington Alloy Products Corporation. 
materialrvill be shipped a f t e r  f i n a l  inspection has been completed. 

The other three 

Ihe 0.1s offset  yield 

Hardness t e s t s  made on the  buttonhead of the 
The 

Annealing studies w i l l  be con- 

5 .  

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

Delivery dates f o r  A-286, AISI 304, 

Extrusion of Zircaloy-2 bar stock has 

Quantities of Inconel 600 and 

This 

Tensile specimens of several nickel base alloys have been fabricated. 
There alloys irrclude R-27, R-235, Inconel 718, Hastelloy N, Inconel 
625,  Hastelloy X-2800 and TD Nickel. 
be i r radiated i n  280 C (536 F) water, 80 C (176 F) water, and 525 C 

Speclmens from each a l loy  w i l l  

(977 F) gas. 

--Reactor Mzasurements of bchanica l  Properties. 
progress is the f i r s t  of a ser ies  t o  determine the stress dependency 
of Wrcaloy-2 creep during irradiation. 
conducted on 20$ cold worked Wrcaloy-2 a t  a temperature of 350 C 

The t e s t  i n  

The present test  i s  being 
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(662 F) Bad a s t r e s s  of 20,Om pi. 
for 2800 ours. 
1.8 x 10' /hr. 
operation fo r  the l e q t h  of the test .  
thermocouple error,  the ex-reactor test exhibited a ra te  of 
5 x 10-7/hr a t  2000 &sa 
have been equal t o  or  s l ight ly  lower that react.or operating creep 
rates .  
ported t e s t s  a t  250 C ( U 2  F I E  310 C (590 F)o and 350 C (662 F )  
where the applied s t r e s s  w s s  309000 ps i .  In  these t e s t s ,  reactor 
outage creep rates exceeded reactor o p e r a t a  creep rates.  
should be pointed out tha t  the sca t t e r  ic creep data i s  usually 
large. Additional tes t ing will be required t o  determine if the 
data from the present t e s t  is t ru ly  repmfentative of the material 
a t  350 C (662 F) and 20,000 p s i  stress. 

The t e s t  has been in progress 
The creep rate a t  l 7 O O  hours was determined t o  be 2 This rat-e has remained unchanged during reactor 

After correcting fo r  a 

Creep ra tes  during a l l  reactor outages 

Oppoeite observatiom have been &e fo r  a l l  prevlously re- 

It 

, ._. 
* -  

Two addi t ioral  creep capsules were charged in the l a t t e r  par t  of 
B y  1963. 
35,000 psi  s t ress  at  310 C (590 F )  ac3. 25p0@0 p s i  s t ress  a t  350 C 
(662 F). 
of the s t ress  depeclerey cf ic-reactor ra tes  t o  be -e. 

The creep t e s t s  sc2ieirfie3 f o r  these capsules are  

These t w o  teet .s  w i l l  allow a acre complete evaluation 

Ih addition, a heatec w i r e  life-time t.est c a p u l e  was charged. @ &2 r The heater life-time test c a p u l e  houseE eight, heaters, two each 
of Karma, Kanthal, Trjphet AE acd 406 etainlass steel heater wires. 
The heaters arc xoucd noa-IL3uctf-eJ1yo identical  t o  those incor- 
porated in the preaent c r e q  caFaCee,  Qze heater of each type of 
material will be r w  at, €over while the  secmd beater w i l l  be 
checked for  resistance acd coLsiLuity t o  determine i t s  "cold l i fe . "  
The powered heaters will be rim at  scssxnt-and equivalent power 
densi t ies  (watts ger unit surface area cf wire). 
w i l l  monitcr the temperature arzd flux nreaeursments w i l l  be made. 

Tensile t e s t a  of unirradiated Karma, Fmthalp Tophet A, and 406 
s ta in less  s t ee l  w i r e s  has been coqIet61. -These w i l l  be compared 
with t h e i r  irradiated cour&eqarts t o  detsmine the effect  ir- 
radiation may coatribute tjc heater failure6 during reactor opera- 
tion. 

Thermocouples 

Irradiated S m g l e 3  h v e  yet t o  be tested. 

Resen t  in-reactor creqi cazeules were ahavn, in the  laboratory, 
t o  be capable cf gC0 C (1652 F) q e x a t i o ~ l  -dt;h minor modification. 
The modification consisted G I I . ~ ~  of the &i3ition of two concentric 
heat shields, sccentirrg the design verEatiliC,y aod adaptability of 
in-reactor creep c q a u l e s  t o  ger t lcular  environmntal conditions. 
Creep capsules modified t o  Include he&% baffles w i l l  be used t o  



test s ta inless  s t ee l s  and other intermediate temperature struc- 
tural materials In a neutron environment. 

-St8 have been s tar ted on tungsten wire configurations fo r  use 
as heaters in a proposed high temperature in-reactor t e s t  capsule. 
Positioning of a tantalum heat shield i s  also being investigated. 
With the present design, a one-eighth-inch molybdenum rod has 
been heated t o  1100 C (2012 F) under a vacuum of one micron for  
short periods of time. 
termine the  heater l ifetime under the present tes t ing  conditions. 

Long term t e s t s  are  being s tar ted t o  de- 

Irradia+ion gffects in Structural Materials. The purpose of t h i s  
program is t o  investigate the  combined effects  of i r radiat ion and 
reactor e n v i r a n t , o n  the  mechanical properties of s t ructural  
materials. Special attention w i l l  be given t o  the determination 
of mechanical property changes produced i n  E ta l s  by i r radiat ion 
a t  elevated temperatures. 

A t o t a l  of 88 specimens w e r e  tes ted during the month including bend 
t e s t s  on Zircaloy-2 and AlSI 348 s ta inless  s teel ;  notch tens i le  
t e s t s  on AISI 348 stainless  s teel ;  and t ens i le  tests on Wrcaloy-2 
and AIS1 304, 348, and M 5 O  stainless  s teels .  
performed on control specimens with the exception of six i r radiated 
AM-350 specimens 

These t e s t s  were 

Approximately 300 Zircaloy-2 tens i le  specimens were fabricated from 
three typical  process Xubes. These tubes represent different  manu- 
facturers and different  fabrication processes, and contain from 18 
t o  35s cold work. Since fabrication history, or more specifically 
preferred orientation, has been shown t o  have marked effects  on 
mechanical properties, each tube i s  being characterized by x-ray 
pole figure diagram, tens i le  t e s t s ,  and metallography pr ior  t o  
irradiation. 
tudinsl  direction compare favorably t o  longitudinal specimens cut 
from rolled pla%e having comparable cold work. 
from 57,000 t o  71,500 p s i  and ultimate strength varies from 79,500 
t o  92,OOO p s i  among the three tubes. 
mtna were measured, stamped, and weighed and are  being autoclaved 
f o r  subsequent exposure In the G-7 and ex-reactor loops. 

Tensile specimens of Zr-2 tes ted a t  -75 C (-100 F) and -196 C (-320 F) 
w e r e  examlned met.allographically t o  determine the combined ef fec ts  of 
low test ing t e q e r a t u r e  and preferred orientation on deformation 
twinning. 
specimens and present i n  minor amounts i n  longitudinal specimens. 

The t sne i le  properties of specimens cut in the longi- 

Yield strength varies 

Two hundred sixty-five speci- 

A t  all temperatures twinning is  pronounced in transverse 
A t  

"I' 



3;' z d  mode; whereas at -196 C (-320 F) both { 11 1 
room t e q e r a t u r e  and -75 C (-100 F) deformation twinni 
the 
{10i2) twinning are Important modes. Studies are continuing 

t o  determine where between -75 and -196 C (-320 F) C l l a ]  
ning occurs i n  significant amounts. 

(10123 

twin- 

!be use of refractory alloys in various high temperature reactor 
applications necessitates determining the e f fec ts  of i r radiat ion 
and environment on t h e i r  ~ c h a n i c a l  and physical properties. 
Tensile specimens of-TZMmolyb3enum alloy and Cb - 1 Zr and Cb 752 
alloys are being fabricated. These specimens w i l l  be irradiated 
in the  EZR G-6 posiSion t o  evaluate the i r  property changes due t o  
irradiation. Characterization of these materials has also begun 
with the preparation of specimens for  recrystall ization and grain 
size  studies. Hardness, yield strength, t ens i le  strength, and 
duc t i l i t y  masurerents vi11 also be made. 

Refractory alloys will also be used in space applications u t i l i z ing  
l iquid metal coolants such as potassium, lithium, and sodium. 
Since in-reactor l iquid metal loop f a c i l i t i e s  do not exis t ,  l iquid 
=tal environmental capsule irradiations wi l l  be made. All  l iquid 
metals t o  be used are reactive i n  a i r  and must, therefore, be 
handled i n  an iner t  gas. An i ne r t  gas glove box has been designed 
which will contain f a c i l i t i e s  t o  purify both the ine r t  gas and the 
l iquid metal. 

4%. 

t-q -= 

Various heating concepts auch as  electron beam, resistance, induc- 
t ion,  and infrared radiation are  bei% explored t o  provide elevated 
temperature (room temperature t o  3000 C/5430 F) mechanical tes t ing  
capability. Infrared radiation 1s a heat source i s  of interest for 
temperatures i n  the range rooxu temperature t o  1500 C (2730 F). By 
means of t h i s  energy source complicated shapes can be heated quickly 
In a variety of gaseous enviro&nts, 
use i n  tens i le  tes t ing  hss been assembled and is being evaluated. 
Ihitial heating trials with this equipment have shown system feasi-  
b i l i t y ,  and refinements are  being ma4e t o  incorporate close tem- 
perature control and spec-n tes t ing  fixtures.  

A heating arrangement f o r  

Further exadxiation of the fracture Eiurfaces of notched be- of 
cold-rolled Zircaloy-2 broken a t  various temperatures from 22 t o  
-196 C (72 t o  -320 F) have been &e. The gereral  appearance of 
fracture surfaces occurring para l le l  ana transverse t o  the roll ing 
direction are similar, except tha t  the fracture surface para l le l  
t o  the roll ing direction exhibits 6 greater incidence of crystal-  
line features. 
s l i p  interactions with the fracture surfece. 

Thsse features are attributed t o  twin-twin or twin- 
A t  22 C (72 F) these 
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fea tur t s  are  occasionally observed in-fracture  surfaces para l le l  
t o  the rol l ing direction but are absent in surfaces transverse 
t o  the rol l ing direction. The degree t o  which t h i s  s t ructural  
feature contributes t o  t h e  duct i le-br i t t le  t rans i t ion  a t  about 
-75 C (-100 F) is being investigated. 

Experiments are now under way t o  determine the change i n  compli- 
ance of notched beams i n  four-point bending as a function of notch 
depth. Compliance i n  t h i s  case is defined as the reciprocal slope 
of the moment versus angular deflection curve. This information 
is used t o  determine the e l a s t i c  energy release rate as a function 
of notch depth. 
fracture toughness values of materials. 

This relationship is essent ia l  f o r  determining 

Damsge Mechanisms. 
the nature of the interaction between defects present prior t o  
i r radiat ion and those produced during irradiation, with emphasis 
on the role played by i n t e r s t i t i a l  impurities. 
is presently concerned w i t h  high puri ty  iron and i ts  low carbon 
and nitrogen alloys. 

The objective of t h i s  program is t o  establish 

The investigation 

During this period, two iron samples w i t h  small amounts of Ti added 
have been rolled t o  foil for  examination by electron transmission 
microscijpy. 
refined iron and Ferrovac "EE" were machined. No tes t ing  has been 
performed on ei ther  of these projects. 

I n  addition, 40 tens i le  specimens of Battelle zone 

An electropolish w i t h  a perchloric aCid-glaCi81 acet ic  acid bath 
has been found t o  give a be t te r  surface f inish than chemical etching 
fo r  the purpose of cleaning the surface of iron t ens i l e  specimzns. 

A design was p r t i a l l y  developed of a cryostat f o r  tens i le  tes t ing  
sub-size polycrystalline and single crystal  samples. It i s  t o  in- 
corporate continuous temperature control over the rsnge 4.2 IC - 
273 K (-452 F t o  32 F) and a maximum t ens i l e  load of 10,000 l b  on 
the specimen. 

In addition, design of a vacuum chamber and sample holder f o r  in- 
te rna l  f r i c t ion  measurements i n  the kilocycle frequency range w a s  
initiated. 

Environmental Effects. 
coupons of Zircaloy-2 material i r radiated in quadrants 87 and 88 
during EZR cycles 43 through 49 were obtained during the report 
period. 
7.6 x ld -3  nv fo r  125 days a t  540 F (282 C )  f o r  an integrated flux 

b-reac tor  weight gain results f o r  24 

Both quadrants were exposed t o  a fast neutron flux of 

-- 
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o f  8.2 x 1020 nvt. 
was 121.3 mg/dn? compared with 0.8 mg/h2 fo r  equivalent material 
exposed t o  the same conditions i n  the Cm out-of-reactor loop. 
As with results previously reported for other quadrants there 
was no significaot variation of weight gain with level  of cold 
work. The coupons appear smooth, dark and glossy t o  the naked 
eye and show no signs of gross blistering, spall ing or dis- 
coloration. 

The average weight gain for  these coupons 

Irradiation Damage t o  Inconel. 
pressure tube fromthe DR-1 Gas Loop has shown that the sulfur 
cantamination of the tube was located over a small area near the 
transverse break. 
m i l  corrosion layer on bcth the inner and outer surface. 
of the reactor gas stream which was i n  contact with the outer 
portion of the pressure tube revealed a sulfur concentration of 
less than one ppm. Therefore, any sulfur contamlnation must have 
been introduced by so= other method, possibly during heat t rea t -  
m?nt p r io r  t o  instal la t ion i n  the reactor: 

&tallography of the Inconel 

The remainder of the tube has a three- t o  five- 
Analysis 

Oxidation of Superalloys. 
nickel base superalloy, continues. 

oxygen and laboratory a i r .  

Oxidation tes t ing of Hastelloy C, a 
As-received and surface- 

abraded specimens have been oxidized a t  1000 C (1832 F) in pure @ g .  
Oxidant pressure has l i t t l e  effect  on oxidation of abraded specimens; 
parabolic kinetics hold2 indicakiag tha t  diffusion through the oxide 
scale is  rate-controlling. 

Pressure has a profwnd effect  on the oxid&tion of as-received 
specimens. 
off ,  loses weight fo r  a period of tin=, and f i n a l l y  resumes 
gaining weight t o  the conclusion of the t e s t  (24 hr ) .  
extent the  same sequence occurs at  25 mm e. For any given time, 
welgbt gain is  higher a t  25 xn than a t  3 mm 9 pressure. 
atmosphere air, weight gain is very high in i t i a l ly ,  but the scale 
formed is quite protective, and oxidation is slaw thereafter.  
Further conclusions await completion of tes t ing  on electropolished 

A t  3 mm 02 the specimen rapidly gains weight, level8 

To a lesser  

I n  one 

specimens. 

Microscopic inspection reveals t ha t  internal or sub-surface oxi- 
dation occurs extensively i n  air-oxidized samples of Haynes 25. 
No internal  oxidation can be observed i n  air-oxidized Hastelloy X. 
Internal oxidation i n  Eaynes 25 is apparently independent of surface 
preparation. 
interface is  considerably smoother aEd more uniform for 

In both Haynes 25 and Hastelloy X the metal oxide 

1 1 0 3 4 1 5  
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electropolished specimens than f o r  e i ther  abraded or as-received 
specimens. 

I r radiat ion of Titanium. 
corrosion capsule construction were irradiated a t  =-Reactor fo r  
70 hours t o  compare ac t iv i ty  and decay rates  of pure titanium and 
a titanium alloy containing 6s aluminum and 44 vanadium. 
sample weighed 0.94 gram, and the decay rates  were nearly the same 
over a period of eight days. Readings on a C.P. a f t e r  eight days 
of decay were 15  mr/hr a t  six inches i n  open a i r .  

Two samples of t i t an iumto  be used i n  

Each 

Gas Loop Development. The regenerative heat exchanger i n  the model 
high temperature gas loop w i l l  use welded and subsequently cold re- 
duced Haynes alloy 25 tubing. 
section produced by the same basic process tha t  w i l l  be used for 
t he  heat exchanger tubing was evaluated. 

The quali ty of a five-foot tube 

The tube had a clean polished outer surface and a smooth clean 
inner surface with no visible  blemishes or defects. The tube was 
clear  of defects as  shown by fluorescent penetrant and radiographic 
techniques except f o r  one small l i n e  indication observed in pene- 
trant test ing.  This was  shown by metallographic examination t o  be’  
a crack-approximately two mils deep by one-half-inch long i n  the 
weld heat affected zone. The tube dimensions were consistent, w i t h  
the outer diaraeter varying from 0.5042 t o  0.5055 inch and the w a l l  
thickness varying from 0.0817 t o  0.0200 inch. Tensile and burst 
t e s t s  showed the base and weld metals t o  have ultimate strengths 
comparable t o  s t r ip .  
the base metal. 
t ens i l e  t e s t s  of be t te r  than 2 6  demonstrated the duc t i l i ty .  
bide precipitation in the natr ix  and a t  the $rain boundaries, 
present in both the base and weld metals, was more prevalent i n  the 
weld metal.. The grain s ize  of the weld metal was smaller than tha t  
of the base metal. 
s i s t ing  of heating t o  2000 F (1093 C )  and water quenching caused no 
apparent deleterious effects .  

4- d?, -0 

The weld metal appeared t o  deform the same as 
m a n s i o n  i n  the burst t e s t  and elongation i n  the 

Car- 

Forty thermal cycles of a tube section con- 

T h i ~  type of seamed Haynes alloy 25 tubing appears t o  be of adequate 
quali ty f o r  use i n  the regenerative heat exchanger. The shallow 
crack was apparently associated with grain boundary carbide pre- 
c ip i ta t ion  In the weld heat affected zone. 
parameters and heat treatments are needed t o  avoid t h i s  type of 
defect. 
half  that normal for solution annealed s t r ip .  

Close control of welding 

The metal exhibited considerable duc t i l i t y  but l e s s  than 

UNCLASSIFIED 
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Gross effects  of air, vacuum, and helium atmospheres on insula- 
ting material efficiencies were evaluated by t e s t s  at  temperatures 
t o  1900 F (io38 C). Results substantiated theoret ical  resul ts .  
The major effect  of the insulators appeared t o  be diminution of 
the amount of heat transfered by radiation. No insulation was 

bdicated as markedly superior t o  another, on an insulating e f f i -  
ciency basis, slthough widely varying basic materials were tested. 
(graphite fiber,  s i l i c a  fiber,  and mixed alumina-silica f iber) .  

Neutron Dcsimetry. 
and thermal-plus-epi them flux in the  ccre of PRTR in order t o  
estimate the  rate at  which damage would accumulate in st ructural  
materials tested in the reactor. The t e s t  was conducted between 
February 13 and 23) 1963. 

Meaauremznts were made of the fast (E > 1 Mev) 

A tube approximately eight fee t  i n  length, containing flux-monitor 
wires, was suspended fromthe top shield of the reactor and ex- 
tended down throUgh monitor hole 1550 which is adjacent t o  the  
central  channel in t he  reactor. 
the  top shield t o  within 11 inches of the  bottom of the  fuel.  
Nickel was used as the  fast-flux monitor and cobalt was used t o  
monitor the thermal flux. Cadmium shields were not used during 
the t e s t  because of the possibi l i ty  of melting; therefore, the 
"cobalt flux" values c i ted icclude t h e m 1  and epithermsl activa- 
t ion  by the  Co-59 (n, y) raacticn. 

Flux measurements were made from 

. 

@- 

Data are presented i n  the table below. 
flux have not been made at  t h i s  time because of uncertainties in 
the cadmium ra t io  and i n  effective cross sections which would be 
appropriate fo r  the D20-H20 system. It is  hoteworthy tha t  the 
ra t io ,  @GO/ @ (E > 1 bkv) fo r  a l l  monitor positions except the 
top and bottom averaged 12.3 f 0.2, indicating a uniform thermal 
t o  fast neutron r a t i o  over about 7 6  of the fue l  length. 

Calculations of thermal 

17 
25 
33 
41 
49 

1.4 
4.3 
6.2 
7.3 
799 

29 21 
52 12.1 
74 
89 ss 

11.9 
12.2 
12.4 

8.2 103 12.6 
12.2 

57 
8.0 98 65 
7.2 

12.5 
73 
81 6.0 75 

4.7 58 12.3 
2.0 38 19 

89 
97 

-- 

fue l  extends from 20" t o  108" from t h e  top Ehield. UNCLASSIFIED 
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. Ihe flux, both f a s t  and thermal, is  skewed upwsrd from the center- 
line of the fuel. 
i n  t he  bottcm ref lector  causing neutron leakage and shims are pre- 
dominantly in the lower par t  of the reactor causing increasing 
neutron absorption. 
portion of the reactor. 

%is i s  reasonable since there i s  a large hole 

Both tend t o  depress the f l u  i n  the lower 

6 .  Gas-Cooled Reactcr Studies 

EGCR Graphite Irradiation. 
of EGCR graphite irradiations has operated successfully fo r  one 
reactor cycle. 
mid-cycle and i s  now apparently wen. 
are  operating sa t i s fac tc r i ly .  

The sixth capsule, H-3-6; in the series 

I .  The number 5 thermocouple became e r r a t i c  a t  about 
The other eight thermocouples 

'Ihermal Conductivity. 
density 0.73 g/cmJ, was measured by the f lash method. 
diffusivi ty  w a s  0.011 c&/sec a t  25 C. 
calculated from the  thermal diffusivi ty  was 0.014 cal/cm-sec-°C 
(a factor  of about 30 less than a value typical of CSF graphite). 
This compared favorably w i t h  0.015 cal/cm-sec-°C obtained by another 
method and indicates t h a t  the f lash thermal-diffusivity technique i s  
valid f o r  porous carbon materials having a low thermal conductivity. 

The thermal d i f fus iv i ty  of a porous carbon, 
The thermal 

The thermal conductivity 

.@ c -  

. 

Work was continued on the use of a lead sulfide detector t o  measure 
the rear-surface temperature r ise .  The change in resistance cf the 
detector was 315 oWoC in the temperature range 650-850 C. 
though indications of temperature rise have been observed using this  
system, no quantitative resul ts  have been obtained so f a r  because of 
a high noise t o  signal r a t i o  and low detector sensi t ivi ty .  

Al- 

Graphite-Water Vapor Reaction Under Gamma Irradiation. 
of the rate of oxidation of TSX graphite by low concentrations of 
water in flowing helium in a co-60 gamma flux have continued. In  
experiments conducted a t  650-680 C with helium containing about 
200 p y f  water, n significant variation i n  oxidation ra te  (about 
1 x 10- percent per hour) vith gas flow was observed. 
That there is l i t t l e  dependence on gas flow is perhaps not surprising 
in the light of previous work showing only a slight dependence, i f  
any, on water concentration at  this leve l  but an apparent l inear  de- 
pendence on dose rate .  These observations are in keeping w i t h  t h e  
hypothesis that  the kinetic l imitation i s  the r a t e  a t  which active 
e n t i t i e s  formed by radiation i n  the gas phase of the pores reach the 
surface of the graphite. 

Measurements 

t o  2 x 

. 
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Inhibition of Graphite Oxidation. 
rate which varies wi th  the amount 
of oxidation increases as surface 
approach a constant r a t e  which i s  

Graphite oxidizes in air  a t  a 
of pr ior  oxidation. The rate 
area increases and tends t o  
taken as  a characterist ic rate. 

The ef fec t  of small amounts of CF2C12 on the air  oxidation of 
graphite is  complicated by the decompoaition products of CF2Cl.2, 
and ra tes  of oxidation collsiderably higher than those achieved 
a t  steady state are  sometimes observed in i t i a l ly .  
oxidation rates can be eliminated by purging with cF2Cl2 prior  
t o  heating in  a i r .  

These high 

After purging for a t  l eas t  three hours a t  room temperature, the 
i n i t i a l  ra tes  a t  600 C .are low and increase slowly with time. 
A t  this temperature an3 2$ bumoff the weight-loss ra te  i n  a i r -  
0.5s CF2C12 i s  0.4 t o  0.7 times the rate i n  air  alone. 
approaches 0.4 a t  apprcximately lo$ burnoff. 

A more exact method of determining the inhibition e f fec ts  of CF2c12 
has recently been t r i e d  i n  which t e s t s  were made on the same sample, 
thus eliminating effects  due t o  sample variation. 
r a t e  was first  established i n  air-O.5$ CF2C12, snd then changed 
promptly t o  a i r  alone. 

This r a t i o  

The oxidation 

A t  600 C the  r a t i o  of ra tes  was found t o  
be 0.24 at 29 burnoff and 0.11 a t  lo$ burnoff. @ 
In  a third experiment surface area measuremnts were made on one 
sample a f t e r  lO$ burnoff in  air and on a second sample a f t e r  1 6  
burnoff i n  air-0,5$ CF2c12 t o  attempt t o  determine the effects  of 
pr ior  oxidation. 

The surface are'as were measured w i t h  nitrogen using the BET method. 
When the rates were expressed as  f ract ianal  weight loss per unit  
surface area, the r a t i o  of the  rate in air-0.5$ CF2CI.2 t o  the ra te  
in air  alone was 0.15. This r a t i o  is in reasonable agreement with 
the value of 0.U as  determined cn a single sample by the nethod 
described above. 
in a i r  at  600 c, and 0.0013 g/n?-/hr a t  1 6  bumoff in air-0.5$ CF2Cl2. 

Specific ra tes  were 0.0085 g/g/hr a t  104 burnoff 

Ths ef fec ts  of iron and vanadium impurities, temperature, and gas 
conps i t ion  are being investigated am tha t  a reliable experimntal 
method appears t o  be established. 
corrosion in the halogen-bear- atmosphere are  presumsbly avoided 
by using alumina and platinum in the  hot zone. 

Interfering contaminants from 
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7. Graphite Radiation Damage Studies 

Ef'fect of Impregnation on Radiation-Induced Contraction. Results 
have been obtained f o r  a ser ies  of samples irradiated a t  approxi- 
mately 650 c t o  an exposure of 1715 MHD/AT~. The samples are in- 
tended t o  t e s t  the e f fec t  of impregnation and s i z e  of the f i l l e r  
par t ic les  on the extent of radiation-induced contraction. Three 
par t ic le  sizes, 0.015-inch, 0.030-inch, and 0.060-inch, were used 
and samples of each were given the  following treatments: 
single impregnation with a well graphitizing pitch, (2) a single 
impregnation with a nongraphitizing binder, and (3 )  a double im- 
pregnation with nongraphitizing binder. 
resulted e 

(1) a 

Thus, nine test graphites 

Post-irradiation measurement disclosed contraction in  almost all 
samples, the largest  effect  being a function of impregnation t rea t -  
ment rather than par t ic le  size.  
t ract ion f o r  12 samples of each type was: 0.011 iO.003 for  s a q l e s  
with one pitch impregnation; 0.002 f 0.003 for  one impregnation with 
nongraphitizicg material; and 0.023 f 0.005 fo r  two impregnations 
with nongraphitizing material. 
pregnation leads t o  considerably higher contraction. 
prising tha t  the nongraphitizing impregnant led t o  lower contracticn 
than pi tch fo r  a single impregnation. 
are necessary before def ini te  conclusions can be drawn. 

The average percent para l le l  con- 

* 

Thus, it appears tha t  multiple i m -  
It is  sur- 

Huwever, longer irradiations 

8. Aluminum Corrosion and Alloy Development 

Corrosion of Aluminum in a Nonisothermsl Lo Tests are being 
conducted i n  a nonisothermal loop a t  330 C 6 F) t o  investigate 
effects  of dissolved corrosion product on thb corrosion of aluminume 
As reported previously, increasing the loop temperature drop from 
8 C t o  55 C (46 F t o  131 F) approximately doubled the corrosion rate.  
However, i n  a subsequent run t o  confirm t h i s  observation, the ra te  
dropped,.to a value observed i n  previous runs a t  low LT. 
during the second run a t  high AT, there was a concomitant decrease 
in pH (6.1 t o  5.4), due apparently t o  regeneration of the deionizer 
r C S l n .  

However, 

In the third, ten-day run at  large AT, both the pH (of the  deionized 
feed water) and the rate increased, a t  l ea s t  pa r t i a l ly  confirming 
the suspicion that pB w a s  responsible for  the unexpected decrease i n  
rate during the second test a t  high AT. 

Modification of C-1  Loop. 
The shop work remaining consists of (1) coq le t ing  the e l ec t r i ca l  

Work on the C-1 Low is about gO$~coxupleted. 
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hook-ups t o  the various pieces of equipment, (2) repairing three 
rejected welds, (3) ins ta l l ing  the back-up accumulator and gas 
system t o  the accumlator, (4)  completing the e l ec t r i ca l  panel, 
(5) painting the loop, ( 6 )  lagging the piping, and (7) calibra- 
ting the instruments. 

A successful pressure t e s t  of the loop w a s  completed. The t e s t  
section in-reactor pipe was cut f romthe remainder of the test 
section so it could be tes ted inside with black l igh t .  A standard 
having the same dimensions as the  in-reactor pipe was  prepared for 
ultrasonic testing. 
were disconnected so they could be inspected. 

All of the tubing connections on the loop 

The back-up accumulator was shipped my 8. 
ceived, it w i l l  be instal led and the loop moved t o  1054. 

A s  soon as  it is re- 

9. Metallic Fuel Development 

Effect of Thorim on Corrosion Resistance of Brazing Alloy. 
claving t e s t s  have been perfornaed on brazed end caps which have 
been removed fromthorium fue l  elements. The cap was sectioned 
t o  expose the f u l l  length of Zircaloy - 5 Be braze to the high 

The braze nearest the thorium 
fue l  shoved white oxide corrosion gradually changing t o  the uni- 
form black oxide coating on braze the fur thest  from the  thorium. 
This shows that  thorium contamination of the braze has a defini te  
detrimental effect  on the  corrosion resistance of braze. 
of braze alloys containing varying amounts of thorium contamination 
are being made t o  establish what levels  of contaminatioa are allow- 
able i n  the brazing alloy. 

Auto- 

teqm?@ture water. Autoclaving conditions were 10 hours and 50 @. - hours i n  360 C water a t  3000 psi.  

A ser ies  

10. 

Two thorium - 24 w/o U (normal) - 1 w/o Z r  a l loy b i l l e t s  were co- 
extruded t o  0.525" diameter Zircaloy-2 clad rod. 
d i t ions  w e r e  2-hour preheat a t  760 C w i t h  a 16.8 t o  1 reduction 
ratio. 
factory. 
for  v l s u a l  autoclave defect testing. 

Extrusion con- 

The extruded surface before copper stripping appears sa t i s -  
The two 70-inch long rods will be fabricated into samples 

'USAEC-AECL Cooperative Program on Development of Heavy Water 
Moderated Power Reactors 

19-Rod Bundle Burnout Data Comparison. 
points obtained with 19-rod bundle test sections have been compared 
with a new empirical correlation of DNB (Departure from Nucleate 
Boiling) which w a s  reported i n  the m y  1963 Nucleonics. 

Eighty-eight burnout data 

The 

UNcLAssIFm ' - '  
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correlation w a s  developed especially f o r  flow pa ra l l e l  t o  rod 
bundlep. 
published DNB data points although the maJority of these points 
w e r e  f o r  circular or rectangular channels. 
across a typical DNB test section was combined with the equation 
of motion and the  continuity equation of two-phase flaw, and t h e  

-_ enthalpy rise a t  UNB conditions was obtained as a function of the 
nondimznsictal graups obtained by the  combination of these equa- 
tions. It was postulated that  t h e  DNB mechanism i s  hydro-dynamic 
i n  nature and t h a t  different  mechanisms of DI'iB occur with d i f -  
ferent flow regimes,: t h a t  is, subcooled or quality. By investi- 
gating each of the nondimensional groups systematically, an 
equation f o r  describing the DNB condition in the subcooled region 
w a s  obtained and another equation f o r  conditions in the quality 
region. These equations were said t o  correlate the majority of 
the data within f 25s. 

It resulted from a paranetric study of about 3000 

The energy balance 

These equations w e r e  applied t o  rod bundle burnout data by evalua- 
t i ng  the enthalpy rise of a hot channel, i.e., f o r  a flow 6ub- 
channel in the rod bundle which has the  smallest coolant flow area 
and the largest  heat t ransfer  perimeter. 
subchannels was assumed. The comgarison between the equations and 
the  available Hanford rod bundle burnout data shows tha t  exptri- 
mental values of burnout heat f l u  range from about 0.75 t o  2.15 
times t h e  value predicted by the equations. The majority of the 
data points showed experircental heat fluxes higher than those pre- 
dicted by the equations. 
values were obtained wi th  the 76-inch long t e s t  section which had 
0.05O-inch gap between rods of the bundle. 
of test  section f e l l  within the range of parameters used i n  de- 
veloping the correlation, it is evident tha tn the  assumptions used 
do not apply fo r  t h i s  long rod bundle test section. Hence, the 
application of these equations t o  fuel  bundles on even longer 
lengths typical of power reactor applications would be questionable. 

No mixing between coolant 

The largest  devlations fromthe predicted 

Although th i s  length 

19-ROa Fog Cooled Studies. Foxty-two experimental boiling burnout 
determinations were made with an e lec t r ica l ly  heated l9-rod bundle 
test  section cooled with steam-water mixtures. The t e s t  section 
w a s  made up of 19 Incanel tubes, each 0.587 inch b diameter and 
l* inches long. A spacing between rods of 0.074 inch was main- 
tained with two sets of warts or  spacers, a set about 6& inches 
from each end, The war ts  were made of A1203 about 3/8 inch long, 
0.10 inch wide, and 0.074 inch thick. !€he test section had an un- 
heated length of 25 inches preceding the heated section. 
diver ter  was located in the unheated portion about 14.5 inches up- 
stream of the  heated section. 

A f l o w  

The flow diverter  consisted of a 

-,- -. 
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ring of A1203 segments around the bundle which blocked the space 
between the bundle and pressure tube w a l l  and therefore diverted 
a l l  the coolant flow t o  the inner par t  of the bundle a t  t h i s  
location. 
at  i t s  downstream end t o  measure the average inside w a l l  tem- 
perature. 
I D  pressure tube. 

Each of the heater rods had a thermocouple instal led 

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

One of the two DC power sources of the Thermal Hydraulics Laboratory 
furnished power t o  the t e s t  section while  the other power source 
was connected t o  an e lec t r ica l ly  heated steam generator which de- 
l ivered steam-water mixtures t o  the t e s t  section. 

Thirty-four of the experiments were made with steam-water mixtures 
at  the test section in le t .  The system pressure was e i ther  1000 or  
1200 psia.  
given below. 

A summary of the approximate range of variables i s  

Mass Flow Rate Inlet Outlet Boiling Burnout 
lb/hr- '8' Quality Quality Heat Fhux NO. Of 

x 10- $ $ Btu/hr-ft x10' 6 Experiments 

0.5 0-30 27-48 0.28-0.58 15 
1.0 0- 27 21-35 0.25-0.80 13 
1 .5  0- 12 14-23 0.48-0.77 5 
2.0 0 12 0.79 1 

In addition t o  the above experiments, eight were made with sub- 
cooled i n l e t  coolant. 

Analysis of the data has not been completed; however, several 
general observations were made during the course of the experiments 
which a re  worth noting. 

The first seven experiments, which were a t  flow rates  of 5OO,OOO 
and 1,000,000 lb/hr-ft2, had boiling burnout heat fluxes different  
from those predicted from other experiments w i t h  similar tes t  sec- 
tion but with subcooled i n l e t  conditions. 
burnout heat fluxes a t  a flow rate of 500,000 lb/hrft2 w e r e  lower 
than were  expected i n  the  heat f lux  range of 300,000 t o  400,000 
Btu/hr-ft2. Furthennore, the occurrence of boiling burnout was 
sudden, occurred on most i f  not all the  rods and the temperature 
excursions reached 300 t o  400 F before the power t o  the t e s t  section 
could be reduced. 
of 500,000 lb/hr-ft2 but with subcooled i n l e t  coolant conditions. 
These gave boiling burnout heat fluxes of nearly 700,000 Btu/hr-ft2, 

In particular,  the 

Two e x p e r a n t s  were then made a t  the flow ra te  

- ,  
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. 
actually higher than were predicted fromthe other experiments, 
and much higher than those of these experiments w i t h  qual i ty  a t  
t h e  inlet. 
had a boiling burnout heat f lux of about 660,000 Btu/hr-ft2 a t  
an out le t  quality of about 35s which may be compared with an 
experiment with a nominal zero inlet  quality (actually a fraction 
of a percent), which had a boiling burnout heat flux of only 
340,000 Btu/hr-ft2, and an out le t  quali ty of 1s. In other words, 
increasing the in l e t  enthalpy by only a l i t t l e  more than 10 Btu/lb 
caused a reduction i n  the boiling burnout heat f lux of nearly one- 
half ,  and, as a result of the lower power t o  the t e s t  section 
associated with the lower flux, the e x i t  quality w a s  reduced by 
nearly one-half. 
f l u - e x i t  enthalpy relat ion a t  the zero quali ty i n l e t  coolant 

In fac t ,  an experiment with about 10 F subcooling 

. 

This gives a large discontinuity i n  the  burnout 

point. 

It is probable t h a t  t h i s  behavior l i e s  i n  the  fac t  t h a t  the steam 
generator and the  piping from the steam generator have a large 
volume and when t h i s  volume contains some steam, which i s  com- 
pressible, it permitted flow surges i n  the t e s t  section which 
initiated boiling burnout. To evaluate t h i s  possibi l i ty ,  a valve 
was placed i n  the  coolant l i ne  jus t  upstream of the t e s t  section 
and across which a 150 t o  200 psid pressure drop was established. 
Operation with such a pressure drop def ini te ly  increased the boiling 
burnout heat fluxes. 
burn6ut heat f lux iccreased 5 4  a t  zero inlet quali ty and nearly 5 6  
at 124 inlet quality. 
discontinuity was not eliminated but was apparently shif ted t o  a 
higher i n l e t  enthalpy point. The boiling burnout heat fluxes a t  
inlet qual i t ies  beyond the discontinuity were increased s l ight ly ,  
about 5$,  when t h e  valve was used. Use of the pressure drop acrosc 
the valve, however, did reduce the severity of the temperature ex- 
cursion upon the onset of boiling burnout and operation of the t e s t  
section was continued i n  boiling burnout. 

A t  the flow rate of 1,000,000 lb/hr-ft2, the 

A t  the flow ra t e  of 500,000 lb/hr-ftZ, the 

The significance of the behavior jus t  described is the fac t  t ha t  
the coolant supply character is t ics  t o  a t e s t  section or  a nuclear 
reactor fue l  element have a strong bearing on t h e i r  boiling burnout 
characterist ics.  
laboratory data t o  a reactor. 

This point m u s t  be considered i n  applying 
. 

Subsequent experiments were a l l  done using a 100 psid pressure drop 
across the valve. 
psia  system pressure; the other 24 were a t  1200 ps ia  system pressure. 
The data show an inverse flow effect ,  i.e., boiling burnout in- 
creased w i t h  decreasicg flow. 

Eighteen of the experiments were done a t  1000 

This ef fec t  was less pronounced a t  
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low outlet quali t ies,  and a cross-over is indicated, although 
not conclusively shown, a t  about 5 t o  1 6  outlet  quality. 
data show quite a pronounced out le t  enthalpy effect ,  the 
boiling burnout heat f lux decreasing quite strongly with in- 
creasirg out le t  quality over the range covered. The boiling 
burnout heat f l u e s  a t  1200 psia  were lower, about 16, than 
those a t  lo00 psia. 

The 

Dome Sea  Type Closure. 
cycles performed on the d w  seal were reported last month but 
are repeated here fo r  c l a r i t y  of presentation. 

Results of the f i r s t  few "slow heat" 

Strong evidence points t o  the surge of high temperature water 
(570 F) as the major contributor t o  dome deflection. However, 
a &or cause of deformation remains, as indicated by the fol-  
lowing data: 

(a )  "Slow heat" cycles 1, 2, 3, 6, 8, 9, 10, 12, and 13 had 

(b) ~ o ~ o w i n g  cycles 5 ,  7, and U, an increase of O.W, 

no detectable deformation under 1OX magnification. 

0.006, and 0.008 inch, respectively, w e r e  measured. ,e?, 
L.27 mere was no measurement a f t e r  cycle 4. 

the tes t  ser ies  was interrupted t o  check a modified hold-down 
mechanism. It is  believed tha t  the intermittent deflection re- 
ported above is related t o  the method of retaining the dome and 
dome stem. This theory w i l l  be tes ted by modifying the present 
holding mechanism t o  incorporate a constant force, Bellevil le 
spring. As prevlously mentioned, the  hold-down mechanism has not 
been considered as an item of evaluation since basic performance 
of the seal was desired and a horizontal, oriented sea l  would re- 
quire a different  holding concept tban is  used on th i s  design. 

Following the 13th cycle, 

The sealing properties continue t o  be outstanding. 
zero leakage i n  the collection system. 
collection system has measured 0.05 m l  of leakage over a 78-hour 
period, and it is believed that  it could detect smaller leak rates.  

The cause of increasing disassemblytorques, mentioned i n  the l a s t  
report, has been determined t o  be a result of lubricant breakdown 
and was easi ly  controlled by application of new lubricant. 

There i s  s t i l l  
In other t e s t s  the leakage 

- 

Testing on the  modified hold-down mechanism is  continuing. 
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11. Advanced Reactor Concept Studies 

Fast Supercrit ical  Pressure Power Reactor. 
fusion theory calculations show tha t  control and safety rods posi- 
tioned in the moderator region will have suff ic ient  strength. 
control strength of 50 mk was obtained with a density of 0.007 gm 
natural  boron/cc in the moderator region. Six control rods, 2 cm 
in dianeter, positioned in the  moderator region and constmcted of 
s t a i a l e s s  s t ee l  w i t h  0.5 w/o natural boron, have a strength of about 
13 mk which should be sufficient f o r  shim control. 
that there will be no di f f icu l ty  i n  obtaining a desired control or 
safety rod strength. 

Further l8-group dif- 

A 

It thus appears 

Calculations &ill indicate that  a p a r t i a l  loss of hydrogen i n  the 
moderator r e g i a  causes a react ivi ty  loss. 
was calculated fcr a SO$ hydrogen loss, This permits use of up t o  
N 50 v/o e 0  i n  t h i s  region for  cooling without danger of posit ive 
density coefficients. 

A 6 mk loss  in react ivi ty  

In making up the fue l  elements fo r  the secon'd and th i rd  pass cores, 
the basic d-nsions from the physics calculations were changed t o  
obtain a proper power sp l i t .  ' It w i l l  a l so  be necessaryto increase 
the  enrichment a l ight ly  i n  the second core zone t o  f l a t t e n  the power 
dis t r ibut ion in tha t  region. 

>;<.- -Q 

For the second a d  third pass cores, fue l  elements are as follows: 

Second Core 

Total number of tubes 

mss flow rate lbs/hr-ft2 
Muc. heat f lux B/hr-ft2 
Avg . heat f lw B/hr-f t2 
Perceilt power in dept. UOp($) 
Dimensions : 
Base end 
Truncated end 

1.D. 
0.D. 

3576 

0.2875n 

366,000 

0.2426" * 

3.4 x 106 
550,000 

0 

14.4" 

Third Core 

0.2000" 

2.25 x 10 
405,000 
240, OOO 
24.4 

0.2500" 6 

10.95" 
1.73" 

Currently the physical characterist ics for the first core and blanket 
fue l  elements ere being detemiaed. 

k c h  of the conceptual design e f for t  during the month was related t o  
control and safety considerations and the postulation of accidents t o  
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determine the effect  of these on the reactor core and plant, and 
on containment provisions. 

Each of the two moderator regions i s  composed of six slab-like 
tanks arranged t o  form a hexagon. Each tank is  3 cmthick and 
s l igh t ly  longer than the core and extends the full width of the 
region in which it is  located. Y t t r i u m  hydride bars, extending 
full core length, occupy approximately half the tank volume. 
Besides minimizing excursions which might arise from loss of l iquid 
moderator, these sol id  moderator bars also serve as  s t ructural  
bracing and flow guides. The moderator regions are cooled by water 
which also provides half the neut-ron moderation. 

A safety control rod and an operating control rod are located on 
opposite ends of each tank in the inner moderator region. The 
safety rods are located i n  the moderator water i n l e t  tubes and the 
operating control rods are  i n  the out le t  tubes. 

All the 0.5% boron s ta inless  steel control-rods are 3/4-inch 0 and 
have active lengths equal t o  the height of the core. 
safety rods are of similar design except t ha t  they are loaded t o  
(about) 1 w/o B-10. The other three safety rods are  composed of 
small boron-containing c e r - w c  ba l l s  in thin-wall metal tubes. The 
bottom closures of these tubes and, possibly, the tubes themselves, 
w i l l  be designed t o  "disintegrate" with very small st rains ,  thus 
permitting (at  l e a s t )  some of the poison t o  be inserted i n  the core 
even i f  the safety rod channels collapse, and prevent rod insertion, 
A poison injection system for  the moderator coolant i s  also being 
considered as a back-up safety device. 

A rigid,  two-foot thick, grid p la te  above the core serves t o  locate 
and support the core and blanket elements, the moderator tanks, and 
the pipe junpers. A two-inch thick p la te  at  the top of the fue l  
elements is  bottomed against the support plate  and then fastened 
by bolting from above. 

Three of the 

%be two reactor tanks (one "spare") are  located in an oval-shaped 
p i t .  The p i t  contains borated or natural water which acts  as 
shield and thermal reservoir f o r  the vapor-suppression containment. 
Use of borated water i s  being considered t o  avoid the possibi l i ty  
of achieving thermal neutron c r i t i c a l i t y  following a reactor acci- 
dent in which the core might be dispersed in to  the  water-filled 
volumes. 

Plutonium-Fueled Rocket Reactor. 
way t o  s e t  core parameters fo r  a 

Preliminary calculations are under 
plutonium-fueled nuclear rocket 
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reactor of about 1000 Mu power. An unclad tungsten-base cermet 
fue l  i s  being considered; use of-an unclad cermet would provide 
appreciable savings in reactor s ize  and weight i f  it should 
prove t o  be a prac t ica l  s t ructural  material. 

To obtain the high power density required f o r  reactors of t h i s  
type (cross sectional area of the core will be on the order of 
onequare foot), pov i s ion  must be made fo r  a very large number 
of small coolant channels. 
is being considered. 
feasibly be made by Dynapak techniques. 
heat t ransfer  characterist ics,  the hexagonal coolant channels would 
have t o  be on the order of 0.020" t o  0.dcO" on a side; the cermet- 
fuel  web between channels would be about the same thickness. 

A hexagonal honeycomb fue l  arrangement 
It appears tha t  such a fue l  piece could 

To provide the requisite 

Plutonium Fuel Spacecraft Reactor. 
work done on the preliminary concept of the PFSR, was issued as an 
informal document. 

Document HU-77066, describing 

The PFSR as described i n  HW-77066 is  a compact reactor (a cylinder 
20 cm i n  radius and 40 cm long) for use i n  space with a 20,000-hr 
core l i fe .  The control requirements t o  maintain c r i t i c a l i t y  over ' 

the core l i f e  is 0.25 t o  0.35 Ak. A spectral  s h i f t  control region 
i s  bei& studied as one way t o  achieve the gross react ivi ty  control 
necessary without using mechanical devices. The control re ion is 

coating each surface of the shell ,  which separates the reactor core 
in to  two parts.  
they may easi ly  be absorbed by the boronlO. 
burns up, the hydrogen is released fromthe control region a t  a 
controlled ra te  reducing the amount of neutmn moderation and, herce, 
reducing the neutron capture by boronlO. 

a cylindrical  shel l ,  consisting of yttrium hydride w i t h  E41 8 C 

The yttrium hydride slows down the neutrons so tha t  
As the  reactor fue l  

HFN diffusion theory calculations, using 16 energy groups in  one 
dimensiqnal cylindrical  geometry, have sbown t ha t  the necessary 
control strength may be achieved. In these calculations the core 
or fuel volume remained equal t o  the or iginal  PFSR. 
strength was defined as the difference in k fo r  calculations with 
and without hydrogen i n  the control region. Control strengths up 
t o  0.35 Ak w e r e  obtained with control regions < 4 cm thick. 
core is described as follows: 

The control 

The - 
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Reg 1: Core 

Reg 2 B4loC 

A- 56 

Radius 

-10  cm 

- 
m-77709 

Reg 3 Y t t r i u m  hydride -13.5 cm 

. .  

Reg 5 Core -22.0 cm 

Reg 6 Beryllium Reflector 32.0 cm 

These calculations require verification with transp0I.t theory 
calculation. Burnup calculations are also necessary t o  determine 
the r a t e  a t  which hydrogen should be released from the moderator. 

D. DIVISIW OF RESEARCH - 05 PROGRAM 

1. Radiation Effects on Metals 

k@zJ This program is aimed a t  establishing the combined effect  of im- 

of specific metals and deducing fromthermally activated recovery 
processes how the damage s t a t e  can be altered. 

purities and neutron i r radiat ion on the properties and structure 4 9 .  

Single C r y s t a l  Molybdenum. 
t ens i l e  specimens were aged fo r  16 hours at  250 C (482 F) and 

Irradiated -molybdenum single crystal  

tested a t  room temperature. 
were made concerning these tests: (1) a pronounced yield point was 
developed only in the crystals containing 20 ppm carbon, and the 
magnitude of the load drop upon yielding increased with greater ex- 
posure, be 
posure of 1 3 9 nvt (lp 1 a v ) ;  (2) the  c r i t i c a l  resolved shear 
stress of the intermediate- (150 ppm carbon) and high-carbon 
(450 p p  carbon) crystals was increased 2 5 - 5 6  as a resul t  of aging, 
the  increase being greater a t  the higher exposure; (3) the duc- 
t i l i t y  of the intermediate- and high-carbon crystals  was substan- 
tially decreased a f t e r  aging, in concurrence w i t h  results obtained 
w i t h  irradiated and aged polycrystalline molybdenum; (4) gross s l i p  
traces were observed in the aged low-carbon c r y s t a l s  immediately 
after yielding; i n  one case of a c rys ta l  with an exposure of 
ld -9  nvt, the deformation vas so localized as t o  resu l t  i n  a dis- 
placement of one-half of the crystal  of about 0.5 mm. 
sults are  believed t o  be yet another msnifestation of the  

A number of s ignif icant  observations 

> 3046 of the load a t  the upper yield point a t  an ex- 

These re- 
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interaction between in te ra t - i t i a l  frupurity atoms u d  point defects 
produced by reactor irradiation. Tke manner i n  which the number 
of operative siip system is reducd  by i r radiat ion and by post- 
i r radiat ion agirg treatmerzts has nct y e t  keen resolved. 
pretation of results is coztinuir;g, 

Inter- 

Lat t ice  parameter easurements on Irradiated molybdenum crystals  
have beer continued us- the modified single crys ta l  diffrac-.  
tometer described greviowly. 'dariaticns i n  l a t t i c e  parameter 
values from g o b t  t o  gofnt on t he  crystal  surface ehow tha t  the 
s ta r t ing  material was not phyficaily homgeneous. Diffraction 
maxima fram many regions of the crystal  consisting of two or more 
overlapping peaks Eeprated by eeveral d n u t e s  of angle indicate 
large subgraks.  In an atten@ to e l lmhate  t h i s  substructure, 
an unirradiated c v t a l  was amealed a t  2GOO C (3632 F) f o r  one 
hour, cooled quickly to 1500 C (2722 F) t o  prevent carbon precipi- 
tat ion,  then coolr3 slcivly t o  room temperature. 
was the r  electropalishsd axid used fcr lat t ice parameter measure- 
ments, 
value of 3.14707 A) w i t t  a =an de-riation of 0.00003 A. 
is within the predicted lidt of precision of one part in 105, it 
is reasonably cer ta ic  tha t  the variations observed in the as-grown 
crystals  are real varia5ions and Eot experimental errors.  

Tte crystal  face 

Six measurements a t  differect  plots  yielded an average 
Since th i s  

Measurements cn l ov  earbon (15 
crystals  after an expsure  cf 1% kvt (E > 1 M v )  show l i t t l e  i f  
any change from The Freirr-athn values. 
ppm C )  crystals  irradiated t o  the s a m  exposure the diffraction 
peaks are much brcadece?. and diffused. 
ments on these crystals are nct yet coq les s .  

ZI C) arid medium carbon (150 ppm C )  

For high carbon (450 

Lattice parameter measure- 

Polycrystal1im Wlybdenm, A greliminary InZrestigation of the 
effect  of reactor i r radiat ion cn the e l ec t r i ca l  r e s i s t i v i t y  and 
anriealing kinetics of high puri ty  (99.99)  molybdenum is in progress. 
Eight resiclt.ivify EpecimEnsp consistirg of 30 cm lengths of 0.25 x n  
diameter wire? wsre m e s l e d  fcr o ~ l e  hour a t  1300 C (2372 F) and 
encapsulated i n  a heliuzn-filied alumiaum capsule and submitted f o r  
i r radiat ion t o  a q c a ~  expcl~urs of $8 nvt (B > 1 MY,). This in- 
wst iga t i an  i e  ktended 30 yield infcrmt ion  on the  nature of the 
complex recovery &ages obse3eS i n  irradiated impure molybdenum, 
with a p r l m r y  pupsee cf escab l f sh lx  the mobilities of single 
vacancies md k t e r s t i t i a l e  a t  the tengera tue  of irradiation, 
i.e., 40 C (104 F). 

Additional one-eighth inch dimeter pclyzrystall ine t ens i l e  specimens 
are being pr€€-ar€d for irradia$i.cn, as ?art, of an exgeriment designed 
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t o  establish the effect  of irradiation on the  yi lding process. 
Planned exposures range from ld-7 nvt t o  5 x l& % nvt. 
Polycrystalline molybdenum, i n  the form of one-half inch diameter 
rod, has been successfully upset t o  O.75-inch diameter i n  four 
stages a t  500 C (932 F) and swsged t o  one-half-inch diameter at  
600 C (1112 F) t o  produce l igh t  stored energy specimens. 
high swaging temperature was necessary t o  avoid cracking. 
possibi l i ty  of preparing stored energy specimens from cold-rolled 
sheet i s  being considered. 

The 
The 

Molybdenum f o i l s  having three controlled carbon levels,  approxi- 
mately 10 ppm, 150 ppm, and 450 ppm, were annealed two hours a t  
900 C (1652 F) a f t e r  i r radiat ion t o  $9 nvt (E > 1 Mev). X-ray 
examination showed the l a t t i c e  parameter and line breadths t o  be 
essent ia l ly  ident ical  t o  the corresponding values f o r  unirradiated 
material. There were, however, pronounced changes i n  the relat ive 
in tens i t ies  of the  diffract ion peaks i n  the samples containing 150 
and 450 ppm carbon. A duplicate s e t  of f o i l  samples was annealed 
i n  the same manner, and the intensi ty  changes were also observed 
i n  these samples. Electron microscope examination of the thinned 
f o i l s  showed a very small number of dislocation loops, in contrast 
t o  the-.large number observed t o  be present a f t e r  a 750 C (1382 F) 
anneal. The =ked decrease i n  observable defects and the change 
in diffraction peak in tens i t ies  is  presumed t o  resu l t  from a 
p a r t i a l  recrystall ization. 
carbon did nct display the change i n  diffract ion peak intensi t ies  
and apparently did not recrystal l ize .  

The ir radiated f o i l s  containing 10 ppm 

Defect structures have been observed in irradiated molybdenum 
fo i l s  by transmission electron microscopy. 
irradiated f o i l s  causes dislocations t o  move i n  s t ra ight  channels. 
The moving dislocations interact  with the  defect structures and 
sweep them from the channels. Examination of the electron dif-  
fraction patterns has established tha t  the channeling does occur 
i n  the close-packed direction, i.e., the [111] direction. 
l e t te r  t o  the editor,  en t i t l ed  "Dislocation Channeling i n  Neutron 
Irradiated hblybdenum," has been prepared f o r  submission t o  the 
Journal of Applied Physics. 

Nickel. Nickel fo i l s ,  0.002 inch thick, of pur i t ies  corresponding to, 99.6, and 99.97s have been prepared f o r  quenching and ir- 
radiation studies. 
(1292 F) f o r  one hour as  w e l l  as uaamealed specimns with 3 6  
cold work w i l l  be encapsulated f o r  reactor irradiation. 
f o r  electro-thinning these fcils are  being investigated. 

Deformation of the 

A 

- 

Spechens which have been annealed a t  700 C 

Techniques 
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Electr ical  r e s i s t i v i ty  studies on quenched-in defects in nickel 
w i r e r  have been delayed f o r  repair  and recalibration of instru- 
ments. The quenching chamber has been modified in the interim 
t o  permit operation a t  much higher heliumpressures, i.e., 500 
psig as  opposed t o  15 psig with the previous arrangement. 
modification will pe t attainment of much higher uenching 

per second) e 

This 

rates  of the order 10 T degrees C per second (2 x 10 9 degrees F 

Additional nickel wire specimens are being prepared. 
0.125 ppll diameter and 1.0 mm diameter are  being drawn fo r  use as 
e l ec t r i ca l  r e s i s t i v i ty  and internal f r i c t ion  specimens, respec- 
t ively.  

Wires of 

Rhenium. 
as-received 0.5 nnn'rhenium wire have been unsuccessful. The cause 
f o r  t h i s  w a s  found t o  be die abrasion due t o  the presence of mani- 
fold transverse cracks i n  the surface of the w i r e .  This cracked 
layer was removed by electrolyt ic  polishing i n  an electrolyte  con- 
sisting of 70 m l  ethanol, 35 ml perchloric acid, and-10 nil n-butoxy 
ethanol (butyl cellosolve). The cracks were found t o  extend about 
0.1 m in to  the wire. 

Attempts t o  draw 0.125 mm diameter rheniumwires from 

BcgerimSntal Techniques and Apparatus. An e lec t ro ly t ica l  machining 
device has been fabricated for  the purpose of s t ra in-free machining 
of reduced sections on single crystal  t ens i le  specimens. The 
device consists of a 12-inch diameter s ta inless  s t e e l  wheel which 
rotates  while pa r t i a l ly  immersed i n  an e lec t ro ly t ic  solution. A 
potent ia l  i s  applied between the wheel and the crys ta l  which rotates 
i n  opposition t o  the wheel and in  very close proximity t o  it. The 
electrolyte  i s  carried on the wheel and contects the specimen, re- 
sult ing in a polishing action, 
one a three-inch wide f la t  wheel f o r  i n i t i a l  polishing of the 
c rys ta l  t o  an axial ly  symmetric, uniform diameter. 
is  perfgmed with a contoured wheel having a one-inch f l a t  section 
and onel-kourth inch radii. 
i n  the crystal .  
f icat ions of the crystal. holder a re  being made. 

Two wheels are  presently available, 

Final machining 

This wheel produces the  reduced section 
Evaluation of t h i s  device i s  continuing, and modi- 

An electrolyt ic  j e t  polisher has been u t i l i zed  f o r  cutting wafers 
from a single crystal  of molybdenum, a necessary i n i t i a l  step i n  
the preparation of f o i l s  fo r  transmission electron microscopy. 
Surfaces cut i n  t h i s  manner are f ree  of cold work but are highly 
irregular. The smooth para l le l  surfaces necessary f o r  f i n a l  thin- 
ning could not be obtained by conventional e lec t ro ly t ic  polishing. 
Sectioning of crystals by Spark machining has therefore been 

. 
I .  

. .  
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. investigated. This method w i l l  produce a smooth but worked 
surface on the specimen. The worked surface layer can then 
be removed by an electrolyt ic  polishing wheel u t i l i z ing  1 6  
HnO3 with a current density of 16 -/in2. 
crystals  of molybdenum 0,020 inch thick have been produced in 
t h i s  fashion. 
of "dimpling" the section with an electrolyt ic  jet. 

Sections of s w e  

The next stage of specimen preparation consists 

2. Plutonium Physical Mtallurgy 

The objective of t h i s  program is  t o  determine some of the basic 
physical metallurgical properties of high puri ty  plutonium and 
t o  establish the  effect  of certain specific alloylng additions 
on these properties. Two areas are under study: mechanisms of 
phase transformations and mechanisms of deformation and recovery. 

Phase Transformation, Grain Growth, and Deformation and Fracture 
Studies. The effects  of various variables on the  alpha plutonium 
grain s ize  are  being investigated. Stress, both tensile and corn- 
pressive, applied during the  - a transformation may affect  
grain size. An i n i t i a l  eqeriment in l i n e  with t h i s  -11 be t o  
apply a bending moment t o  a plutonium rod while the 8 + a 
transformation occurs. The influence of both t ens i l e  and com- 

the  longitudinal microstructure. 
resu l t  i n  grain coarsening involves progressive heating of a plu- 
tonium rod thru the B + (Y transformation (Bridgeman technique). 
A gradient furnace f o r  t h i s  purpose is being constructed. 

Tensile tes t ing of 0.54 w/o AI. stabi l ized plutonium is  in progress. 
Results thus f a r  show no evidence of the Portevin-Le Chatelier 
e f fec t  a t  400 C (752 F). 
inch diaraeter by 3b inch  gage length. 
hour 450 C (842 F) homogenization treatment pr ior  t o  testing. 
Testing was performed with a 0.015 in/& crosshead speed. 

e. ,& -pressive s t r e s s  should be readily apparent from examination of 
Another technique which may 

The specimen dimensions are one-half- 
Specimens were given a two- 

It has been established tha t  the creep rates  of plutonium during 
thu a p and p + transformations under compressive loads 
of lo00 and 2000 psi are much greater than the ra tes  of e i ther  the 
alpha or the beta phase. The creep ra tes  of the  a1 ha and beta 
phases were 5 x 10-7 in/in/min, and 8 x 10-7 i.n/inT&, respec- 
t ively,  during a 1000-minute period, a t  100 C (212 F) and under a 
compressive load of 2000 psi.  

I 1 0 3 4 9 3  
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A volume increase is  associated w i t h  t he  cy B transforma- 
t i on  and a similar decrease is  associated with the 0 + a 
transformation. Therefore, the p t rans i t ion  is  inhibited 
by a compressive load whereas the p - ~  a t r a n s i t i o n  is  accelera- 
ted. The rates  of both transformations rapidly decrease as the  
equilibrium transi t ion temperature is  approached. 
creep might be expected during the cy 4 B trsnsfonnation than 
the 8 + a t r a n s i t i o n ,  a t  temperatures closer t o  the transfor- 
nation temperature, and undera  greater compressive load. 
expected, the creep during the cy 4 B t ransi t ion was significantly 
greater than the creep during the transformation under compressive 
loads of 1000 and 2000 psi .  
for 100 psi.  
effect  of transformation temperature on the creep. 
much greater f o r  larger  compressive loads during both cy---) B and 
p + ~y transit ions.  

Studies have been undertaken t o  determine the e f fec t  of grain s i z e  
upon the  compressive creep rates  of both the alpha and beta phases 
of plutonium as well as those active during the  phase transformation. 

Thus, more 

As 

Indications are tha t  t h i s  is a l s o  t rue 
Results t o  date are insufficient f o r  evaluating the 

The creep i s  

The completely indexed diffract ion pattern of alpha plutonium has 
been made available by Zachariasen and Ellinger i n  a paper, the pub- 
l ica t ion  of which is currently i n  process. This has afforded the 
opportunity f o r  a preliminary quali tative evaluation of the e f fec ts  
of severe deformstion by rol l ing upon the  crystallographic charac- 
t e r i s t i c s  of t h i s  material. Data which have been derived from some 
of the  stronger l ines  of the various patterns obtained t o  date are 
presented i n  the following table. 
pattern w a s  made from an as-cast button. 
served and calculated l i n e  in tens i t ies  indicgtes t ha t  very l i t t l e ,  
i f  any, texturing was present. 
etched cas t  plate  and the etched surface of a similar casting a f t e r  
96 reduction by rol l ing a t  about 25 C (77 F) are conpared w i t h  the 
Zachariasen * and Ellinger results.  

The Zachariasen and Ellinger 
A comparison of the ob- 

The two patterns obtained from an 
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Comparative Diffraction Data 
of Alpha Plutonium in Three Different Conditions 

hkl - 
013 
11’5 
201 
004 
203 
020 
2 l l  
014 
l lF  
024 
223 

Zachariasen & Ellinger 
28 fcalc  Iobs 1/10 

31.08 
32.20 
32.28 
33.36 
34.66 
37 *28 
37.42 . 

38 36 
38.60 
50 85 
51.80 

56.3 56 
128.7 122 
64.9 64 
98.4 105 
142.1 152 

301.4 284 
270.6 246 

105.6 121 
72.6 86 
60.2 70 
91*2 95 

20 
43 
22.5 
37 
54 
87 
100 
43 
30 
25 
33 

A&C ast ) 

31.02 8 
32.18 16 

33.30 9 
34.60 8 . 
37.25 100 

38.37 13 

50.85 11 
51.78 12 

31.08 12 

32.30 100 
33 35 30 
34 65 25 

37 38 56 
38.40 20 

50.88 8 
51.80 5 

The inconsistencies noted in the low angle region of the  pattern 
pe r s i s t  throughout. 
gives indications of significant changes in l a t t i c e  parameter 
values resulting from severe defonnation. 

mre precise techniques. 

In addition, the back reflection region 

A quantitative evalua- 
t i o n  o f - th i s  phenomenon must necessarily await the application of @ 

There is as yet no evidence of significant l i n e  broadening which 
would indicate the existence of residual s t resses  and/or extensive 
grain fragmentation i n  the deformed material. 

A series of castings i s  in  process which w i l l  afford material f o r  
the complete evaluation of the e f fec ts  of varying amounts of re- 
duction at  three temperatures in the  alpha range. Two different 
material s ta r t ing  conditions are  planned. 
quench t o  the alpha from the epsilon region immediately a f t e r  
sol idif icat ion and the other i s  t o  be an isothermal transformation 
in each phase a f t e r  cooling fromthe melt. 
result in a maximum difference i n  alpha grain size.  

One of these w i l l  be a 

These extremes should 

An initial attempt has been made t o  determine the  effects  of 
annealing cold worked alpha a t  temperatures above the normal sta- 
b i l i t y  maximum. 
psi and then heated t o  180 C (356 F) f o r  seven hours. 
cooled under pressure t o  below 100 C (212 F). 
should not have resulted in any transformation t o  the beta phase. 
IWallographic evaluation is not yet complete. 

A sample was hydrostatically pressed at  180,000 
It was 

mi‘s treatment 
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Ten kilograms of as-reduced plutonium were ingotted and cast  
in to  appropriate shapes f c r  deformation and phase transformation 
studies. The analytical  data are not yet available. The 
quali ty of the metal was quite high as indicated by metallography 
and densit  measuremects, The as-cast density was 19.59 - 
19.65 g/cms. The metal contained few visible inclusions a t  250X 
and appeared t o  be nearly f ree  of the P u - w e  eutect ic  and Pu3C2 
(zeta phase) which are ccmnonly observed in plutonium. 
other hand, the metal contained an estimated one-half t o  one v/o 
of microcracks. 

On the 

Four kilograms of the metal w e r e  used t o  prepare specimens f o r  
studying the  mchanisms of phase transformations. A ser ies  of 
these specimens is t o  be used in establishing grain morphology 
and growth rates  a t  different B + cy transformation temperatures. 
A second ser ies  i s  t o  be u t i l i zed  in detennining the e f fec t  of 
beta p l a s t i c  deformation on +,he B cy transformation and i n  
studying the mode of transfonnatlw under aFplied s t resses  of 1000 
t o  12,000 psi .  
mechanism of the B +a,transformation. 
samples w i l l  be used f o r  investigating crack formation and propa- 
gation during transformation. 

These studies w i l l  provlde information on the 
Five hundred grams of 

Two kilograms of plctonium have been alloyed with 10 a/o aluminum 
f o r  inves t iga tkg  the Fortevln-Le Chatelier e f fec t  i n  stabil ized 
delta plutonium. 
rolling, extended defcrmation during rhase transformation, fracto- 
graphy, electron ficroscopy, and grain growth studies. 

The reminder of the =tal  was prepared f o r  alpha 

A standard stereographic projection of the c v s t a l  structure of alpha- 
plutoniumwas desired t o  a id  proposed studies on t h i s  metal. 
projection was constructed from known uni t  c e l l  data  by calculating 
the length and direction of the apprcpriate vectors i n  reciprocal 
space. A t o t a l  of 38 xoles 1s represented by points on a stereographic 
projection, and a l ike  number may be obtained by the symmetry rela- 
tions. A table  giving the angular relationships was  a lso compiled. 

A [OlO] 

A cong?utcr program f o r  calculating reference powder x-ray patterns 
d i rec t ly  from sirigle-crystal data has been obtained and w i l l  be 
u t i l i zed  i n  the s ~ m e  prcposed study. 
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Examinations and Measurements 

Samples were removed from NaK capsules 17 and 18 and were visually 
examined 

An N-Reactor outer tube element was measured for  residual s t r e s s  
a f t e r  post-irradiation examination disclosed the  presence of a 
second phase i n  the uranium. 

Metallography was done on the in-reactor par t  of the  fa i led  
Inconel lo5 DR Gas Loop. 
eight nickel base alloy control samples, 

Metallography was also completed on 

Rockwell hardness t e s t s  were reported' on three Zircaloy-2 samples 
from process tube 16430 

Metallography was used t o  determine extent of hydriding i n  f r e t t i ng  
corrosion. 

Three photomosaics and four diameter composites of cross sections 
of ceramic fue l  elements were photographed a t  75X (RM's B-603 
and 678) . 

@. '5;. 

PRTR element #1501 (nested, tubular, U02) w a s  examined for  extent 
of s inter ing and degree of hydriding. 

Microdrill samples were obtained from cross sections of samples 
from Gm-14-20, 22, 27, 66, 68, 69, 83, 85, 87, 88, and 91. 
Macrophotographs of each specimen were made a f t e r  d r i l l i ng  (RM c-620). 

Thirty-four samples were removed from 10 rods from Pu-A1 PRTR element 
#51O8. 
product dis t r ibut ion (RM C-757) 

Samples w i l l  be processed t o  determine burnup and f iss ion 

Burst t es t  specimens were removed from sections of PRTR Zr-2 process 
tubes 0720, 5540, and 5702, 
tach specimen were recorded (RM C-8531, 

Diameter and tube v a l l  thicknesses of 

Forty i r radiated metal o r  ceramic fue l  samples were dissolved f o r  
burnup analysis,  nitrogen analysis, o r  cladding recovery, 
uranium samples were chemically declad, 
were determined, 

Thirteen 
Densities of four samples 
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The cause of fa i lure  of the  e l ec t r i ca l  r e s i s t i v i t y  leads i n  
Capsule GEH-4-82 vas determined (wll C-904). 

Thickness of corrosion coupons from quadrants GM-20-48, 64, and 
82 w a s  measured (RM C-113) 

Metallography of two i r radiated thorium samples B-2 and S-3 was 
completed af ter  a 100-hour anneal at 700 C. 
f o r  electron microscope studies (-FM C-501). 

Replicas were obtained 

Samples were removed from N a K  capsules 3A24 and 3U31 and measured. 
Seven other capsules were stored for  "cool down" because of high 
radiation readings encountered (RM C-554) 

Twenty quadrants of s t ruc tura l  materials were received, identified,  and 
pre-test measuredo Six s ta in less  s t e e l  samples were tes ted.  Tests 
were terminated because of inadequacy of t h e  gr ips  a t  loads exceeding 
4000 l b ,  
remote operation (RMFs C-500 and 801) 

New grips  have been received and are being.modified for  

The r e su l t s  and significance of these measurements w i l l  be found i n  
the reports of t h e  appropriate Research and Development organizations, 

Equipment 

High Temperature Tensile Grips, 
grips was completed i n  Technical Shops e 

inspection, the  grips w i l l  be tes ted  i n  the  Physical Mechanical 
Properties Testing Cell. 

Fabrication of the Inconel-X t ens i l e  
Following a dimensional 

N a K  Capsule Opening Equipment, Design drawings Yere completed for  a 
revision of the  milling machine i n  "F" C e l l ' t o  make it sui table  for  
cer ta in  N a K  capsule opening operations. 
requested, 

&. 
and is  now under t e s t  t o  determine optimum operating conditions, 
and l imitat ions and capabi l i t ies ,  
promising . 

Equipment cost  estimates were 

The grinder has been completed 

Preliminary tests are very 

Stereo Zoom Microscope. 
drawings were received fo r  Hanford approval. 

The stereo zoom, hot c e l l  microscope 

Light Duty Master-Slave Manipulators, 
master-slave manipulators continued i n  t h e  vendor's plant ,  
of the two manipulators is  expected i n  June. 

Fabrication of two l igh t  duty, 
Delivery 
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I r r a d i a t e d  S t r u c t u r a l  Materials Test ing F a c i l i t y .  
scoping of  t h e  I r r a d i a t e d  S t r u c t u r a l  Materials Tes t ing  F a c i l i t y ,  

Prel iminary 

B-504-H, was i n i t i a t e d ,  

X-Ray Di f f r ac t ion  Cell ,  
c r y s t a l  x-ray d i f f r a c t i o n  u n i t  was completed t h i s  month. 
has  been operated w i t h  i r r a d i a t e d  samples t o  e s t a b l i s h  opera t ing  
procedures a f t e r  t h e  ex tens ive  modi f ica t ions ,  

The lead b r i c k  sh ie ld ing  around t h e  double 
The u n i t  

, 

Vacuum Fusion Furnace, Demonstration of  t h e  remote induct ion  
furnace at t h e  vendor 's  p l an t  was witnessed May 1 and 2, Heating 
c h a r a c t e r i s i t c s  of t he  furnace were very s a t i s f a c t o r y .  
diameter by 2 i n ,  long uranium sample w a s  heated t o  l i q u i d  s ta te  i n  
21 seconds, Equipment and con t ro l s  responded quickly and t h e r e  w a s  
no hea t ing  of the mounting plug o r  support ing equipment. 
o f  t h e  equipment i s  expected during May following c e r t i f i c a t i o n  of t h e  
i n t e g r i t y  of t he  vacuum system by an independent t e s t i n g  labora tory .  

An 0.5 i n .  

Shipment 

Bui lding Operations 

Cask xi26 has completed two round t r i p s  between Hanford and NRTS i n  
Idaho, Casks 16  and 22 were shipped t o  NRTS, 

Local cask shipments were as fol lows:  
325 Building,  t h r e e  t o  lO5C, t h r e e  t o  105 KE, two t o  105KW, and one 
t o  105F0 Forty-three "milk p a i l "  and t h r e e  "Gatling Gun" (30 cans)  
waste cask runs were made, 

f i v e  t o  PRTR, f i f t e e n  t o  

One s to rage  rack was removed from the b a s i n  and s t o r e d  i n  the b u r i a l  
ground t o  make room f o r  cons t ruc t ion  of  t h e  B u r s t  Test F a c i l i t y  
cana l ,  Also, i n  prepara t ion  f o r  t h i s  work, a c o f f e r  dam was i n s t a l l e d  
i n  t h e  bas in ,  

Both overhead cranes were inspected by an o f f - s i t e  c e r t i f i e d  inspec tor .  

Miscellaneous 

A paper t i t l e d  " C r i t e r i a  f o r  Safe  Handling of I r r a d i a t e d  Plutonium i n  
Beta-Gamma Cells" was co-authored by C .  L. Boyd, J. G. Bradley, and 
L, G. Faust ,  and submitted t o  the 1 1 t h  Hot Laboratory and Equipment 
Conference Program Committee, 

2, Metallography Laborator ies  

Metallographic a s s i s t a n c e  t o  NRD f o r  the welding of suppor ts  t o  
N-Reactor fue l '  elements has  continued, 
been reasonably we l l  def ined ,  f u r t h e r  work may be confined t o  q u a l i t y  
con t ro l  

Since process  v a r i a b l e s  have 
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Two hel i -a rc  welds, one of stainless s teel  t o  niobium and one of 
Zircaloy-2 t o  niobium, were examined f o r  weld c h a r a c t e r i s t i c s  and 
micro-s t ructure ,  The s t a i n l e s s  s t ee l  t o  niobium r e s u l t e d  i n  
b r i t t l e  compounds i n  the weld which caused it t o  fracture as t h e  
p iece  cooled, 
The Zircaloy-2 t o  niobium weld appeared s t rong  and uniform. The 
weld reg ion  cons is ted  of  a non-uniform mixture  of i n t e r -me ta l l i c  
compounds, 

This weld w a s  uneven and of genera l ,  poor q u a l i t y ,  

A gas-pressure bonded t e s t  sample of a simulated Zr-2 clad uranium 
f u e l  element w i t h  a niobium cap i n s e r t  was examined f o r  bond 
i n t e g r i t y ,  A l l  bonds appeared good, A f e w  unbonded areas were 
l imi ted  t o  t he  a c t u a l  s i z e  and l o c a t i o n  of unwanted inc lus ions  i n  
t h e  bond l i n e s ,  
p a r t i c u l a r l y  d i f f i c u l t  t o  e t ch  f o r  proper ou t l ine .  
f i n a l l y  used w a s  one conta in ing  80 cc HC1, 20 cc HNO 
of HF, 
mixture a f t e r  rece iv ing  a mechanical po l i sh .  This same e tch ing  
s o l u t i o n  can be used e l e c t r o l y t i c a l l y  wi th  12  v o l t s  D.C. t o  e l ec t ro -  
po l i sh  Zi rca loy ,  
and a l s o  t h e  concent ra t ion  g rad ien t  of a l loy ing  c o n s t i t u e n t s  wi th in  
the Zi rca loy  , 

The niobium t o  Zircaloy d i f f u s i o n  zone proved 
The e t c h  

and 5 drops 
The sample was swabbed f o r  about 10 seconds a i t h  t h i s  ac id  

!he r e s u l t a n t  sur face  shows a l l  g r a i n  boundaries 
. 

During vacuum cathodic  e t ch ing  the temperature of t he  specimen 
being etched rises, al though an attempt is  made t o  coo l  the specimen 
by cool ing the cathode upon which it restso 
e f f o r t  was made t o  determine t h e  temperature t h a t  a sample might reach 
during t h e  e t ch ing  process .  
a "Wood's Metal" a l l o y  having a melt ing po in t  of about 65 C, 
i n ,  diameter by 1 / 2  i n ,  t h i c k  specimen was then  pol i shed .  
ca thodic  e tch ing  t h e  vol tage  was advanced i n  0.5 kv s t e p s  wi th  f i v e  
minute i n t e r v a l s  between s t e p s  t o  allow t h e  sample t o  reach thermal 
equi l ibr ium. 
was de tec ted .  A t  3.0 kv and 2,O m a , ,  however, t h e  pol i shed  su r face  
was observed t o  become s l i g h t l y  f l u i d ,  
after removal from the  e t c h e r  d i sc losed  tha t  no apparent  mel t ing took 
p lace  on t h e  su r face  r e s t i n g  on t h e  cooled cathode. This information 
when coupled with t h e  thermal conduct iv i ty  and sample geometry may 
enable  a rough estimate of  t h e  sample temperature dur ing  t h e  e tch ing  
process  

During the  month, an 

Samples of uranium sho t  were c a s t  i n  

During 
The 3/8 

A t  2.5 kv and 1,7 m a ,  no melt ing of t h e  sample su r face  

Examination o f  t h i s  specimen 

An examination of Edison-type Monel-R r e s i s t a n c e  temperature  
d e t e c t o r s  (RTD's) was made i n  an attempt t o  determine the  cause of t h e  
cor ros ion  noted on them upon removal from K and DR Reactors ,  General 
p i t t i n g  cor ros ion  was loca ted  on the  barrel although some p i t t i n g  was 
loca ted  on t h e  stems. A s l i gh t  in t e rg ranu la r  cor ros ion  tendency was 
noted i n  some of the p i t s ,  Whether t he  cor ros ion  i s  due t o  normal r e a c t o r  
environment o r  caused by a r e a c t o r  decontamination process  has not been 
determined, 
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Other work during the month w i l l  be reported i n  connection with 
t h e  respec t ive  research and development programs served. 

N-Reactor Charging Machine. 
s t r i pped  from it during use, was replaced,  
d r ive  r o l l e r s  were not  of the  same q a a l i t y  as the  shop fabr ica ted  
prototype on which t h e  t e s t i n g  was performed. 
inves t iga ted  fu r the r ,  

One dr ive  r o l l e r ,  which had t h e  rubber 
Apparently t h e  production 

The problem w i l l  be 

The end t h r u s t  s tabi l izer  system has again been tested i n  i ts  
modified form t o  determine i f  it i s  adequate t o  r e s i s t  a 20,000 
pound end load on the  machine, The movement of t h e  main frame with 
respec t  t o  the lower frame was measured a t  0,085 inch when the main 
frame w a s  f u l l y  loaded, This amount i s  now considered acceptable i n  
l i g h t  of t h e  modifications that have been made t o  the v e r t i c a l  
lift worm gear t ransmissions,  

A major por t ion  of t he  t e s t i n g  performed during the month dea l t  w i t h  
Design Test 22-B, which evaluates  t h e  e f f e c t  of t h e  charging machine . 
on f u e l  elements, 

When t y p i c a l  f u e l  elements were charged i n t o  the Test 22-B mockup 
with a back-pressure of approximately 500 pounds (75 psig)  and a 
ve loc i ty  of 60 fpm, f l a t t e n i n g  of t h e  self-supports  occurred up t o  
a maximum of 8bOUt 0,025 inch, 
occurred when f u e l  elements were charged a t  (1) reduced ve loc i ty  
(15 fpm) 
ve loc i ty  (15 fpm) and pressure (30 ps ig )  Tbe Test 22-B mockup was 
modified t o  a more pro to typica l  condition by replacing the  receiving 
magazine with an NPR process tube., Ten charges have been made i n t o  
t h i s  modified mockup with no more than  0,005 inch f l a t t e n i n g  of t he  
self-supports,  t h e  majori ty  of which is a t t r i b u t e d  t o  measurement 
e r r o r o  It should  be noted t h a t  ha l f  of these  charges were made i n t o  
an empty process tube (no e x t r a  column load) and the o ther  ha l f  i n t o  
the process tube which contained t h e  previously charged column (column 
load of a fuel  column only) ,  
much less than  t h a t  used when t h e  f e e t  were damaged. Further i nves t i -  
ga t ions  are under way t o  determine t h e  cause of t h e  f l a t t en ing .  

v- 

Fla t ten ing  of reduced seve r i ty  a l s o  

( 2 )  reduced back-pressure (30 p s i g ) ,  and (3)  reduced 

In  both cases ,  t h e  back pressure was 

4, Special  Plutonium Fabricat ions 

Al-Pu Fuel for  Corrosion Tests. Thirty-eight f u e l  elements were made 
t o  complete t h i s  work; a thermocouple w e i l  f o r  in-reactor  temperature 

@ -  

measurements w a s  placed i n  the  center  of s i x  of the  elements.- 

- 
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Corrosion which occurred during au toc lav ing  of some of  t h e  X8001 
cladding a l l o y s  was apparent ly  a sur face  phenomenon s i n c e  it d id  
not  r e c u r  when t h e  a l l o y s  were re-autoclaved after removing 0.010 in .  
of the s u r f a c e o  In review, t h i s  work cons i s t ed  of co-extrusion clad-  
ding an A.1-8 w/o Pu a l l o y  with t h r e e  d i f f e r e n t  Al-Ni-Fe cladding 
a l loys .  The cladding was me ta l lu rg ica l ly  bonded t o  t h e  core.  The 
s i g n i f i c a n t  development i n  t h i s  work was c u t t i n g  t h e  long extruded 
rod i n t o  s h o r t  l engths ,  counterboring t h e  core  material, followed 
by success fu l  decontamination of t h e  f u e l  p r i o r  t o  welding t h e  end 
caps i n  p lace .  

UO This f u e l  c o n s i s t s  of 0.90 w/o Pu02 
*depleted U02 i n  t h e  form of 1/2-inch diameter p e l l e t s ,  The 
p e l l e t s  w i l l  be c l ad  i n  Zircaloy;  4000 p e l l e t s  were s i n t e r e d  and 
2000 p e l l e t s  .were ground t o  f i n a l  d i ane te r .  

PuOp Fuel  f o r  t h e  PCTR. 

High Exposure Al-Pu Fuel f o r  Physics Tests. 
t h e  1000 rods requi red  f o r  t h i s  t e s t .  
contained 163 w/o Pu-240, 
of plutonium and  was c l a d  i n  zirconium. 

Work was completed on 
"he a l l o y  was 2 w/o Fu which 

Each three-foot  rod contained 6-1/2 grams 

5, EBWR Fuel  Elements 

Prepara t ion  of  P u O  
work involved burning Pu t o  oxide,  b a l l  mi l l i ng ,  and screening  t o  
-325 mesh. 

from 60 kg of Pu metal w a s  completed. This ? 

The first Zircaloy tubes  f o r  t e s t  s tandards  were received.  Standard 
notches w i l l  be machined i n  them, and they  w i l l  be returned t o  t h e  
vendor f o r  use during accpetance t e s t i n g  of t h e  remaining tub ing ,  

A p i t  was dug and concrete  walls were poured t o  house equipment f o r  
t h e  experimental  f a b r i c a t i o n  of  EBWR f u e l  rods.  

EBWR Plutonium Fuel Elements. 
deple ted  uranium (0.2% U-235) t o  U308, and hydrogen reducing t o  U 0 2 ,  
was d e n s i f i e d  by pneumatic impaction. 
was requ i r ed  f o r  impaction than  w i t h  o the r  previously tes ted  types  of  
U02,  
of t h e  308 Building impaction machine, it w i l l  be necessary t o  t rea t  

Uranium dioxide ,  prepared by burning 

One-third more impact energy 
. . .  

Because of  t h e  high impact f o r c e  r equ i r ed  and t h e  l i m i t e d  capac i ty  

UNCLASSIFIED 
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the material by pneumatic impaction i n  the large machine i n  the 
325 Building pr ior - to  blending it with P”02 and again impacting 
it, This method of  achieving high density material has been 
demonstrated for  several types of  U02,  and is re la t ive ly  insensi-  
t i v e  to  the properties of  the start ing material. 

c. 
r ’ ’, 

. .  

for  Manager U 
Reactor and Fuels Laboratory 
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FISSIONABLE MAT- - 02 ,PROGRAM 

REACTOR 

AnaLysis of N-Reactor Experimental Data 

The &aft  of the  formal dccument on I?-reactor physics work (~~1,72036) is 
ccmp1et.e exceGt fo r  a few graphs and pictures. 
prob1e.m digcussed last month has been resolved. 
e r r c r  i n  the measured l /v  flux i n  the graphite has a large ef fec t  on the 
resultir4 t q e r a t u r e  but a negligible effect  on "f", there are no problems 
i n  r?ormalizirg between experiments with different  graphite densit ies.  All 
experiments have now been normalized t o  a standard condition which corres- 
ponds t.0 the  PCTR mockup l a t t i c e .  

The neutron t q e r a t u r e  
Since a re la t ive ly  small 

MAY 1963 

,3 0E;tinizat.ion of Re-tubed Lattices &;I. 

Vertical traverses have been completed i n  the "C" exponential p i l e  contain- 
izlg dry CVIN (overbore) fuel. 
mt safety rois and with six rods. 

The measurements were performed both with- 
The data on the  werbore experiments 

. are being aaelyzed. 

K Lattice PCTR wer imen t s  

Measurements are be- made in the KTR t o  obtain absolute Ib values f o r  
KVNS fuel pieces and zirconium process tubing i n  the K l a t t i c e .  
mental work has been coq le t ed  for  the wet case using a three by three c e l l  
=ray. 
c e l l  t o  a kap of m i t y .  
fine strwture of the flux in both poisoned and unpoisoned cases in  which 
the c&mlun ratios of 5 mil gold were matched i n  all ce l l s .  Copper foils 
were used throughout the center c e l l  and on t he  thermal column, and i n  
addition gold f o i l s  were used in t he  fuel and coolant channels. Detailed 
flux variations have been measured in the copper poison and n e e  the end- 
caps of the fuel pieces. All f o i l  data fo r  the above work have been pro- 
cessed t.hrough the  compcter program APDAC and checked, and are now being 
analyzej.. 

The experi- 

The correct mass of copper has been determined t o  poison the central  
Foi l  irradiations were made fo r  determination of 
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Reactivity measurements have been made in the PCTR t o  determine (1) the 
Legative As due t o  e i ther  a normal or grey spline being inserted into the 
ceater c e l l  process tube in the wet K l a t t i ce ,  ( 2 )  the  Ak f o r  a normal 
sFiine as a function of t o t a l  exposure in the production pile,  and ( 3 )  the 
Ak f c r  a normal spline as a f'unction of corrosion. Measurements were made 
us- ssveral irradiated and non-irradiated spline sanples. 
irradiate3 saq2.e w a s  etched uniformly i n  a strong caustic solution t o  
sppraximately 754, 56 ani 25s of the original mass. 
aezrts were made on th i s  spline at each step i n  the etching process t o  
obta'Ln cik as a function of corrosion. 
EOW Seirg analyzed. 

One non- 

Reactivity measure- 

The data from these measurements a re  

Cmputat.icnal Progranrmiw Services 

Test cases hwe been successfully run on both LEAP and ADDELT, the thermal 
neutror, sca t te r i rd  codes imported from Harwell, w a n d ,  last month. 
5 t n c t i c n . s  fo r  t h e i r  use are being prepared fo r  dis t r ibut ion t o  those 
irlterested. 

AMitiona3. revisions t o  TRIP005 this month are probably the last before 

be ph l i shed  I;& month. 

A specialized vereion of the reactor kinetics code, called TRIPl05, was 
grepared t o  cmpGte the react ivi ty  by a sine function. 

The Fortrmslations Index was extensively revised and updated this month. 

L M t e d  core space in a portion of the CALX chain forced preparation of a 
nore canpact version of L I W ,  the routine which positions the Composite 
Lilley Tape. 
as L I U  except that one of the  output options of L I U  is  omitted. 
LILLr;? is  in  debug. 

,.the progr6m is f r w e n t o  conform with the descriptive document, which w i l l  4%. !g) 

C 

The new version, called LIUY2, functions i n  the same manner 

Scattering Law for Graphite 

Several aperimeats performed in the PCTR studying the moderating proper- 
t i e s  of graphite show promise for  checking the various currently available 
scattering l a w  models fo r  graphite. To distinguish moderating from trans- 
~ ~ r t  effects, it is  desirable t o  analyze the experiments with computer 
grcgrhm S. 
td as i n p t  f o r  program S, SPECTRE is being modified t o  give a punched 
card outpat that is  suitable as input t o  program S. This mechanization 
w i l l  a l so  reduce the  possibi l i ty  of error so essent ia l  t o  avoid i n  such 
a cscs;pari~o;7, study. 

Since a large number of t ransfer  cross sections must be calcule- 

I 1 0 3 5 0 5  
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Ins t merit at ion 

Circuit modifications were carried out by GE-APED on the  gemms energy 
spectrmeters planned for  use in the N Fuel Rupture Monitoring System. 
The chmges involved the count r a t e  meter c i rcu i t  and the  DC amplifier 
c i rcu i t .  
instrument was made the l a s t  week i n  May. 

Cooperative tes t ing  was carried out with &trument and ELectrical Develop- 
ment, IPD, on several possible N Reactor s tar tup instrumentation systems. 
Tests included pulse height dis t r ibut ion measurements at various neutron 
counting ra tes  fo r  three B q  proportional counters. 
carried out a t  the  305 p i l e  with the spare source range log count r a t e  
and period instruments with subst i tute  f i ss ion  counters and preaxnplifiers. 
Test resu l t s  suggested a need f o r  further instrument evaluation studies 
pr ior  t o  N Reactor startup. 
intemeaiate  and parer range equipment were reviewed. 

A t r i p  t o  G%APED t o  witness final t e s t s  on a production model 

Other t e s t s  were 

Drawings of the  ion chambers fo r  the  N Reactor 

An oscillosmpe camera and two integral  assembly sc in t i l l a t i on  detectors 
were received fo r  use i n  the N m e 1  Testing Loop being ins ta l led  at  PRTR. 
An order was placed for  the  X-Y recorder, and requisit ions were prepared 
fo r  the rack cabinets a,nd cooling blowers. 
which require control valves capable of taking full loop pressure are 
being reviewed. 
t en t  flaw stoppage which would place full loop pressure on the  sample 
ce l l s  ana flow transmitters. Specifications were s ta r ted  f o r  the  two 
delayei neutron monitors ana f o r  the sc in t i l l a t i on  spectrmeters.  The 

’solid s t a t e  multichannel analyzer was returned t o  the  manufacturer fo r  
repairs.  

System Stcdies 

The N Reactor kinetics and primary loop sirmtlation f o r  the  power range 
was used t o  determine the effects of varying the  reac t iv i ty  ramps, i n l e t  
t eqe ra tu re ,  instrument t r i p  set t ings and time constants, i n i t i a l  power 
level, power setback rates,  and scram reac t iv i ty  time f’unctions on a number 
of system variables. 
interested NRD and HL personnel. 

Revised f l a w  equipment bids 

Special valves were specified i n  order t o  prevent inadver- 

Scheduling problems were discussed with IPD personnel. 

The simulation was described and demonstrated t o  

A three-pmp model of the inject ion system w a s  s e t  up on the  computer t o  
study the e f fec ts  on system s t a b i l i t y  of varying primary loop operating 
pressures and different  controller types. 
found by minimizing the integral  of the  squared error  resul t ing from a 
systems disturbance f’unction. 
vazied Over the range of 100 t o  E50 psia. 

Optimum controller set t ings were 

Primary loop puny suction pressures were 
Both proportional-plus-integral 
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and p u e  integral  control modes were used. 

An analog simulation has been prepared fo r  studying N Reactor kinetics 
over several decades of power, including startup. 
the use of analog memory techniques which do not ordinarily a l l o w  system 
varia3les t o  be ini t ia ted.  
selects  either i n i t i a l  conditions or range scaling, depending on how f a r  
the prcblem solution has progressed i n  time. 

The two-dimensional D Reactor sirmrlation which has been under investigation 
fo r  the past few months has been found t o  be basically in error;  hence, 
eazl ier  t e a t s  using the automatic D Reactor prototype controller are 
invalid. 
gathering data frm a production reactor. 
been estLblished which allows a simple measurement on the D Reactor t o  
be iised fo r  measuing system parameters. 

This simulation requires 

A c i rcu i t  has been devised which automatically 

The simulation w a s  being used t o  determine the  best methods fo r  
A d ig i t a l  computing program has 

A i\ Reactor production t e s t  made t o  detennine the effects  of control rod 
perturbations cn reactor performance may pruve t o  be of only limited value. 
m i n g  early t e s t  n u s  involving small changes i n  control rod position, 
reactor power did not reach equilibrium in one instance following a one-inch 
rod movement. 
reactor response, for  safety reasons continuing experiments were restr ic ted 
t o  sinsller chenges i n  rod position. 
suqgests tbt the measurement uncertainty result ing from the res t r ic ted  rod 
qovement s may make the data of limited value. 

Three ccnsultations were held th i s  month with AM: Legal and Arrchasing 
people t o  write the terms and conditions of the processacontrol computer 
contract. The bid package is  now i n  i t s  f i n a l  draft, and w i l l  be sent 
t o  the prospective se l l e r s  upon i t s  completion and our apprwal.  

c?) Although subsequent t e s t s  did not duplicate t h i s  unusual -2 

Preliminary evaluation of the data 

SEPARATIONS 

Experinrents with plutonium Solutions 

Cri%ical i ty  experiments with plutonium solutions were temporarily suspended 
i n  order t o  f a c i l i t a t e  the f i n a l  checkout of the  s p l i t  tablemachine, which 
is  located in the  second hood of the c r i t i c a l  assembly room. 
neutron detection system is currently being used fo r  both solution e q e r i -  
ments an& those with Ar%-plastic mixtures. 
ment limit operations t o  one c r i t i c a l  assembly and hood at a time. 

Measurements were completed with two Ar(N03)4 solutions during the month. 
Frm these and previous data, the c r i t i c a l  concentration f o r  a homogeneous 
h-water  mixture (zero n i t r a t e )  is  estimated t o  be - 6 3  g h/$, fo r  a 

The same 

Safety retpirements and equip- 
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c r i t i c a l  mss of 816 g h. 

Sopne comparisons have been made among the  current experbental  c r i t i c a l  
data and previous values obtained from theory and other methods, such 
as b~ckl i r ig  conversions. A t  12.95 l i t e r s ,  f o r  the case of zero ni t ra te ,  
the measur& volume is 12-13s larger than previously assumed. For Pu 
n i t r s t e  solution at a concentration of 435 g h / B  (0.8 molar solution) 
the  measued volume is u 40$ larger. 
revisions i n  the c r i t i c a l  data, whereby c r i t i c a l  volumes and masses w i l l  
be increased by -20 -46  at higher concentrations depending on the n i t r a t e  
concentration. 

As a re su l t  one may anticipate 

meriroents w i t h  Plutoaiun Oxide-Plastic Mktures 

The f i n a l  checkaut of the s p l i t  table  machine w a s  completed, and this 
device was m a d e  ready for  the experiments with ArQ-polystyrene cmpacts. 
The izri t ial  experiments are being res t r ic ted  t o  subcri t ical  neutron multi- 

. plicat ion measurements and are Cesirned t o  'obtain preliminary c r i t i c a l  
mass data srid provide operating experience w i t h  the s p l i t  t ab le  machine 
preparatory t o  i t s  use i n  c r i t i c a l  experiments. 

The f i rs t  ssbcr i t ica l  neutron nul t ipl icat ion experiments u t i l i z ing  the 
remote s p l i t  t ab le  machize began cn May 24. 
the fora  of ArQ-polystyrene compacts ( s a l  cubes up t o  two inches on a 
side). 
a t d c  r a t i o  i s  15. 
s e c t i o r d  dbensions 12 inches by 12 inches was found t o  be well sub- 
c r i t i c d .  when four  inches in height, and containing about 10.5 Kg of PU; 
h f i f i h e r  experiments the height of the stack w i l l  be increased up t o  
a maximum of 858 of c r i t i ca l i t y .  Preliminary e s t a t e s  of the  control 
ardl asfety rod worths w i l l  be determilled. Cr i t ica l  masses and volumes 
w i l l  be estimated f rm the subcri t ical  multiplication measurements fo r  
vazims configurations of the  fue l  (p r imipa l ly  rectangular parallelepipeds) 
d e r  different  cordit ions of neutron reflection. 

The fissile material is  i n  

concentration of Ar in the m i x t u r e  i s  1.14 g/cc, and the H/Pu 
h u r e f l e c t e d  rectangular parallelepiped of cross 

Cr i t ica l  experiments w i l l  not be undertaken unt i l  f i n a l  approval of the 
hazards sumnary report has been received. 

W E C  - A Neutron Sltmirg Down and Thermalization Code f o r  Lattices 

The GAMTEC Code, which gives d t i g r o u p  constants fo r  heterogeneous systems 
fo r  use i n  multigroup diffusion calculations, has been ccenpleted and de- 
bugged. 
homcgenecus systems as well. 

The code has been m o d i f i e d  t o  provide multigroup constants fo r  
GAMTM: also camputes the individual l a t t i c e  
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physics parameters, i.e., q: E, f, p, 7 ,  ~ 2 ,  k~,, and g. 

Hw-777og 

The l a t t i c e  parameters for  a natural uranium, water cooled, tt;,e-in-tube 
fuel assembly have been cconputed with the code. f ,  p, 
and k,, were determined experimentally by D. E. Wood, e t  al., (HW-67094) 
fo r  t h i s  fuel assembly in a lO&inch graphite l a t t i c e .  
results obtained this month are in .good agreement with experiment. 

It is  planned t o  use this code in certain nuclear safety applications 
involving heterogeneous systems of s l igh t ly  enriched uranium i n  water. 
Input data instmctions are being prepared f o r  distribution. 

The experlmental value of the minimum enrichment fo r  c r i t i c a l i t y  of a 
Uq-water mixture has been determined by experiment t o  be 1.0% (HW-70310); 
t h i s  enrichment occurs a t  an H-to-total U r a t i o  of about 4.8. 
cases have been m on the GAHTEC C o d e  w i t h  the 1.0344 enrichment at dif-  
ferent H/U ra t ios .  
a t  the  correct H/U ra t io .  The resu l t s  seem t o  indicate that same adjust- 
Eent i s  needed i n  the  uranium cross sections. 

The pantit ies 

The calculated 

Several 

The k,'s of the hamogeneous G W E C  cases do not peak 

*Buckling of Paxtially Fil led spheres 

In an ef for t  t o  predict the analytic value fo r  the buckling of a bare 
hemisphere more accurately ( .69 last reported) by difference methods, 
the l a t t i c e  of two-dimensional mesh points is being varied. 

Esme small trends have been apparent as changes in e i ther  the r or 8 
'spacing have been made. Fhrthemore, change frm an equal spacing i n  8 
t o  an equal spacing i n  cos 0 have given numerical values on ei ther  side 
of the analytic value. 
been determined, however. 

If the accuracy of the present appraximation is  insufficient (error  i n  $ 
of about 5.01) a double lagrange interpolation function w i l l  be t r ied .  
The f l u x  i s  w r i t t e n  as 

Thus far, 

The l a t t i c e  with best value f o r  $ has not yet 

f o r  each of the i points in the  mesh. 
functions for  r and 8 coordinates, respectively. That is: 

L, and L, represent t he  Lagrange 
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In anticipation of t h i s  possibil i ty,  some of the basic programming has 
already been accomplished. 
cients of the Lagrange function fo r  each degree at each l a t t i c e  point. 
This enables a t e m b y  t e r n  integral  evaluation of the p o l y n d a l  f i t .  
routines have also been writ ten f o r  the analytic value of 

1 

One subroutine calculates the  matrix of coeffi- 

Sub- 

sin 8 de and! sinm 8 d8 fo r  arbi t rary m. 

Subcritical Interactions 

INTERSEL! code reached a usable level;  hence, an informal document was 
issued (HW-772'79) fo r  local  distribution. 
from Douglas Aircraft Corp. was f i l l e d .  

A set of c r i t i c a l i t y  data frm Oak Ridge has been used t o  increase the  
number of problem types which can presently be handled. 
corisisted of arrays of cylindrical vessels i n  three-dimensional geometry. 
The c r i t i c a l  separation between the  vessel faces was- measured for  cubic 
arrays of 2 ,  3, 4, and 5 on a side with no reflector.  
were taken with various external reflectors.  Data fo r  the bare systems 
have now been reasonably predfcted theoretically.  

Interaction of vessels 
in the vertical. plane (i.e., c i rcular  face t o  circular face)  was accounted 
fo r  by i te ra t ing  of t h i s  system, from which an a x i a l  buckling w a s  
obtained. 
cylinders" was found from new integration limits i n  SOLAN. 

. were made fo r  the effectiveness of the Plexiglas cylinder w a l l s  and m o d i -  
fied one-group theory was used f o r  
Results of the calculations are as follows: 

Units/Side F-F separation G Eigenvalue Albedo Bed.  hff 

A document and program request 

These experiments 

Similar measurements 

Two new methods f o r  
calculating the necessary constants were obtained. 

The average radial interaction between sets of these "epuivalent 
Approximations 

(reasonable i n  this H/U range). 

2 
3 
4 
5 

1.43 cm 
I 6.48 cm 
10.67 an . 

14.40 cm 

.006103 .4247 1.044 

.om696 .4%0 1.012 . OK91 5581 1.028 

.014247 .5278 .985 

Constant flux in the  void approximations for  outside ref lectors  appearsto 
be too  conservative. A new method which solves the ref lector  equations 
in terms of the cylinder fluxes, then solves the eigenvalue m a t r k ,  w i l l  
be sttempted on the reflected c r i t i c a l i t y  data. 

UNCLAsSIFIrn 
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Instrument at ion 

Circuit changes h v e  been made t o  improve the neutron pulser at  the C r i t i -  

f i lm badges, a s ta inless  s t ee l  sphere containing.different levels  of 
water, and an array of plutonium impregnated p l a s t i c  blocks. 

The speed limiting device on the spli t-half  assembly was fabricated and 
tested. It operated sat isfactor i ly .  

The channel one instrumentation at the Cri t ical  Mss Laboratory was improved 
t o  provide an extended range and a more rel iable  signal. 
f i s s ion  counter system was replaced by a Beclrman electrometer with an 
uncampensated ion chamber as a detector. 

’ ca l  Mass Laboratory. The pulser has been used t o  pulse an array of neutron 

The channel one 

Meeting of Industrial  Nuclear Safety Group 

A meeting of the Industrial  Nuclear Safety Group was held in Washiagton, 
D. C., May 7-9, w i t h  the AEC as sponsor. 
attended from HL, cind Kiel and Stevenson fram 0. 

Material f o r  discussion included nuclear safety practices and methods 
of c r i t i c a l i t y  control, together with reviews of recent experiments and 
theoret ical  wcrk performed at the various sites. The recent c r i t i c a l i t y  
incident which occurred i n  the Lawrence Radiation Laboratory on March 26 
e l s o  w a s  described. 

Messrs. Brawn and Clayton 

NEUTRON CROSS SECTION PROGRAM 

Scatteririg-Law Measurements for  Light-Water at Elevated Temperatures 

The measurement of the slaw-neutron ine las t ic  scattering from It;FO at 
95OC w a s  terminated by the beginning of an extended reactor outage. 
measurement series is  now complete except fo r  such further measurements 
as w i l l  be indicated frm the analysis of the  present results. 
ments have been made for  eleven different values of the neutron energy- 
change on scattering which range frcnn 0.0375 t o  0.25 ev. 

The computer programs LEAP and ADDEU! which were obtained frcxn AERE, 
Hamell, have been adapted, debugged, and tested.  
the scattering l a w  f o r  a Gaussian space-time correlation f’unction for  the 
notion of the atoms which i s  derived fram the observed experimental data. 

This 

Measure- 

These programs calculate 
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- Rot at ing- Crystal Spectranet e r  

Development of apparatus t o  measure slow-neutron ine las t ic  scattering 
by time-of-flight was continued. 
operated at  12000 rpm was studied during the  month. 
a l s o  made of the  t i m e  j i t t e r  of several neutron detectors using a delayed- 
co rcidence technique with a &-Be source. d which resul t  from the neutron-producing reaction are  used as the 
zero-time marker for  the origin of the neutron-induced pulse. 

The phase s t a b i l i t y  of two t e s t  rotors 
Measurements were 

The de-excitation 7-rays from 

'Construction continued on the 6144-channel time-of-flight analyzer. 
d i g i t a l  functions of the system were debugged and further tes ted.  
and output electronics fo r  the  memory drum were developed and tested.  
Comglete system checkouts are now i n  progress. 

Fast-Neutron Cross Sectioris 

The data which were obtained i n  April on the t o t a l  cross sections for  
neutrons from 3 t o  1 5  MeV f o r  14 samples were processed by the data-reduc- 
t i o n  program. 
i n  the data-reduction progran, and several methods of unfolding and smooth- 
ing resu l t s  were studied. 
samples of the remaining natural elements. 

The 
Input 

. 
Work continued on methods of removing systematic errors 

(Q 
Work also continued taward the  procurement of 

REACTOR D E V E L O m  - O4 PROSRAM 

. PLlICONIt.ii4 RECYCLE PROGRAM 

Hi& aslire N Lattice Studies (2.2 w/o 4 Pu Containing 20.6 Atom $ 
Pa-240) 

The f o i l  activation and mass of copper poison data from the  measurements 
i n  the  PCTR, on the three c e l l  by three c e l l  array of 19 rod clusters 
on 6-1/2, 8-3/8 and 10-1/2 inch pi tch i n  graphite, i s  being compiled for  
inclusion i n  the Physics Research Quarterly Report. The copper and gold 
f o i l  data fo r  all three l a t t i c e s  has been processed using comyuter program 
APDAC. The plutodurn and uranium f o i l s  used i n  the experiment have been 
internormalized using i r radiat ions i n  the  TlIR. 
f o i l  data may now be processed by APDAC. 

Thus, t he  Pu and U-235 

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

Startup measurements have continued during the  month. Experiments t o  
cal ibrate  the  safety rods by the  rod drop method have been cmpleted. 
Interaction between the rods and dependence of detector posit ion on the 
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measured worth of the rods was found. An absolute value fo r  the  worth of 
the  rods w i l l  have t o  be determined by Further analysis of the data taken. 
The values obtained by preliminary analysis indicate the worth of each of 
t he  three safety rods t o  be 25.6 mk, on the  average, and t he  value of all 
three inserted at one t i ne  t o  be l o 5  mk, with an accuracy of 26. 

The time response of the safety system has been measured. 
safety r d s  and control rods were found t o  be cmpletely inserted i n  the 
reactor b l ess  than 500 milliseconds a f t e r  a high level  scram or a short 
period scram. 

A l l  of the 

Comparisons of the  observed spa t ia l  distributions of the reaction rates 
of a l / v  detector and h-197 in the  PRCF with those calculated with the 
IBM 7@0 code SWAP are in  poor agreement. 
rate is  5$ l c w  at the  reactor axis and the l / v  canparison is  lar, also, by 
approximately 26. These calculations are based on an assumed spectnun 
consisting of a Maxwellian thermal component (neutron temperature equal 
t o  physical temperature) and 1 /~  e p i t h e w  spectrum. 

The calculated Au-197 reaction 

The PRCF has been exposed t o  highly i r radiated RuU. f i e 1  elements placed 
pin the loadout basin near the t ransfer  lock. The neutron flu increases 
' i n  the  PRCF were observed as a function of fue l  element position. These 
experbents are  being analyzed and hardware fo r  the  first irradiated fue l  
experiments is being designed. 

'The initial experimert i n  the program w i l l  be a study of the ( y ,  7 )  reac- 
t i o n  in PRCF due t o  s i rg le  i r radiated fuel rods that are t o  be placed on 
the axis of the PRCF. 
w i t h  complete clcsters.  
between the single rod experiments and cmplete  clusters are t o  be based 
upon experiments recently ccanpleted in PRTR loadout basin. 

These resu l t s  are t o  be extrapolated t o  experiments 
Normalizations due t o  difference i n  exposure 

Canputations wlth ' the SWAP code have been made t o  estimate the  react ivi ty  
changes t o  be expected in measurements i n  the F'RCF of F'uAl. samples which 
have been frrwliated in  the MI'R. Three different  experimental si tuations 
have been conai&zred in  the calculations: i n  the first one the  central  
c e l l  of the reactor contains a ArAl 19-rod cluster  in an aluminum thimble; 
in the second one the fuel  is  replaced by U Q ;  i n  the third one the thimble 
contains only @O. 
only in the region which would normally be occupied by the  center rod of 
the  lg-rod cluster.  
zone loading of the PRCF. 

In each case, the irradiated samples are  positioned 

The r e s t  of the  reactor simulates the  present two 
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Reactor U e t i c s  Ekperiments 

A caparison has been made of the results of the hand method of f i t t i ng  
flux decay data and the machine method (Glex Subroutine) i n  order t o  
determine the relative accuracies of the two methods, both of which use 
two groups of delayed neutrons. 
deviation of results from six sets  of independent readings of a given flux 
decay curve. 
both the hand and machine method. 
the hsnd method is in i t s  time saving feature. 

The comparison w a s  made using the standard 

The stand- deviation was of the same order of magnitude for 
The advantage of the machine method over 

The G l e x  Subroutine which w i l l  be used in  analyses of kinetics experiments 
has been modified t o  accept data as it is read frm a digi ta l  voltmeter. 
When the G l e x  Subroutine is used t o  f i t  flux decay data from the 'ITR, 
paremeters of three out of six groups of delayed neutrons were not discern- 
ible. 
f i t t ing  nethod. successively t o  the data. 
of analysis w i l l  a l l o w  more groups t o  be determined. Also, the analysis 
can be dme with one set of input data whereas Glex requires a series of 
nins with a set of data f o r  each run. 

A program is nm being developed which applies a linear least  squares 
It is  expected that th i s  method 

. Approach-to-Critical Measurements U s i n g  High Ekp osure RAl 

Approach t o  c r i t i ca l  experiments i n  &O similar t o  the ones performed with 
1.8 w/o AiAl fuel rods are planned for  2.0 w/o ArAl with 16s Pu-240 content. 
The raainder  of the 1000 fuel rods which were ordered were delivered a t  
the en2 of the month. C r i t i c a l  approaches with la t t ice  spacings of 0.66, 

' 0.75, 0.80, 0.85, 0.90, and 0.95 inches center t o  center are t o  be made. 
The temglate with a 0.66 inch spacing has been loaded w i t h  850 fuel rods. 
An extrapolation frm this  point indicates appraxhatery 1300 Are1 rods 
vaula be reQuired t o  go c r i t i ca l  a t  t h i s  high fuel-to-moderator ratio. 

Thecretical Scattering Laws for Water 

The current program using m o d i f i e d  Gaussians t o  t reat  the resonant structure 
of water i n  calculating thermal scattering cross sections t rea ts  oaly one 
resonmce a t  a time exactly. 
comparison of results obtained by treating the lower neighboring reson8nce 
exactly with results obtained by treating the higher neighboring resonance 
exactly shows large discrepancies. Consequently, it appears useful t o  
t rea t  at least  two resonances exactly. 
is  cunrplete and coding o f t h e  analysis for the 7090 has started. 

In the  regions between resonances, a detailed 

The analysis of such a treatment 
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Proposed Fast Spectrum I& h meriments  

Hw-77709 

Some exploratory work i s  under way t o  determine the f eas ib i l i t y  of carry- 
ing aut react ivi ty  coefficient measurements of sane & Pu samples i n  a 
suitable f a s t  spectrum c r i t i c a l  f ac i l i t y .  These experiments shuuld help 
t o  resolve the considerable uncertainties which exist in the  high energy 
cross section data  of the higher Pu isotopes. 
needed for  these Weriments are being estimated v i a  a ser ies  of perturba- 
t i o n  calculations. 

The reqpired amounts of h 

plutonium Util ization Studies 

The survey of UO;l, FW&, and PUN as fuels for  small, compact, fast reactors 
has now been extended t o  include3Ov/o tungsten fuel  elements i n  addition 
t o  the 0 and 50 v/o concentrations previously considered, 
configurations a d  nethods of calculations are  the same as reported during 
the previous reporting period. 
underway t o  determine the accuracy of the methods and cross sections used 
i n  t h i s  study. 

The reactor 

Additional check calculations are now 

Phoenix Fuel Studies 
9-  

(1) ARMF-MTB Experiments with plutonium Fuel 

Values of the  se r s i t i v i ty  of the ARMF' t o  f i ss ion  and absorption 
cross sections have been used t o  calculate values of the f i ss ion  
and absorption cross sections fo r  the Arcu samples i r radiated i n  
the HIR. 
capered t o  the ranges used in the sens i t iv i ty  me'asurements. 
resu l t  of the canparison it is concluded that the final se t  of 
sens i t iv i ty  measurements should include a measurement with 26 mg of 
boron. 
c ient ly  so that measurements of the sens i t iv i t ies  should be made 
fo r  changes more nearly l i k e  those encountered i n  the  measurements 
of the irradiated samples. 
=e ccmpleted except for  f o i l  irradiations in a thermal column. 

The range af cross sections which were calculated was 
As a 

Also, changes i n  the sens i t iv i t ies  affect  the  resu l t s  suffi- 

The measurements of the  ARMF spectrum 

( 2 )  Control Efectiveness of l/v Absorbers 

"Blackness Theory" is being used in the investigation of control rod 
effectiveness of various neutron absorbers i n  a series of PU environ- 
ments. The investigations t o  date have concentrated on l/v absorbers 
of variaus strengths, 
called Mark I gemetry (Zr-2/%0 r a t i o  = l, 70 kg h loading i n  500 
lit. core). 

The h environment is characterist ic of the so- 

Ar comFositions have been varied from 5 a/o Pu-240 up 

I -. ' . .  , 
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t o  ,3O a/o Pu-240. Rod effectiveness generally decreases with in- 
creased Pu-240 content. 

Group-dependent rod transmission coefficients have been obtained frm 
numerical averages Over various spectre. 
probabi l i t ies  were averaged aver W i l k i n s  spectra. 
values were obtained fo r  1/E spectra or  from spectra derived by meam 
of the  GAM slowing dam code. Even though departure from 1/E spectra 
is quite pronounced, the difference in rod effectiveness is not too 
great f o r  these two cross section averaging schemes. 

The thermal transmission 
The epithermal T 

Calculations f o r  EIf control rods are presently under way. 

(3) Camparison of At Group Constants 

The GAM and TEMPEST cross section updating reported last month has 
resulted i n  e considerable reac t iv i ty  increase f o r  one of the "Phoenix 
Study" reactors. The comparison w a s  made on a light water, zirconium, WW = 1.0, 70 kg A2 load consisting of 50.02 W/O PU-239, 31.18 W/O 
A2-240, 16.59 w/o Rr-241, and 2.21 w/o Pu-242. The rise i n  hap was 
from 1.1573 t o  1.2164 or 0.0!jg1 Ak. The only cross sections changed 
were f o r  Pu-241 and A2-242; however, the spectrum change result ing 
from the  substi tution of the  new data  produced different  group cross 
sections f o r  t h e  other isotopes as well. 
cross sections fo r  the two cases follows: 

A table of one group burnup 

uf - aa - 
New - Old - NaJ - Old 

a-239 60.76 63.84 37.90 I 39.73 
Pu-240 54.67 52 049 02% 0.56 
Pu-241 58.06 51.02 38.49 40.33 
Rr-242 29 -13 29.40 0.55 0.51 

PRTR Burnup Escp eriment s 

Data from the analyses of physics trial tes t  element 5042 have been re- - ceived. Burnup analyses of t h i s  data are currently being done. Data are 
also presently being received fram the analysis of physics tes t  elements 
5051, 5095, and 50%. Elements 5051, 5095, 5092 have exposures of 13.1 
W, 40.2 MWD, and 71.1 W, respectively. - 

, is being done fo r  
@fuel A t h e m  g fac tor  correlation study, where g = - 
@moa 

the  PRTR configuration using various codes. The purpose of the study' i s  
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t o  establish correct f l w  depression factor, g, t o  be used i n  burnup cal- 
culations. 
monoenergetic resonance flux depression factors using e i ther  narrow or 
wide resonance recipes. 
culations. 

Also included i n  the  study is  the calculation of epithermal 

The l a t t e r  are  being compared with THERMOS cal- 

, :'.\ 
. .. 

Code Development . 

RBU 

A major error i n  the  construction of tables describing the  dis t r ibut ion 
of target  velocity magnitudes has been detected. 
resulted i n  Monte Carlo generated neutron spectra which are i n  excellent 
agreement withtheory. 
absorbing graphite, both inf ini te  media, produced neutron spectra having 
no detectable departure from the Maxwell Boltzmann distribution. 
addition, the resu l t s  of two spherical uranyl-nitrate solution experi- 
ments indicate that the thermalization calculation i n  the  Monte Carlo 
is generating the  gas scattering l a w  properly. 
nuclear data in the RBU Basic Cross Section Library,  the  system predicted 

which contained a s m a l l  amount of boron poison. 
ancy in  the l a t t e r  calculation is  thought t o  be due t o  inaccurate data. 

Plans have been made t o  begin the theory-experiment correlation work with 
,RBU once the modified gas model, which is t o  account fo r  chemical binding 
effects  during thenralization, is rechecked. 

A program fo r  updatilig the  Basic Library  is now ccanplete and following 
adequate documentation, the library i s  t o  be published complete with 
support updating and edit ing programs. 

- 

Correction of the error  

Studies of non-absorbing hydrogen gas and non- 

In 

Using the l a t e s t  uranium 

.an eigenvalue of 0.9999 for  the  f i r s t  experiment 0.9867 fo r  the  second, P <2%? The eigenvalue discrep- 

CAIX 

Changes have been made in the  SIGMA-3H code which allows a simpler input. 
This deck is currently operational. A l l  endpoint searches fo r  CAIX seem 
t o  be working eat isfactor i ly .  A new code, KONTROL, has been writ ten and 
90 percent debugged. 
by generating a new data tape at  specified times during a burnup so that 
the  CALX system can redo the spectrum calculation. Programs TEMPEST and 
GAM, using t h i s  new data tape with current concentrations, then provides 
new average microscopic cross sections a f t e r  which the burnup resumes i n  
program CALX. 

- 

It provides aver-all control f o r  the CALX system c 
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RRG 

RevisioIls i n  the GAM slowing dawn code have been i n  process f o r  sane time. 
Some of these revisions extend and modify the  resonance integral  calcula- 
t ions t o  permit more isotopes than u-238 and Th-232 t o  be included. Other 
revisioas redefine the P-1 scattering cross sections i n  standard form. 
These revisions have now been inccrporated but have not yet been evaluated. 
Becacse these changes give resu l t s  differing f r a t h e  unrevised GAM code, 
which is  being used by several groups a t  HAPO, and because the cross section 
&ta fo r  the revised code are being obtained from the RBU Basic Library 
and w i l l  be inccerpatible i n  form w i t h  the  data f o r  the  unrevised code, it 
seems advisable t o  reduce confusion by renaming the revised version. The 
prqosed  >me is IIRG, fo r  - Hanford - Revised - GAM. 

Tne last major change i n  BARNS-H, the code t o  prepare the 68-group cross 
section data f o r  HRG from the RBU Basic Library, has now been coded. This 
change Srovides the  base cross sections f o r  the resonance region for those 
isotozes which w i l l  have resonance integral  calculations done in HRG. This 
charge hss r?ot been debugged and an elusive bug i n  the BARNS-H calculations 
i n  the resonance re8ion has not been found. 

- 

@ ALTEAEA-MELEAGER 

A sxbstantial improvement has been made i n  the usefulness of the ALTHAEA- 
MELEAGER one-dimensimal (diff is ion)  burnup code, i n  that the thermal reac- 
t i cns  and the  epi themal  reactions can nuw be conveniently "zeroed" a t  
the begiming of the analysis t o  agree w i t h  codes t rea t ing  the energy 
spectrum in greater de t a i l  than Westcott methods allm. GAM-I and SPECTRE 
have been chained or linked together t o  provide the reference fo r  the epi- 
thermal reactions and the thermal group may be compared w i t h  P-3 or S 
codes. 

: 

M U  Crcss Section Updating 

A docunent, ent i t led,  "Updated RBU Basic Library," HW-75716, has been 
prepared and w i l l  be dist r ibuted upon completion of printing. 

The document, "Westcott Parameters Derived fromthe RBU Basic Librsry f o r  
a &4 Cutoff," HW-77389, has been completed and distributed. 

Mass Spectrometry 

Isotopic analyses i n  support of plutonium Recycle Program studies were 
continced. Analyses were provided for 13 macrodrill samples from fue l  
elmiellt 30. 5051, 4 macrodrill samples from fuel element No. 5095, and 
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6 burnup samples and 3 macrodrill samples from fuel  element No. 5092. 
Infonnal reports were issued which contained the  sununasy of results of 
isotopic analyses tha t  are complete fo r  individual PRTR fue l  elements, 
No. 5O42 ( ~ ~ - 7 7 6 5 2 ) ,  No. 5075 (~~-7'7653)~ and No. 5095 - I3urnup Samples 
( w-776 51 ) 

Instrumentation and Systems Studies 

A number of multiplier phototubes were ordered frm various mamf'acturers 
f o r  tes t ing  in the  PRTR h e 1  Element Rupture Monitor system. 
be tested for  s t a b i l i t y  characterist ics in an ef for t  t o  replace the 
presently used phototubes. 

These w i l l  

"he mechanical design of the collimator of the PRTR Underwater Gemma 
Scanner for  fue l  r d  measurments was completed and is  being reviewed for  

completed fo r  system l i n e  f i l t e r s  and isolat ion transformers. 
'appraval. Scint i l la t ion detector bids were reviewed and requisit ions were 

The m o d i f i e d  prototype for  the  PRTFt Liquid Effluent Monitor f o r  gamma 
emitters was completed and i s  essentially ready fo r  calibration. 
order w a s  placed fpr fabrication of three f i n a l  model instruments which 
are t o  be d i rec t  copies of the modified prototype. 
be used a t  PRTR and the  prototype w i l l  be used as a reference spare. 

A work 

The three units w i l l  

B i d  reviews were carried out regarding instrumentation f o r  use i.n FRPP. 

h s i s t a n c e  w a s  given t o  PRTR personnel on the  instrument requirements f o r  
a tes t ing  device which w i l l  be used t o  cycle t e s t  a salt-bridge resistance 
temperature detector i n  the  100-K reactor. 

z 

HIGH TEMPERATURE REACTOR LATllICE PHYSICS PROGRAM 

"he preliminary proposal for  the HTLTR project (aW-76408), which includes 
the preliminary design c r i te r ia ,  has been approved by the AM: Richland 
Office. 
writ ten wherever necessary. The c r i t e r i a  are at present under appraval 
examination. Althoughthere were many changes made ,  the  main features of 
the reactor end f ac i l i t y ,  as outlined in the  April Monthly Report, have 
not been altered. 

The design c r i t e r i a  (HW-76928) have been reexamined, and re- 

The nature of t he  reactor requires that some developmental work be done 
during the design period. 
ing elements, the  control and safety rods, and thermocouples for  use up 
t o  PjOOOC. 
18" x 18'' x l20", surrounded by thermal insulation and a gas tight contain- 

This work includes t e s t s  of t he  e lec t r ica l  heat- 
' 

The construction of a mockup of a portion of the H!l'LTR graphite, 
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meat sheath is proposed. Into t h i s  structure prototype heaters, control 
and safety rds  and thermocouples can be inserted. 
two main Ijurposes; ( a )  t o  pravide high temperature t e s t  and operational 
irZonnation about components of the HTLTR, and (b )  t o  provide similar 
ir,formation about experimental equipment which is  t o  be put in to  the reactor 
at any time during the period of i t s  use. The proposed mockup structure i s  
thus b t e : d e d  f o r  use over a long period of time. The l imitations t o  be 
placed oa the  s ize  of the structure and the  extent of the work are under 
dis cuss ion. 

The mockup would serve 

5 

A descriptive formal report on the HTLTR i s  in preparation. It i s  intended 
fo r  the use of the AEZ i n  acquainting potential  users of the  EXTR with the  
charazterietics of the reactor and the experimental equipment associated 
w i t h  it. 

IVIRmON FLUX MONITORS 

The Reutron spectral  p a r a e t e r s  r and T have been experimentally evaluated 

the regenerating detectors. 
t i v e  radioactivity of bare and cadmiun-covered cobalt samples. 
backgrcmd ef fec ts  and possible errors due t o  instnrment non-linearity, the 
cobalt plated aluminum f o i l s  were dissolved and diluted t o  a smlar specific 
act ivi ty .  
md l h i t e d  the accuracy of the determination of r; however, the resul ts  
were acceptable. The integrated neLtron exposure was determined by measur- 
iw the isotopic conpositicn of a uraniun sample. The neutron temperature 

w a s  measred t o  an estimated 5OC, which i s  well within the reqyirements of 
the regaierating experiment. 
through classif ied channels. 

- i n  the water-ccoled KEtest  f a c i l i t y  which i s  t o  be used f o r  i r radiat ing 
The value of r was deternined frcun the rela- 

To eliminate 

-@ 
The spread i n  the f ive data points was greater than anticipated 

- was based 01: the  change i n  isotopic capos i t i on  of a plutonium sample and 

The resul ts  of t h i s  experiment w i l l  be reported 

Based o a t h e  experhental  v&es of spectral  parameters r and T, a cmputa- 
t i o n  was made t o  d e t e d n e  the  opt ima i n i t i a l  composition of regenerating 
platonium detectors fo r  i r radiat ion in the  water-cooled t e s t  f ac i l i t y .  
Chemical Analysis, HL, was furnished with the  necessary materisls for  mix- 
irg anZ encapsulating experimental detectors t o  these specifications. 
adtiition, uranium samples w i l l  be encapsulated fo r  integrated flux monitors. 
A l l  of the material for  the planned i r radiat ion of the regenerating detectors 
has been fabricated. When encapsulated, the samples w i l l  be sealed i n  alumi- 
num containers and made ready f o r  reactor charging. 

In 

Camponcnts were received for the on-site fabrication of experimental in- 
core neutron detectors using Mron-11 as the  sensing element. Off-site 
fabrication of three similar prototype units is  meeting with d i f f icu l ty  

I 1 0 3 5 2 0  
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because of the 
with amorphous 

manufacturer‘s inabi l i ty  t o  achieve proper packing density 
boron. Although t h i s  d i f f icu l ty  would be expected t o  reduce 

sensit ivity,  such chambers sh&d be adequate fo r  demonstrating the tech- 
nique. 

Work proceeded on the microwave method of measuring in-core neutron flux. 
Additional equipment was crdered. Four gas tubes fo r  ion plasma t e s t s  were 
fabricated and several q e r i m e n t s  conducted. In addition, several experi- 
ments were made using different interferometer configurations, and two low 
noise preamplifiers were designed and fabricated f o r  detecting the small 
signals from the crystals.  For gas tubes, 0.8 db attenuation of micro- 
wave energy has been measured’at ion densit ies of 1017 ions/cm-3, which 
corresponds t o  a tube current of 12 milliamperes. 

NONDESTRUCTIVE TESTING RESEARCH 

Electromagn e t i c  Testinq 

The a b i l i t y  of the mdtiparameter eddy current nondestructive tes t ing 
device t o  separate four t e s t  specimen parameters was demonstrated. 
performance of m-gddy current tubing t e s t e r  w a s  improved by making 
mdif icat ions i n  the t e s t  co i l  a-c bridge c i rcu i t .  
type graphical n u l l i r -  mit has been finalized and working drawings fo r  
its fabrication have been prepared. 

The 

The design of a polar 

Evaluation t e s t s  showed that the multiparameter eddy current t e s t e r  was 
able t o  separate four pwameters. 
canposed of s ta inless  s tee l  on brass with s t e e l  below m e  brass. The four 
parameters involved were probe spacing, s ta inless  thickness, brass thick- 

The t e s t  involved a three-layered sample 

ness, and 
f ollaring 

steel thickness. 
ranges: 

Sqara t ion  of parameters was good Over the 

Probe spacing 
Stainless thickness 
Brass thickness 
Steel thickness 

0.0035 t o  0.0115 inch 
0.001 t o  0.006 inch 
0.004 t o  0.006 inch 
0.002 t o  0.006 inch 

In general, the  work and time involved i n  se t t ing  up a four parameter 
system is nearly an order of magnitude greater than tha t  involved in  set- 
t i n g  up a three parameter system. 

The possibi l i ty  of cbtaining three parameter separation with a single 
t e s t  frequency i s  being evaluated. 
plug-in amplifiers were constructed and tested.  
t e s t e r  a simple t e s t  was run with on ly the  three 22 kc channels i n  use. 

For th i s  purpose two additional 22 kc 
With these units i n  the 

UNCLASSIFIED 
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c Pre lMnary  tests indicate there i s  a poss ib i l i ty  of separating three 
parameters. However, since t h i s  contradicts some of the basic theory, 
mcre evaluation i s  required. 
ljcameters, occurring one at a time, can be ident i f ied using a single 
frequency system. 
t o  separate parameters occurring' sirmiltanearsly. 
relationships i n  t h i s  area involving modulation and information theory 
which are being stufied. 

It is  hown that under some conditions maay 

However, t h i s  type of t e s t  i s  limited in i ts  a b i l i t y  
There are some subtle 

h r i r i i  the evaluation of a single freqpency eddy current t e s t  for  inspec- 
t i o n  of Zircaloy tubing, it was observed that e l ec t r i ca l  "noise" signals 
occurred with cer ta in  samples which could not be discriminated against 
using the cannon phase discrimination techniqye. 
traced t o  a di f fe ren t ia l  sensing co i l  unbalance, even though the a-c 
bridge i n  which the coi ls  were connected was adjusted t o  give an m e r - a l l  
bridge balance. 
including an additional bridge balance adjustment performance of the t e s t e r  
WIS improved. 
inch w a l l  of a 0.$5 diameter Zircaloy-2 tube gives a signal well above the  
noise level.  

This d i f f i cu l ty  was 

It was found that by rearranging the bridge c i rcu i t  and 

With these changes a No. 80 dril l  hole thraugh the  . O X  

A desi- of a polar type graphical nulling device for use i n  eddy current 
t e s t e r s  has been establisherl and working drawings were prepared for  cons- 
t ruc t ion  of the Cevice. 
3 a l a c e  adjustnients i n  a multiparameter eddy current t e s t e r  where several 
b a l m c i n g  c i r cu i t s  are  rewired.  

" y  1 -e 
It is planned t o  use devices of t h i s  kind for  a-c 

- Heat Transfer Test i r4  

Ccrstant, unifcrm heat inpct t o  the sample is desirable during heat trans- 
f e r  t e s t s .  
from the experimental plasma arc heat source show tha t  changes in the  heat 
Input t o  the  sanple are accompanied by variations i n  current supplied t o  
the plasms generating head, while the gas f low,  gas pressure, and voltage 
remain const.ant. - 

Tests made t o  determine causes of variations i n  heat input 

Connection of telephone l i nes  between the  314 Building heat t ransfer  t e s t -  
ing instrument and the  3707-C Building analog computer f a c i l i t y  is complete. 
These l ines  w i l l  allow the tape delay unit  i n  the  cmputer t o  be used dur- 
ing continuom comgutation required for  emissivity canpensation. 
made t o  determine noise pickup ad attenuation i n  the lines, indicated t h a t  
2 kc signals c a d  be transmitted t.hrough them at a leve l  of one vol t  with 
a si&-to-noise r a t i o  of a t  l ea s t  100. No appreciable attenuation occur- 
red. 

Tests, 

I 1 0 3 5 2 2  
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zircalay-2 €Qdr ide Detection 

May current measurements on butt-welded N Reactor process tube samples 
showed that e l ec t r i ca l  r e s i s t i v i ty  decreased in  the weld zone by about 
t he  same amount tha t  2000 ppn hydride would increase the res i s t iv i ty .  
N Reactor process tubes are canzosed of 10 t o  20 foot long sections but 
welded together. 

A temperature compensated eddy cmrent probe i s  being developed. 
possible concepts'are being explored. 
has a low thermal coefficient of expansion, is  presently being evaluated 
for  t h i s  application. 
undergo a smaller change in inductance than copper co i l s  during equivalent 
temperature changes. 

Two frequencies a re  being considered for  the eddy current hydride t e s t .  
455 kc has been applied t o  date, and has been found sa-tisfactory fo r  de- 
tec t ing  defective surface areas. 
quencies as low as 40 kc can be used on 0.25 inch thick Zircaloy t o  
obtain deeper eddy current penetration, without the t e s t  being excessively 
sensit ive t o  changes i n  tube w a l l  thickness. 

Several 
Silver plated Nilvar w i r e ,  which 

Probe co i l s  made frm this wire are expected t o  

Hcwever, t e s t s  have shown that fre- 

T 

Scanning requireztents of in-reactor inspection of process tubes may require 
a slip-ring connection betwee2 the  probe co i l  and lead-in wires. 
ments i n  ths  laboratory indicate that a s l i p  ring, contributing .001 ohm 
frariations t o  the ser ies  resistance of a 100 micro-henry, 19 ohm probe 
coil ,  could be used a t  450 kc without seriously degrading the  signal. 

Measure- 

Incipient Failxre Detection 

Microcracks i n  m e t a l s  can propagate slowly under conditions of creep or 
reversing loads. When they reach a c r i t i c a l  size,  however, they become 
unstable and propagate rapidly t o  cause fa i lure  of a metal component a t  
a mch  lower s t r e s s  than w o u l d  be required t o  produce f a i lu re  by p las t ic  
deformation alone. 

Formation of microcracks can i n i t i a t e  at sites of massive dislocation 
pile-ups. 
held there by interaction with other dislocations u n t i l  a fissure is formed. 
Microcracks can a l so  be in i t ia ted  due t o  impurities and fabrication flaws 
which ac t  as s t r e s s  r i se rs .  

Dislocation arriving a t  such a pile-up region are tenaciously 

@- 

Techniques capable of providing an indication of impending fa i lure  during 
the init ial  stages of dislocation pile-up or microcrack formation would be 
of value i n  preventing in-service fai lure .  A research program oriented 

_ _  
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toward th i s  QbJective bas been organized. 
t o  Eonitor with eddy a r r e n t  and ultrasonic sensors caxbon s teel  samples 
as they are mechanically stressed t o  fatigue. 

Initial plans have been made 

f idanental  Ultrasonic Studies 

W e r h e n t a l  measuraents on the kerosezre-gylcerbboundary are partially 
complete. 
directism wSre masued. In addition, reflection coefficients and phase 
velocities were measured Over a range of incident angles. 
mental data were in close agreement with the predicted values and boundary 
waves were observed a t  incident angles exceeding the c r i t i ca l  angle. 
ary wa-fe p b s e  velccities were shown as predicted t o  decrease as the inci- 
sent =@.e was increase& frm the c r i t i ca l  angle t o  ninety degrees. An 
eziergr escchacge phmcpie~ols,, mt explained by the original analysis, was 
cbserred &uring rnessueaerits cf boundary wave phase velocities. 

Wave arnplitule tiistribctions i n  and normal t o  the propagation 

All experi- 

Bound- 

Tze DjrESrbeats were condwted at an ultrasound frequency of 10 Mc using 
the bean? fran a one inch iiiameter litMum sulphate transducer incident on 
a kerosene-glyceriae bo-dary,  kerosene being the incident liqyid. 
malybic model assunred that the incident waves would be plane and infinite . 
ir, bsth t a e  a?, space. To experbentally apyraximate inf ini te  time, narrow 
freg.xacy-b& giclses of sbcut s e v a  microseconds duration were used. 
neLr fie12 of tke m e  b c h  dimeter transducer was used t o  approxhate plane 
vavts L-Zizize ii= spsce. 
v d i %  %'as indicated by g0.4. agreement between predicted and measured results. 
Tse mpmenlial  amplitcde d is t r ibu t ions  in, and normal t o ,  the propagation 
Cirectims c.f refracted waves were measured a t  several refraction angles 
w'cich bmomtrated th&t inhcmogeneaus waves were generated as a result of 
at t esLlat i9n . 

The 

G$ The 

The rlegree with which these appraximations were 

Tne bmdasy waves forme9 a t  the keroseoe-glycerine interface were detected 
et several angles above the c r i t i ca l  angle and their  measured phase veloci- 
t i e s  were i n  excellent agreement with predicted values. The phase veloci- 
t y  change frcac a value epual t o  the compressional velocity i n  glycerine, 
t o  a -ralue equal t o  the velocity in kerosene for  incident angles exceeding 
the c r i t i ca l  angle,was clearly demwtrated. 
mte& Suring bautzdary wsNe phase velocity measurements. As the wave samp- 
liog pmbe wals traversed parallel  t o  the interface the amplitude of the 
bmnkry wave w a s  obsemed t o  pass thrw p e r i d i c  maxima and minims. 
effect was not p r a c t e d  in the original analysis and is  believed t o  be 
associeted with the excharge of energy across the interface. 
mechanism i s  being studied. 

An interesting behavior w a s  

This 

The exchange 

. . .  
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Theoretical work coatime2 on Lamb waves i n  a hollow cyclinder, with a view 
t o  finding a satisfactcry ca lcu la t im procedure fo r  the frequency equation. 
As mentioned last mozth, the Bessel fhncticns involved are of higher order 
than those for  which Fu5lisked tables  exist. 
mation were t r ied ,  and oEe was found that gives an answer that is apparently 
usable, although oaly nmerical  calculations w i l l  show how accurate it 
I s .  To obtain t h i s  it. was necessary t o  expand the  product of two Bessel 
functions i n  a pmer ser ies  in the  reciprocal of the order and evaluate 
three terns  (when sLbstituted i n  the frequency eqyt ion,  the  first two 
terms cancelled). 
be found. 

Several methods of approxi- 

TG determine the accuracy, at leas t  one more term must 

U S A E C - E L  coomAT1YE PROSRAM 

Nondestructive Test.iv4 ~f Sheath TubinP 

Special emphasis is  't?eir,g given the develcpment of optbum transducer 
arrangemerits fclr purposes of inspecting thin-walled tubing. Most favor- 
able resu l t s  have been & t a i r d  t o  date with spherically focused lithium 
sulphate transcucers measiring 3/16 inch in diameter. Plans have been made ' 

t o  evaluate these traris2ucers more fully i n  a complete prototype t e s t  sta- 
t i m  now under fabr imtian.  

It i s  now clear ly  ss ta -s l i shd  that t e s t  data suitable for  comparison 
between separate t e s t  s ta t io= cannot be obtained unless t r a d u c e r s  of 
similar operating charmter i s t ics  a r e  aiployed.. A means of assuring 
uniform transducer per fomace  i s  therefore essential .  Amethod under 
development which appears t o  provide this assurance meFsures the radiated 
beam f i e l d  st-rength by moriitoring the ultrasonic pulse amplitude reflected 
from a 30 mil Clismeter hall as the  b a l l  i s  moved through the  center of the  
f i e l d  i n  two perpendicular directions. A t h i r d  measurement determines the 
center frequency, bad-wikth and damping factor  ( a )  of the  crystal .  
experimental arranguneat employed establishes these parameters on an 
oscilloscope tracing which may be photographed t o  provide a permanent 
record of the transdwer characterist ics.  These procedures have been 
camrmunicated t o  a prominelit transiucer vendor who bas agreed t o  apply 
these t e s t s  pr ior  t o  shippiag transducers t o  HAPO. 

Although the  3/16 inch diameter crystal  detects 1/20 inch w a l l  thiclmess 
defects very well, it presents other problems in that signals from the 
tube surface comparable i n  emplitude t o  bonafide defect signals are a l so  
present intermittently. Since the  tube w a l l  is  thin, the defect and sur- 
face signals appear very close together i n t ime .  
gate I s  positioned with respect t o  the  t r a n s m i t  pulse, small changes i n  
crystal  t o  tube spacirg wculd xcas i cmdly  place the gate over these sur- 

The 

If the electronic defect 
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face si@s and wadd, consequently, be interpreted as defect signals. 
If a comt.a.nt aniplitude surface signal were available, however, one gate 
could be used t o  posi t ioa a second gate precisely behind the surface signal, 
tks oktalnbg a gate which wozld follow the tube surface and accurately 
select g G t  only the defect signals. This constant surface signal could be 
obtaized In t w c  wsys: 
surface echo -ip t o  a usable mi- level, or (2) by redirecting a portion 
of the ultrasonic beam t o  strike the tube surface; thereby gaining a high 
amplitude cas t an t  suface  signal. 

The high gain amplifier would require more ccaaplex circuitry in the tester, 
while redirecting the beam would offer no additional circuit  complication. 
Conseweztly, a nclvelmethcd of redirecting the ultrasonic beam has been 
Ee-feloped. 
c r y s t a l  legving the 3/16 inch d i a t e r  inner portion focused and the outer 
lerzs fist. 
imer  foxsed  inspection bean and an outer ring shaped surface echo beam. 
The surface echo remains constant i n  amplitude and precedes the inspection 
besm idcrmtitim. 
i ts  focal pcint. 
are s t i l l  essily aetected as with the 3/16 inch diameter crystal .  

(1) by high gain amplifiers t o  bring the varying 

An crater lens was machir,ed into a 1/4 inch diameter focused 

This produced a bull's-eye type of ultrasonic beam w i t h  an 

The inspection bean is focused t o  9 mils diameter a t  
Notch defects darn to 1/20 inch of the w a l l  thickness 

' A prctotype tes te r  which w i l l  u t i l ize  the constant surface signal from 
the SL111's-eye beam is be- designed. 
czits  hare beeI; fabricate& and all U t i o n a J .  c i r c u i t  components have been 
recei-red oil s i t e .  
a d  analog recoder  outpiits. 
is also being set  up. Both good and reject tubing w i l l  then be tested. 
The fe5.t; infcmstior:wfil be rec0rde.l i n  analog form for easy reference 
13. evaluat ix  eqzipme32t 'performance. 

The basic timing and pulser cir- 

ThLs i n s t m e a t  w i l l  be versatile with both red light 
A prototype mechanical tube scanning system 

- 

BIOLOGY AND MEDICLXE - 06 PROC-RAM 

A3mcspberi.c Wsics 

k a l y s i s  of atmospheric 6ispersion data collected over the past three 
yews contkxed. 
of the la teral  growth of the plume, using the product of the standard 
deviaticn cf the w i n d  azbxth  variatiozis and the mean wind speed, with 
the Richadaon Nmber, peak scposures were calculated as a i b c t i o n  O f  
distance frcen the source. As a check cn the accuracy of predictions, ten 
Henford q e r i n e n t s  which were not adeqpately contained within the sampling 
grid f o r  use i n  develcpient of the prediction model, were used as an 
Fndpezlent ssmple t o  t e s t  the model. 
the grea$er of predicted or obselved exposure divided by the lesser (a  

C o m b i n i n g  the earlier results,which permitted prediction 

U s i n g  a "miss-factor'' defined by 
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number always greater than l.O), a range of values of 1.0 t o  4.0 was found 
with an average l e s s  than 2.0 over the  distance range of 200 meters t o  
3200 meters. A similar calculation for  the plume width yields a miss- 
factor rarely exceeding 1.25. 

Development of an atmospheric dispersion prediction scheme whith permits 
more r e a l i s t i c  accaur-ting fo r  the period of release of contaminaats by 
supelposition of incremer;tal releases w i l l  permit improved appraisals of 
the consequences of reactcr accidents. Relationships between W o r d  
ground source diffusion data have been evolved, making it possible t o  
estimate cloud growth and exposure solely from w i n d  and tempereture data 
during the release period, 
t o  be a ser ies  of incremental releases, the GaUSSiEII  crosswind distribu- 
t ion  assumption can be employed t o  yield a resultant dis t r ibut ion that 
comgares well with those observed in experiments. Independent verifica- 
t i o n  of the method has been obtained for  10 experiments where the release 
t i ne  was as long as 3-l/4 hmrs and the resultant distributions were multi- 
m o d a l .  

By further considering the duration of release 

Eive f i e l d  tests were ccndwted during the  month. 
*during unstable meteorological c a d i t i o n s  with the source height at 61 
meters t o  simulate a stack discharge. Three t e s t s  were conducted using 
a 6.7-meter stack height during s table  conditions with sampling on both 
the  horizontal and ver t ica l  grids t o  a distance of 3200 meters. 

Two of these were run 

In our precipitation scavenging work, comparison of the s izes  of zinc 
sulf ide par t ic les  found in raindrop autographs t o  the s izes  found on a i r  
filters for  three experiments showed consistently t h a t  large par t ic les  
are scavenged most eff ic ient ly .  
sampling must s t i l l  be applied, however. 

Correctiors fo r  anisokinetic errors i n  

Dosimetry 

Samples have been received fracn all three of the  h b l i c  Health Service 
hospitals i n  Alsska that are cooperating i n  our survey-by-urinalysis 
program. 
Tanana, and 37 from Bethel. 
Yukon is about 120 nc of Cs-137. 
people f a l l  i n  a range with ari average of 25 t o  50 nc. 
ever, f ive  subjects were up i n  the  200-300 nc range. 
from Nunivak Island and l ist  reindeer and f i s h  as t h e i r  principal foods. 
In general, those from Fort; Yukon l i s t  moose as t h e i r  principal food; 
those from Tan- and Bethel l i s t  moose or f i s h  o r  both. 

Data are on hand for  19 subjects from Fort Yukon, 28 fram 
The average body burden indicated fo r  Fort 

A t  Bethel, how- 
Two of these were 

A t  Tanana and Bethel the  bulk of the 
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Preparation Continued fo r  this summer's whole body counting study in  
Alaska. 

A measurement of the sensitivity of the shadow shield whole body counter 
for  Cs-137 was made with our new plastic phantm. 
f o r  pctassium where good agreement was found, the result fo r  Cs-137 w a s  
20$ different from that found i n  our other work. 
the fault  of the phantom in  not giving a good sirnulation of the human b-. 

Study of the detection of beta rays emitted f r m  the surface of the body 
continued. A new counter was calibrated on OUT cooperating P-32 patient 
following his most recent injection. 
counter continues . 

Contrary t o  the results 
.- 

We feel  that this is  

Work t o  lower the background of the 

Assistance w a s  given RPO i n  preparation of their  truck-mounted shadow shield 
whole b a v  counter. 
ll-1/2 x 4 irich scinti l lator i n  the shadar shield turned out t o  be about 
as expected, namely the sensitivity for whole body counting is about the 

- same as that of a 9-3/8 x 4 inch crystal i n  the iron room. Resolution of 
the large crystal was feud t o  be poor a t  first operation. This was traced 

. t o  an inoperative photcnarltiplier tube. When this was repaired the resolu- 
t ion was found t o  be as good as that of the smaller crystals. RPO C a l i -  
brated their  counter f o r  potassium and a p a r t i a l  check w a s  made of our 
sMar shield; it agreed w i t h  our previous results. We calibrated RPO's 
SMCW shield and a neii two-crystal assembly f o r  the regular whole body 
counter and our shadou shield for cesium; for  our counter the results were 
within a few percent of the value that we have been using. 

Kore supplies were received for assembly of a large scinti l lat ion counter 
f o r  X-rays. 

The background and the counting efficiency of the 

?2.> -0 

The positive ion Van de G r a a f f  operated satisfactorily during the month 
except that it was necessary t o  l i m i t  beam energies t o  1.8 Mev or less  t o  
prevent breakdown. 

The possibility that a temperature effect had caused the shift in calibra- 
tion of the precision long counter that is being used f o r  inter-laboratory 
calibration was investigated. 
very slight temperature coefficient was observed. 
explain the shift, 

In a temperature range of ten degrees a 
It was not enough t o  

Measurements were completed of  the energy sensitivity t o  neutrons and t o  
photons of our large tissue-equivalent ionization chambers. 

.. . 
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Inst m e n t  a t  ion 

Each of the three i r d i v i d w  sensors which together camprise a c a p o s i t e  
t e s t  probe f o r  the detection of neutrons with energies ranging f r m t h e r m s l  
t o  fast have been used.to measure flu levels  i n  laboratory experiments. 
Some d i f f i cu l t i e s  were encmntered in obtaining a urdform, adherent coating 
on one detector. 
f i s s ion  detector l ed  t o  the use of Np-237 plated as a sulfide.  
made t o  t e s t  th i s  detector with the positive ion Van de G r a a f f .  

Two experimental rechargeable pocket gamma dose meters were fabricated with 
the sensor located i n  a p las t ic  half cylinder which was positioned on one 
face of the dose meter box. Anewly printed c i rcu i t  board layout was a l s o  
prepared. Proper mol&ix of a 0.125 inch diameter conducting Teflon rod 
fo r  use i n  the sensors was achieved. 
recycle operations before st icking occurred between the recharging f iber  
and the rod. Tests were carried out by Radiation Protection, HL, on one 
of the two new prototypes. 
worst case angular aependence being about a twenty percent drop i n  sensi- 
t i v i t y ,  which i s  consi&ered t o  be well within acceptable limits. 
.reasons not yet understood, however, the unit proved t o  be sensit ive t o  
mechanical, shock. This problem w a s  not apparent i n  ear l ie r  model instru- 
nents. 

Difficult ies i n  coating U-238 i n  place of Am-241 on the 
Plans were 

The molded rod provided 1.2 x 106 

Most t e s t s  seemed t o  be acceptable with the 

For 

It i s  suspected that center rod flexure i s  causing the diff icul ty .  

Circuit development wcrk was carried out on the HAP0 Radiotelemetry System 
with emphasis on praviding a new line-operated data station. 
‘regulated puwer sapply was completed. In addition, a voltage controlled 
osci l la tor ,  which incorporates a novel count r a t e  c i rcyi t ,  was developed 
and tested.  

The d i f fe ren t ia l  

The new 

Fcr an iaput voltage of 0-5 VDC, the  autput frequency extends 
from 300 cps t o  3.3 kcs. 

from -25OF t o  75OF. The discriminator characteris- 

current required i s  0.2 microemperes. 
low by 1% at 300 cps and is f 2.5% 

t i c s  of the commercial receiver incorporated i n  the  data s ta t ion  were 
investigated and found t o  be unacceptable. New audio amplifiers were 
then designed t o  drive the  handset and Vibrasponders with the Vibrasponder 
amplifiers haying frecpency response roll-off above 300 cps t o  reduce 
f a l se  call-ins due t o  noise. A new squelch amplifier was designed, and 
a new time delay c i rcu i t  was designed t o  eliminate the high current re- 
quired for  the  o r i g i r a  thenaal time delay unit. 
rewiring w a s  a l s o  completed. 

All t e s t  work w a s  completed on the  100 r high l eve l  emergency type pocket 
indicating and signaling dose meters. 
prepared. 

Considerable chassis 

A rough draft  formal report was 

I 1 0 3 5 2 9  
.- 

. I  

UNCLASSIFIED 



UNCLASSIFIED Hw-77709 

An ixqrovea method of obtaining accurate and re l iab le  d i f fe ren t ia l  a l a r m  
t r ip  signals fran two solid s t a t e  count r a t e  meters was developed and 
tes ted.  The c i rcu i t  modifications were instal led i n  the experimental 
beta-gamma hand and shoe cOunter which eaploys gamma background compensa- 
t ion.  Tests proved t o  be satisfactory.  

Test chassis fabrication was nearly completed fo r  an experimental logarith- 
mic response area radiation monitor which uses a sc in t i l l a t i on  detector, 
vibrating capacitor, and sol id  s t a t e  c i rcui t ry .  

The new l igh t  t r ap  design fo r  the  Atmospheric B y s i c s  experimental, in- 
f ie ld ,  real-time phosphorescent par t ic le  detection instruments was tes ted 
i n  comparison with the original type. Tests with varying airborne concentra- 
t ions  of zinc sulfide showed the advantage, in increased sensi t ivi ty ,  of 
t he  new design with a 15 CFM air f l a w  versus the  4 CF'M of the original. 
The o r i g i r d  prototype was used i n  a novel experiment t o  demonstrate how 
radioactive par t ic les  can be dispersed during a f i r e .  Zinc sulfide was 

.( placed on zirconium turnings enclosed i n  a room and the zirconium was ig- 
nited. The zinc sulfit2e carried a lof t  was detected. Fire extinguishing 
foam was t.hen applied t o  stop the f i r e ,  which a l s o  prevented fur ther  re- 
lease of zinc slfifide. 
cence proserties of the zinc sulfide. 

Rel iabi l i ty  a d  general performance t e s t s  were carried aut on the experi- 
mental r a i o a c t i v e  l iquid sample changer for  use with large sc in t i l l a t i on  
well crystals.  

The f i r e  did not appear t o  affect  the  phosphores- 
a++< -0 

A number of mechanic& modifications were made. 

- Wind speed arid direction are  being recorded from eight levels  on the  400 
From these data, one hour aver- 

These h m l y  
foot Meteorology Tower i n  the 200-W Area. 
ages are  estimated fo r  naintaining climatological recqrds. 
e s t d t e s  are punched on IBM cards for  l a t e r  programing on the  IBM 7090. 
It i s  desired tha t  these aata  be more accurately processed i n  a form which 
c m  be programmed on the LBM 7090. A secondary requirement is  t o  obtain 
data f o r  calculating the diffisive capacity of the  atmosphere. 
case the data required are f ive  t o  t e n  second rms deviations of the  rec t i -  
l inear  cmponents of wind velocity from a f ive  t o  twenty minute mean 
velocity vector. 

In  t h i s  

The resu l t s  of an malog solution for atmospheric diffusion have shown tha t  
the accuracy with the  mmJ.og niethod is not within acceptable limits. The 
inaccuracy resu l t s  from the  method f o r  determining the  deviations of the 
mean, which incorporates an exponentially w eighted time averaging device. 
To obtain the  correct resu l t s  a delay of one-half the long  period averaging 
time ( f ive  t o  tweaty minutes) would have t o  be incorporated i n  the system. 
Two delay units per power level  would be required. 

- 

Due t o  the  number of 
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delays, and cost per delay unit fo r  the long  delays, the analog system does 
not appear feasible 

The required data can be acquired by using a d ig i t a l  computer but the cost 
of a cmplete d ig i t a l  system with sufficient memory makes this system 
unfavorable. 
IBM 7090 was considered. 
rate, this methoti proved t o  be inadequate. 
c i rcu i t s  with a d ig i t a l  readout was also considered. This method seems t o  
be the most pract ical  way fo r  obtaining the  required data. Wind speed and 
direction from the eight levels of the t m e r  could be punched out on paper 
tape. 
w i l l  resul t  i n  a sampling ra te  of about 0.75 samples per second input fo r  
t he  16 inputs. 
with a time constant of 1 5  minutes. 
approximately the sanie s t a t i s t i c s  as a 30 minute average sample period 
would. 
data f o r  the climatological records. In  addition, the system could be 
used t o  record instantmeaus values of wind speed and direction; then, at 
a later time, these data could be programmed on the IBM 7090 t o  calculate 
fhe  d i f f i s ive  capacity of the atmosphere. 

The use of a data phone with phone l ines  d i rec t ly  t o  the 
Due t o  the  memory required fo r  a fast sampling 

The use of analog averaging 

A paper tape punch with a punching rate of 150 punches per second 

The averaging c i rcu i t s  would consist of a simple RC f i l t e r  
This time constant w o u l d  resul t  i n  

The combined analcg-digital system then would give the  required 

WASHINGTON DESIGNATED PRXRAM 

Isotopic Analysis Program 

Isotopic analyses were proviaed on program samples as Feceived during the  
month. 
four days due t o  instrument ccanponent failure. 

The mass spectrgmeter fo r  this program was out of service fo r  

Considerable progres! was m a d e  on the design of a vacuum-lock sample 
changer interded t o  increase the sample load capacity of the  mass spec- 
t r m e t e r .  It is  planned t o  construct the sample changer with a sl iding 
shaft which introduces the sample in to  the  spectrometer through a manifold 
with three stages of d i f fe ren t ia l  vacuum pumping. 
fold are  t o  be made of high-strength alumina. 
being prepared. 

Both the shaft and mani- 
Final design drawings are 

Construction continued on a scinti l lat ion-type prototype ion-detector fo r  
the mass spectrmeter.  

TEST REACTOR OPERATIOI? . * 

Operation of the PCTR contimed routinely during the month except fo r  a 
scheduled three-day maintenance outage. 
darn caused by fau l ty  bypassing technique. 

There w a s  one unscheduled shut- 
The k l a t t i c e  experiments - &, 
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KVNS fuel wet and dry, spline worth measurements were partially completed. 
The gas door seal  was replaced during the maintenance outage. "he reactor 
room w i l l  be pressure tested t o  determine i f  a satisfactory seal has been 
obtained. 

Operation of the TIlR was on an intermittent basis during the month. 
Several series of irradiations for f o i l  normalizations were made. The 
reactor w a s  operated for the University of Washington Graduate Center one 
day during the month. The gas door seal was replaced. 

"he last 150 Ar-A1 16% 240 rods f c r  the c r i t i ca l  approach experiments 
have been received, and the approach tank equipment i s  being reactivated. 

CUSTOMER W O R K  

Weather Forecasting md Meteorological Services 

Further consultation service was rerdered on meteorological and clims- 
tological aspects of 1) oxides of nitrogen release i n  300 Area t o  IHO, 
2 )  exhaust fume release from the Bioassay Building t o  CET, and 3 )  stack 
requirements for the Low Level Radiochemistry Isboratory t o  CR&D. Off- 
s i t e  requests included 1) selected monthly and annual climatological 
sl;n;mnries fc r  the U. S. Weather Bureau and 2 )  psychrametric data for 
E. Bollay Associates, Inc., Santa Barbara, California. 

The mid-bby forecast of the Columbia River a t  Ranford during the remainder 
of the water year, 1963, was prepared and distributed. 

Meteorological Services, viz., weather forecasts, observatbm and clima- 
tological services were pravided t o  plant operations and management per- 
sonnel on a routine basis. 

Weather Summary 

Tyye of Forecast Number Made $ Reliability 

84.9 
91.0 

8-li~u.r Production 93 
24-Baur General 62 
special 162 . 95.7 

The wet spell, which brought a record amaunt of precipitation during 
April, ended abruptly after the first week of May. Temperatures were 
below n o w  d u r u  the first half of May, but generally above thereafter. 
The aver-all monthly average was slightly below normal. 
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Instrumentation and Systems Studies 

The Boonshaft and Fuch's t ransfer  f'unction analyzer was used t o  obtain 
frewency response b t a  on a wanim swelling capsule i n  an e f f o r t  t o  
determine the t ransfer  f'unction of the closed loop temperature control 
system. 
the form: 

Preliminary dats indicates the capsule t ransfer  function is  of 

where T1 = 120 sec.; T2 as yet undetermined, but near 2-3 sec.; and K = 
gain; non-linear. Although the capsule t ransfer  function itself i s  
straightforward, coxtrol problems are e n c m t e r e d  because of the many 
variable parameters a f f e c t i x  t o t a l  power input such as  ganrma heating, 
i n l e t  water temperatue, an& water flow. In addition, although the 
s t a t i c  control signal-to-heater voltage signal i s  l inear,  the voltage-to- 
power relationship i s  a second degree f'unction and thus non-linear. 
effects  w i l l  all be determined along with the  basic capsule transfer 
function and the  system w i l l  be simulated on an analog computer complete 
with three-mode cont.rollers. 

These 

Similar t e s t s  were performed. on a creep capsule and preliminary data 
indicates a t r a n s f e r  fmc t ion  of the s a m  form as fo r  t he  swelling capsule. 
However, i n  addition t o  the same parameters affecting control as fo r  the 

on the helium pressure within the capsule. 
three heaters, separately ccntrolled, and thus tempersture interactions. 
The prinary time constar-t i n  the creep capsule t ransfer  function is  about 
360 seconds, but varies w i t h  heliun pressure. The high frequency break- 
point has not been determined. 
systen w i l l  also be simulated. 

Advice was rendeGed €bysical Metallurgy concerning a temperature control 
system for  an in-reactor t e s t  capsule nm under development. The capsule 
w i l l  contain f ive  metal specimens each t o  be shul taneausly irradiated at 
a different temperature. 

? swelling capsule, the creep capsule t ransfer  function is  very dependent 
Also, the  creep capsule has 

The creep capsule temperature control 

Reactor Metals Research was providd  advice concerning a system t o  measure 
the dynamic s t ress-s t ra in  characterist ics of various reactor metals. The 
requirements of the  system are t o  display and record the s t r e s s  and s t r a i n  
of a specimen as a function of time as the  specimen is tes ted t o  destruc- 
tion. 
few milliseconds. 

The experiment is  of a one-shot nature and takes place within a 
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Advice vas rendered Physical Metallurgy concerning a cryogenic temperature 
control system. Control temperatures would be i n  the  range 20% t o  200OK. 
Methods and hardware were recommended. 

A method of controlling an in-reactor specimen at a constant s t r a i n  r a t e  
and reading aut s t r e s s  was proposed t o  Reactor Metals Research. 
rate was t o  be easi ly  changed and have good s t a b i l i t y  and l inear i ty .  

A temperature control system designed t o  control a high vacuum-high tempera- 
ture (3000OC) Oven was reconmended t o  Reactor Metals Research. 

The s t r a i n  

Information on the  performance of a specific d i f fe ren t ia l  amplifier was 
given Chemical Research. 
f o r  possible use i n  the creep program. Information on the same amplifier 
was rendered Chemical Development, HL. The amplifier did not meet the  
requirements of the  specific application, so another amplifier was recan- 
merided an3 subsequently purchased. 

The amplifier was one which has been evaluated 

Specifications for  a precision solid-state control and data acquisition 
system were wri t ten for  a new t e s t  t o  be performed by Reactor Metals 
Research i n  the  EX%. 

Specifications f o r  a precision solid-state over temperature protection 
systun were wri t ten for  Physical Metallurgy. 
at  the 100-m in-reactor t e s t  f ac i l i t y .  

A Faper tape reading and programming system was suggested t o  Reactor Metals 
Research f a r  use on the creep prograa data logging system. 

Construction of t he  creep program 96 point data loggel. is  continuing. 
Debugging is also i n  progress. 
is  mid-August. 

- @ 
The system w i l l  be instal led 

. 

Target date for  completion of the system 

The remote demand-log system designed and built  fo r  use with the swelling 
program data logger w a s  ins ta l led  a t  100-Kw. 

Work on the 333 Building autoclave temperature control problem has stopped 
peading the  solution t o  cer ta in  mechanical problems on the  autoclaves. 
Work w i l l  be resumed when the autoclaves are working properly. 

A firm understanding cf the theory and derivation of the C-column mathe- 
matics model w a s  obtained. 
w i l l  be t o  optimize the  i n t e q h a s i a l  mass t ransfer  constant and the  back . 
diffusion coefficients with organic and water phases i n  the  column. 

The purpose of the  associated analog simulation 

Two 
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models w i l l  be used fo r  describing the C-column. 
stripping action below the feedplate, and the other one w i l l  describe the 
extracting action overtheremainder of the column. 

One w i l l  describe the 

Basic design was established fo r  a special s o i l  moisture content measuring 
probe fo r  Advanced Technical planning, CPD, and Chemical Effluents Tech- 
nology, HL. A neutron propcrtional counter and a sol id  state preamplifier 
w i l l  be used t o  work direct ly  with available caamnercial i n s tmen ta t ion .  
The necessary Pu-Be neutron source w a s  ordered. 

Fabrication was compieted on the conversion of an alpha-beta-gamma air  
f i l t e r  sample counter-to the coincidence count method. The i n s t w e n t  is 
i n  use at the 231 Building and the work was done for  Radiation FYotection 
Operation, BL. 

The coincidence counter for  a i r  f i l t e r  samples was ccanpleted and tes ted fo r  
use i n  the 327 Building and is  ready for  installation..  The counter was 
assembled fo r  Radiation Protection Operation, HL. 

Necessary instrumentation for  an a i r  sample f i l t e r  coincidence counter 
fo r  use at the Fuels Recycle Pi lot  plant has arrived and the required 
interconnecting cdincidence c i rcu i t ry  i s  being fabricated. 
heads have been orbered. 

The detector 

A design cost estimate was prepared fo r  the acquisition of an air sample 
f i l t e r  coincidence c m t e r  for  use by CPD personnel a t  the  234-5 Building 
and a similar estimate was made for  CFD for  an instrument t o  be used at 
mex. 

Specifications were prepared f o r  detectors and instruments fo r  use i n  a 
plutonium waste container measurement system fo r  Plutonium Process Rgineer- 
ing, CPD. 

Work has continuedAon the Bdy Current Motion Analyzer (ECMA-I) which i s  
being developed f o r  use in studying the fie1 assembly vibrations that 
have been encountered in the PRTR. 
ing and detecting c i rcu i t ry  has been completed and these chassis are 
presently being checked art and instal led in the  equipment cabinet. 
cation of the t ransfer  panel has begun and is expected t o  be ready fo r  
ins ta l la t ion  and final checkout ear ly  i n  June. 
the specially designed f'uel element assembly a re  being fabricated and tes ted 
t o  insure component cmpat ib i l i ty  and r e l i ab i l i t y .  
equipped f'uel element c luster  is  expected t o  begin i n  June. 

Fabrication of six channels of amplify- 

Fabri- 

Prototypical portions of 

Assembly of the sensor 
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The r e d o u t  system of the opt ical  process tube traverse mechanism has 
been replaced w i t h  a Linear Variable Differential  Transducer ( L W )  read- 
out t.c re3uce the  t o t a l  inspection t i m e  and provide readout data i n  a form 
s d t a b l e  for  d i g i t a l  or analog recording. Evaluation tests were conducted 
on a t rarzis tor ized excitation and demodulation system during the month. 
Resclts of these, and other tests, indicate that a system of max- u t i l i t y  
and accuracy can be obtained by u t i l i z ing  these excitation demodulation 
m d a e s  i n  conJunction w i t h  a self  ranging d i g i t a l  voltmeter with a bui l t -  
i n  b b a q  coded decimal (BCD) outpct fo r  automatic recording on a paper 
pmch tape, 
processing through the IBM 7090 system. A memo proposing such a system 
i s  being prepare&. 

The A z r i l  niontbly report discussedthe l ea s t  squares analysis of eight 
calibratioz. runs cf the Electr ical  Readcut Traverse Mechanism in a full 
length reactor precess tube at  189-B Buildizlg. These f i ts  were good t o  
l e s s  than 0.080 inch aid the over-all accuracy of the device using aver- 
aged values f o r  the calibration constants use * 3/8 inch. Six t e s t s  run 
l a t e r  w i t h  tube bendings of aboct f ive  inches yielded least squares f i ts  
good t o  &out 0.080 inch. A modified 
curtp&ire program was effective in reducing error  i n  calculated displace- 
ments. 
mzs 0 

The information thus obtained would be available f o r  immediate 

In all, 18 tes t  m s  were made. 

An sirerage absolute error  of 1/4 inch w a s  obtained fo r  these 18 

A l l  the 18 runs were d e  using an e lec t rdc romete r  as a readout device. 
Shop t x s t s  were a l ~ o  conducted using a d-c t ranslator  and millivoltmeter 
which cffers  the advantage of no e lec t r ica l  deadband and more rapid res- 
ponse. 
required and the response is not as l inear  as with the electromicraneter. 
Mcre t e s t  rus aze planned f o r  the next few weeks. 

The chief disdvantages are  that more electrscal  equipment is 

Testa -s ing CdS photocoductors i n  cmbination with a projection comparator 
t o  read oL;t fie1 element ra i l  heights indicated that positioning accuracies 
of 0.0001 inch axe feasible.  
maintain the reference location while a second photocell is used t o  read 
out rail  height on 8 Honeywell recorder. 
t o  demonstrate the f eas ib i l i t y  of p rduc t ion  l i n e  gauging of r a i l  heights 
at the rate of one f'uel element per six seconds with rn accuracy of * O.OOCY2 
inch. 

A servo positioner i s  being assembled t o  

The object of this  project is 

Two l aser  rods, one a calcium tungstate rod doped with neodynium 
(CaWO4;M3+) and the  other a calcium fluoride rod doped w i t h  uranium 
(CaF2;tb+) have been received. Attemgts w i l l  be made t o  induce lasing i n  
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these rods using gamma sc in t i l l a t i on  as a l i gh t  pumping source. Before 
this is  attempted, however, a control ser ies  of t e s t s  w i l l  be conducted 
with a conventional Xenon f lash tube as the l i gh t  source. 

" 

While the equipment fo r  these t e s t s  is  being fabricated, some pilo$ experi- 
ments are  under way using photo f lash  lamps. 
factor f o r  Nd3+ at room temperature leads t o  a terminal s t a t e  population of 
.0000698 re lat ive t o  the ground s ta te ,  so  it is  expected that four-level 
action can be accomplished a t  a low threshold. 

Calculation of the Boltzmann 

Investigations are a l s o  under way t o  find the best available sc in t i l l a to r  
and/or phosphor with appreciable spectral oxtput i n  the respective pump 
bands. Since phosphors are usually opaque t o  t h e i r  own emission, t he i r  
effectiveness as  pump sources is qu stionable. 
cated for  tes t ing  materials i n  a J r/hr gamma f i e l d  f o r  spectral  emission 
characterist ics and for  re la t ive  conversion efficiency. 

During the five-week period (April 14-May 19) included i n  t h i s  report, a 
t o t a l  of 600 manhours shop work was performed. 

Equipment is being fabri- 

The work included: 

I 1. 
' 2. 

3. 
4. 

5 .  

6. 
7. 
8. 
9 .  

Repair of one crane periscope head each fo r  Redox and -ex. 
Change-out* of all lenses in two army M-2 borescopes f o r  
Irradiation Testing, IPD. 
Fabrication of one se t  of eight glass bearings fo r  0. 
Repair of three camera shutters and modification of four 
shutter release cords. 
Fabrication of a borescope cmera adapter t o  permit use of 
motion picture camera i n  photography of reactox graphite channels. 
Assembly and adjustment of one metallograph. 
Silvering of ruby laser  rod and ref lector .  
Silvering & T i 3  crystals  for  Radiological Physics. 
Aluninizing 10 mirrors f o r  optical  comparators. 

Fhysical Testinq * 

Testing service increased at  an accelerated pace during the  month, necessi- 
tating an additional s h i f t  crew at the tubular tes t ing  f a c i l i t y  t o  meet 
a deadline requirement. The number of t e s t s  performed during the month 
increasedto  nearly 30,000; one-half that  number being on separate items, 
an increase of nearly 25 percent over the previous month. 
different organizational components purchased tes t ing  services, seven 
more than before. 

Thirty-nine 

A deadline of May 6 and a goal of 1200 inspected and tes ted tubes fo r  
retubing the K Area reactors were met by the tube tes t ing  operation. To 
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meet th5s gcal mer 1600 tubes were inspected and tes ted and an additional 
150 tubes were niade available fo r  the reactor retubing i n  excess of the 
reqi i red 1200. Approximately 40 tubes of the remaining 400 were returned 
t.0 the vendor fo r  replacement, and the  rest are e i ther  being held for  the 
r e su l t s  cf corroeion t e s t s  or for  different locations in the  reactor. A 
dry honing process develaped by Physical Testing was u t i l i zed  by Im> t o  
v i r tua l ly  eliminate the Vanstcne cracking problem. 
s tep  in t h e  inspecticn process created the necessity of adding an addi- 
t i ona l  shift and extra personnel t o  meet the scheduled delivery of tubes 
t o  the react.ors. 

W s  extra processing 

Approximately seventy Zircaloy-2 sheath tubes, 0.442 inch in diameter 
with a twerity m i l  w a l l ,  were tes ted during the  development of ultrasonic 
inspectior, equipment for in-plant tes t ing of similar tubing. Fifteen of 
t he  tu3es tes ted indicated defects greater than the  limits specified of 
1/20 the w a l l  thickness. 
or metallographically examined and all but one of the indications were 
ver i f ied  as defects ranging frcm 0.001 t o  0.008 inches in depth. 
s a m  type of ccmmercial equipment w i l l  now be modified a t  Harvey Aluminum 
Canp.ny i n  California for  the  ultrasonic inspection of over 2000 tubes 
being purchased f o r  fuel  element manufacture. 
t o  all available o f f s i t e  General ELectric inspectors fo r  ultrasonic t e s t -  
ing t o  Hznford standards while these t e s t s  are  i n  progress at Harvey. 

IE each instance the tubes were ei ther  visually 

The 

Training w i l l  be offered 

A l i s t  of nine rossible  methods was presented t o  the  Fuels Section of N 
Reac tx  Depbstnent t o  nodestruct ively t e s t  the welds on sane 2000 sus- 
pected N Reactor fie1 elements. 
produced from a spot welder t ha t  may have been out of control and pro- 
duced such a large weld nugget t ha t  uranium was alloyed with the  Zircaloy 
i n  the weld nugget. Of the  methods suggested, at legst  three w i l l  be 
evaluated on purposely defected spechens. 

The specific welds i n  question were 

Other t e s t s  were performed on the high pressure C-1 loop t o  insure i ts  
i z t s g r i t y  as well as measurements fo r  the bond Quality of the plutonium- 
aluminum fue l  elements scheduled for  the  loop. A ser ies  of t e s t s  are i n  
progress t o  determine the cause of fa i lure  of the Hansen brass f i t t i n g s  
ins ta l led  on the front face of F Reactor. A routine survey of pressure 
vessel  thicknesses was conducted for  F Area as well as ultrasonic thick- 
ness measurenenta an 190-F Building process piping. A ser ies  of accel- 
crtition and vibration measurements have been made a t  selected points on 
the  €'FER during various phases of startup and reactor operations. 
graphic inspections of welds fo r  code cmpliance and pressure vessel cer t i -  
f icat ionwere conducted on enough footage t o  represent nearly ten  miles 
of weld, with the r e s d t s  in  each case reported before the  next sh i f t .  

Radio- 
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ANALOG COMPUTER FACILITY OPERATION 

The analog compter problems considered during the month include: 

1. D Reactor Control Problem. 
2. NPR Kinetics. 
3. NPR Pressurizer. 
4 .  NPR Injection Pump System. 

The computer u t i l i za t ion  was as  follows: ' 

300 144 H o u r s  
22 22 HOUrS 
30 10 H o u r s  

0 H o u r s  

3 52 176 Total 

- 0 - 

vp 
Scheduled Downtime 
Unscheduled Downtime 
Idle 

Considerable d i f f i cu l ty  with the EASE computer is presently being exper- 
ienced. These d i f f i cu l t i e s  include relay contact fa i lures ,  trouble with 
the readout units (DVM, panel meter, p r in te r )  and intermittent troubles 
with the servo-set pot system. 
relaxation i n  the  routine maintenance program. 
as a resul t  of a lack of trained maintenance personnel-due t o  teaporary 
t ransfers  and vacations. 

Some of these traubles may be due t o  a 
This relaxation occurred 

Purchase of the  new analog computer is  being delayed pending completion 
of negotiations by Company and Commission purchasing groups. 
Commission's suggestion, discussions were held with two bidders. 
chase contract is expected t o  be placed during June. 

A t  the 
A pur- 

Preliminary arrangements were made fo r  set t ing up an analog computer 
applications course. 
members and w i l l  consti tute t e n  two-hour sessions. One-half of the 
time w i l l  be spent on basic analog theory and the remainder of the  t i m e  
w i l l  be spent discussing a d  working simple applications problems. 

The course is tentat ively set  up t o  acccanmcdate 1 5  

INSTRUMENT EVALUATION 

Temperature t e s t s  on the experimental solid s t a t e  portable rechargeable 
survey meter showed calibration errors of about 10% from -lO°F t o  +l2S0F. 

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

UNCLASSIFIED 
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A l l  evaluation t e s t s  have now been completed and only the  instrument 
drawings remain t o  be done. 

Calibration t e s t ing  and minor c i rcu i t  modification were carried out on 
the experimental beta-gamma hand and shoe counter which uses gamma back- 
ground compensation circuitry.  Most t es t ing  is now cmplete  and a final 
background probe is  being fabricated f o r  instal la t ion.  
retesting, the instrument w i l l  be moved t o  the  reactor areas f o r  f i e l d  
t e s t s .  

Follating minor 

Acceptance t e s t ing  w a s  star ted on 30 sc in t i l l a t i on  sol id  state portable 
alpha "poppies" which were fabricated of fs i te .  

RS Paul:mcs 

Manager 
PHYSICS AND INSTRUMEKCS LABORATORY 

UNCLASSIFIED 
. .  - 
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RESEARCH AND ENGINEERING 

IRRADIATION PROCESSES 

Reactor Effluent Radioisotope Studies 

During a week of t h i s  report  period the  water treatment p i l o t  plant  
produced water wi th  a tu rb id i ty  of 0.001 by close control  of  t he  
alum addition, pH, and zeta potential .  w i n g  t h i s  week reductions 
i n  many of the radionuclides i n  reactor eff luent  water by as  much as  
a fac tor  of two were noticed. This t e s t  confirms t h e  importance of 
zeta poten t ia l  control. 
water was being produced a t  a pH of 6.6. 

Only 10-12 ppm alum were required when 

During the  present reactor  outage a pump w i l l  be in s t a l l ed  i n  the  
raw water l i n e  t o  provide pos i t ive  control  of the  feed water and t o  
allow capacity operation during reactor  outages. The alum supply 
system w i l l  be a l te red  t o  provide a means of more accurately measuring 
feed rates .  
be a t  a pH of 7, using aluminum n i t r a t e  as the  f locculat ing agent and 
n i t r i c  acid t o  control t he  pH. 
the  reduction i n  P-32 obtainable when t h e  sulhv parent material  i s  
l imited t o  the  extent p rac t i ca l ly  feasible. 

A t  reactor  s ta r tup  water furnished by t h i s  plant w i l l  

This tes t  i s  designed t o  determine 

Deionized Water Studies 

For a period of three days p r io r  t o  a shutdown, process water was 
used t o  cool two reactor tubes whose previous coolant had been 
deionized water. Both tubes had fue l  charges clad with zirconium 
but one tube was zirconium and one aluminum. Although three days 
i s  not su f f i c i en t  time fo r  a steady s t a t e  t o  be at ta ined,  some 
information of i n t e r e s t  was  obtained. The Na-24, P-32 and CU-64 
concentrations i n  the  e f f luent  increased sharply while the ~ n - 5 6  
and As-76 concentrations increased much more slowly. 
and Ga-72 concentrations remained e s sen t i a l ly  constant. 
la t ter  two radionuclides are related t o  the  corrosion’rates  of t he  
tubes and Jackets. 
observed when process water w a s  added was very s l i g h t ,  t h i s  indi- 
ca tes  t h a t  t h e  contributions from parent materials i n  process water 
are small. ~ i - 6 5  and Ga-72 are  thus t r u e  indicators  of corrosion 
not complicated by interferences from water salt ac t iva t ion  products. 

The Ni-65 
These 

Since the  change i n  t h e i r  concentrations 

. 
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Film Adsorption Studies  

-. 

Aluminum coupons coated w i t h  various agents which had previously 
shown promise i n  laboratory t e s t s  were placed i n  r eac to r  tubes 
downstream f r o m t h e  flux zone. After  30 days' exposure the amounts 
of adsorbed radionuclides were measured. 
t h a t  a Flo-Master Black Ink coat ing reduced adsorption of P-32 
and As-76 by f a c t o r s  of 2-4. 
w i t h  parent  mater ia l s  on f u e l  element surfaces  i n  the f l u x  zone, then 
a reduction of these  radioisotopes i n  r eac to r  e f f luen t  water would be 
expected. 

Preliminary data show 

If s i m i l a r  reduction can be obtained 

Eff luent  Monitor 

Several  p i p e t t e r  breakdowns and a high vol tage chass i s  f a i l u r e  
r e su l t ed  i n  a poor record of  operation by the  iodine monitor during 
t h e  month. 
operat ion should r e s u l t .  

The p i p e t t e r  w a s  replaced by a Mini-pump and r e l i a b l e  

A sampling system w a s  i n s t a l l e d  which causes a sample of  the e f f luen t  
t o  be r e t a ined  on s igna l  from a high reading on the  iod ine  monitor. 

Release Studies  

Tests t o  deternine t h e  r e l ease  of polonium from i r r a d i a t e d  bismuth 
were completed. Aluminum c lad  specimens he ld  a t  1300 C f o r  two 
hours showed re l eases  of 16 and 23 percent,  no t  s i g n i f i c a n t l y  d i f f e r e n t  
than the  previously reported r e l ease  of 17 Fercent i n  one hour. 
formation of a s in t e red  oxide skull completely covering t h e  l i q u i d  
n e t a l  re ta rded  t h e  oxidation r a t e  and, consequently, the  polonium 
re l ease  r a t e .  

The 

Polonium re l eases  of 50 and 60 percent were obtained with bare speci- 
mens of  i r r a d i a t e d  bismuth held a t  1300 C f o r  one-half hour i n  
helium and a i r  atmospheres; however, the amount of bismuth v o l a t i l i z e d  
was th ree  times .g rea t e r  i n  a helium atmosphere than i n  air. 
quently,  t h e  r e l ease  of polonium and bismuth a r e - u n r e l a t e d  and volume 
d i f fus ion  predominated, although d i s t o r t e d  by eddy currents .  

Conse- 

SEPARATIOES PROCESSES 

Disposal t o  Ground 

The concentrat ion o f ' g r o s s  b e t a  emi t te rs  i n  the ground water beneath 
t h e  Purex process condensate .cr ib ,  216-~-10, dropped from 7 x 10-3 
w / c c  i n  Apri l  t o  3 x w / c c  i n  May. I so topic  analyses  of the 



ground water beneath the c r i b  previously showed the presence of Sr-90 
at  a concentration of 3 x 10-8 w/cc ;  analysis  of the  
showed t h e  Sr-90 t o  be less than detectable,  < 2 x lo-' vc/cc. So i l  
column studies were started at  the  Redox Laboratory t o  evaluate the 
decontamination benefi ts  and prolonged c r i b  l i f e  which might r e su l t  
by adding caust ic  t o  the  c r i b  inf luent .  
employed t o  f a c i l i t a t e  obtaining rapid ana ly t ica l  resu l t s .  

Sc in t i l l a t i on  probe logging of all 200 Area wells i s  i n  progress t o  
monitor the vertical. and areal spread of ground and ground-water 
contamination from waste disposal sites. 
made w i t h  previous surveys conducted i n  1956 and 1959 t o  determine 
radionuclide migration ra tes .  
out-of-service c r ibs  and trenches revealed very l i t t l e  movement (on 
the  order of several  f e e t )  of radioisotopes due t o  s o i l  column 
drainage during the period from 1959 t o  the  present. 

ay 5 sample 

A sr-85 spike i s  being 

Data comparison w i l l  be 

Preliminary evaluation of several  

A two component drive-point was designed and i s  being fabricated 
f o r  use w i t h  a drive casing t o  obtain thermal conductivity and s o i l  
moisture measurements i n  tank farm subsoils.  T h i s  work i s  a Joint  
venture w i t h  the  Chemical Development Subsection t o  provide the  
Chemical Processing Department with s o i l s  information per t inent  t o  
in-tank so l id i f ica t ion  heat diss ipat ion problems. The neutron- 
neutron probe w i l l  be used t o  measure s o i l  moisture content, and a 
sensor w i l l  be u s e d t o  evaluate thermal conductivity. If good 
correlat ion ex is t s  between these two parameters, it may be possible 
t o  use s o i l  moisture, an eas ie r  parameter t o  measure, as an index 
t o  s o i l  thermal conductivity. 

Ruthenium Removal Studies 

Sorption methods of removing ruthenium from Furex process acid 
recovery condensate were scouted. Sorption of the  untreated (pH 2) 
condensate on eleven types of act ivated charcoal (using one gram of 
sorbent per 100 ml of solut ion)  gave removals of 18-66, 18-77, 
27-89 and 51-93 percent i n  24, 48, 144 and 312 hours, respectively. 
Neutralizing the  acid waste t o  pH 7 increased ruthenium removal 
from 66 t o  96 percent i n  a 24-hour equi l ibrat ion period with the 
most e f f i c i e n t  charcoal. 

Ruthenium sorption on act ivated oxides produced by heating geothite,  
g ibbs i t t  and bruci te  gave removals from neutralized waste of 63, 78 
and 85 percent, respectively,  i n  one hour. 
75, 96 and 97 percent a f t e r  26 hours. 
gibbs i te  a t  pH 2 were only 8 and 22 percent after two hours. 

Removals increased t o  
Removals on geothite and 
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Four anion exchange r e s i n s  (Dowex-1, WCR, A30B and IRA410) were 
t e s t e d  f o r  Ntheni2m removal from t h e  raw waste. 
through was reached a f t e r  160, 80, 50 and 30 column volumes, 
respec t ive ly .  
i nd ica t e  a t  l e a s t  t h r e e  an ionic  spec ie s )  apprec iab le  loading occurs 
after .10 percent  breakthrough. 
about one percent  ruthenium breakthrough up t o  30 column volumes 
where it r a p i d l y  increased  t o  10 percent  breakthrough, continued a t  
t h i s  l e v e l  f o r  the next 130 column volumes, then gradual ly  increased  
t o  25 percent  breakthrough i n  the next 70 column volumes. 
w i t h  6 ; NaOH was not t o o  successful .  
10  column volumes of e luan t  removed only about 20 percent  of  t h e  
ruthenium loaded i n  200 column volumes. 

Ten percent  break- 

Due t o  t h e  complexity of  t h e  system (electrophoregrams 

As an examyle, Dowex-1 maintained 

Elu t ion  
For t h e  most favorable  case 

Plutonium Electrowinning 

Continued experimental  i nves t iga t ion  of plutonium electrowinning,  
using t h e  small c e l l  descr ibed i n  t h e  Apr i l  r e p o r t ,  has  revea led  
some genera l  t rends .  In  successive runs  .at  var ious  temperatures ,  
it was observed tha t  an i nc rease  i n  temperature above 800 C resulted 
i n  a loss i n  cu r ren t  e f f i c i e n c y  (from 45 percent  a t  800 C t o  24 per- 
cen t  a t  900 C and zero percent  a t  1000 C ) .  
cathode d i s t ance  (from 1.0 t o  3.5 cm) r e s u l t e d  i n  a small i nc rease  
i n  cu r ren t  e f f i c i e n c y  (from 35 t o  45 pe rcen t ) .  

An increase  i n  t h e  anode- 

So l id  S t a t e  E l e c t r o l y s i s  

An e l e c t r o l y s i s  run of 77 hours '  dura t ion  a t  600 C w a s  made on 
cerium metal containing a Zr-Xb-95 t r a c e r  and molybdenum as impurity.  
A cur ren t  05 70 amperes a t  0.90 v o l t  y i e l d s  a cu r ren t  dens i ty  of 
350 am?s/cm i n  t h i s  specimen. 

Radiochemical assay on t h e  256 channel analyzer  shows Sb-125 and 
CO-60 i n  a d d i t i o n  t o  Zr-95. The count ing d a t a  show only  CO-60 migrates .  
The samples were analyzed spec t rographica l ly  f o r  non-radioactive 
impur i t ies .  If one cons iders  t h a t  a change i n  concent ra t ion  from 
end t o  end by a f a c t o r  of  four  i s  c e r t a i n  evidence f o r  migrat ion,  
then  i r o n  and poss ib ly  n i c k e l  are t h e  on ly  elements which migrate.  
On t h i s  basis no migration w a s  observed f o r  s i l i c o n ,  manganese, 
magnesium, copper and molybdenum. 

E l e c t r o l y s i s  runs  o_n Fe-59 and CO-60 t r a c e d  cerium a t  650, 600, 550 
and 495 C are now complete and samples from t h e s e  runs have been 
counted on t h e  256 channel analyzer .  All runs were of  23 hours '  
dura t ion ,  
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The r e s u l t s  can be 
number, T, defined 

conveniently expressed i n  terms of a t r anspor t  
as follows: 

(Ct  - co) 102 
T =  

C, ( t ime)  

where C t  i s  the concentrat ion of t ranspor ted  s o l u t e  t o  the  anode s i d e  
of center  a t  time t and Co i s  t h e  i n i t i a l  concentrat ion t o  the anode 
s ide  of center .  

If the  logari thm of t h e  t r anspor t  number, T, i s  p l o t t e d  aga ins t  
cur ren t  dens i ty  f o r  t h e  Fe-59 data a t  600 C, a good s t r a i g h t  l i n e  
r e s u l t s  and t h i s  i s  a l s o  the  case i f  p o t e n t i a l  drop is  the  va r i ab le  
in s t ead  of cur ren t  density.  The data a t  495, 550 and 650 y i e l d  
po in t s  o f f  t h i s  s t r a i g h t  l i n e .  
po in ts  and p a r a l l e l  t o  the  curve a t  600 C result i n  a family of 
s t ra ight  l i n e s .  

P a r a l l e l  l i n e s  drawn through these  

The t r anspor t  number a t  constant cur ren t  dens i ty  o r  a t  constant 
vol tage drop can now be estimated from t h e s e  curves. 
so obtained are p l o t t e d  on semi-log paper as a funct ion of r ec ip roca l  
temperature (an Arrhenius p l o t )  a near ly  s t r a i g h t  l i n e  r e s u l t s ,  but  
t h e  s lope i s  negative. 

A negative ac t iva t ion  energy is not poss ib le ,  and the  explanation 
f o r  t h i s  r e s u l t  appears t o  l i e  i n  t h e  na ture  of the  temperature 
dependence of two competing processes which occur. As e l e c t r o l y s i s  
proceeds, t h e  i n i t i a l l y  uniform d i s t r i b u t i o n  of t h e  s o l u t e  becomes 
non-uniform under the  dr iv ing  force of the p o t e n t i a l  f i e l d  and . 

e lec t ron  flux, and t h i s  r e s u l t s  i n  an opposing chemical gradient  f o r  
back d i f fus ion .  If, as it appears, t h e  back d i f fus ion  process 
acce le ra t e s  more rap id ly  with increasing temperature than  t h e  e lec t ro-  
l y s i s  does, t h e  net  e f f e c t  w i l l  be a decrease i n  e lectromigrat ion 
with temperature. This i s ,  i n  f a c t ,  observed. 

If t h e  numbers 

W A S T E  MANAGEMEI?" AID FISSIOM PRODUCT EXTRACTION 

S t o r w e  of Cesium and Strontium on Zeol i tes  

Observation i n  B-cell ofthe strontium loaded z e o l i t e  c a r t r i d g e  con- 
t inued  through t h e  month, without evidence of r a d i o l y t i c  pressure 
buildup. The sudden appearance of pressure buildup las t  month 
when t h e  temperature was increased above 550 C, and minor excursions 
observed t h i s  month, are bel ieved t o  have been due t o  r e s i d u a l  
moisture i n  t h e  sealed system exceeding t h e  capaci ty  of t h e  z e o l i t e  
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f o r  moisture re ten t ion .  Both t h e  number of noles  of water ava i lab le  
t o  form steam pressure i n  t h e  system and t h e  pressure per  mole of 
steam increase with temperature, with the  former e f f e c t  being much 
more important i n  t h e  region of i n t e r e s t .  The proposed plant-s ize  
s torage ca r t r idges  w i l l  be adequately s t r e s sed  t o  contain t h e  observed 
steam pressures.  I n  addi t ion,  the  pressur iza t ion  phenomena should 
be l e s s  pronounced i n  the  l a rge  car t r idges  s ince  the  z e o l i t e  near 
t h e  outs ide of t h e  container  w i l l  be a t  a r a t h e r  low temperature and 
w i l l ,  therefore ,  have a high capaci ty  f o r  moisture re ten t ion .  
t o  observe a time-dependent r ad io ly t i c  pressure buildup may be due 
t o  recombination of r ad io lys i s  products, absorption of r ad io lys i s  
products on t h e  zeo l i t e ,  o r  possibly t o  an undetected l eak  i n  the  
equipment. 

Isotopic  Analysis of Strontium from Purex 1 0 6 ~  Tank Sludge 

Fa i lure  

A sample of suspended sludge from the  1 0 6 ~  tank was obtained. 
Besides determining pronethium content,  chemical composition, and 
def ining a d i s so lu t ion  procedure, an i so top ic  ana lys i s  of  i t s  contained 
strontium w a s  c a r r i e d  out. The Sr-90 content was found t o  be 52 per- 
cen t ,  which compares favorably with about 55 percent f o r  current  
Furex pro6uction and only 17 percent f o r  t h e  103A tank, t h e  only 
tank previously analyzed. 
approximately two years  and whose Sr-89 content i s  the re fo re  neglig- 

' i b l e ,  i s  thus  o f  high qua l i t y  and a t t r a c t i v e  f o r  recovery. A sample 
of sludge from t h e  10bA tank, which a l s o  contains  a s o f t  and e a s i l y  
s l u r r i e d  sludge, i s  being s imi l a r ly  analyzed. 

The 1 0 6 ~  strontium, which has cooled 

Strontium Extract ion from Dissolved Sludge 

F'resent CPD Waste Management plans a re  t o  mine the  sJudges from t h e  
Purex (and Redox) waste tanks,  dissolve these  i n  d i l u t e  ac id ,  and t o  
process t h e  r e s u l t a n t  so lu t ion  i n  the  fu tu re  B-Plant complex t o  remove 
t h e  heat-generating strontium followed by in-tank evaporation of t he  
waste t o  a s t a b l e  salt  cake. Major drawbacks t o  t h i s  scheme a r e  (1) 
very high chemical cos t s  due p a r t i c u l a r l y  t o  t h e  l a rge  q u a n t i t i e s  
of complexant required t o  keep dissolved i ron  and aluminum i n  
so lu t ion ,  and ( 2 )  t h e  very l a rge  volumes involved, which r equ i r e  
oversizing t h e  B-Plant equipment. Schemes f o r  processing t h e  sludge 
which would avoid or  minimize these  problems are accordingly being 
sought. 

One approach i s  t o  separa te  t h e  strontium and i ron  (" i ron extract ion")  
p r i o r  t o  B-Plant solvent  ex t rac t ion .  
doing t h i s ,  based i n  p a r t  on earlier strontium recovery work, i s  being 
s tudied and appears qu i t e  promising. 

A p r e c i p i t a t i o n  flowsheet f o r  

Acid-dissolved sludge i s  adjusted 
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to pH 1 to 2 with sodium carbonate, the sulfate concentration 
butted to 0.7 to 1.0 E, heated very briefly to about 80 C, and 
lead nitrate equivalent to 0.02 moles per liter added. 
five to 97 percent of the strontium is precipitated in less than 
one minute. 
metathesized with sodium carbonate, and dissolved in a small 
volume of dilute acid for solvent extraction. Cake washes and 
metathesis wastes are recycled to reduce losses. 
process are elimination of organic complexing agents, short time 
cycles, and process simplicity. 
and digestion times, a continuous or semi-continuous method is 
being considered, with the bulk of the precipitate to be removed 
by decantation through a tank equigped with a dipstick filter. 

Ninety- 

The precipitate is washed with sodium sulfate solution, 

Advantages of the 

Because of the very short mixing 

Promethium Isotopic Content 

The discovery of Pm-146 in fission-produced promethium and a 
Pm-146/Pm-147 ratio for both Brookhaven and Purex 103A promethium 
were resorted several months ago. Significance of An-146 is that 
its 0.45 and 0.75 MeV gammas would cause a slight, but significant, 
radiation dosage from massive souces of well-aged An-147, requiring 
somewhat greater shielding than would otherwise be needed for 
Pm-147 bremsstrahlung alone. 
purified in January (and recovered about two years ago from current 
Purex 1 W W )  has now decayed sufficiently to permit measurement of 
its Pm-146 content. The ratio was found, unexpectedly, to be at 
least a factor of three lower than in the earlier material. "he 
reason for a discrepancy of this magnitude is difficult to explain 
and suggests that some of the fundamental physical constants of 
Pm-146 may be seriously in error. 

The h-148 content of the promethium 

Extraction of Neptunium and Plutonium from Purex 1 W W  

Analytical data are now complete for,experiments on the extraction 
of neptunium and plutonium from Purex Plant 1 W W  solution. As 
reported last month, following reduction of neptunium with hydra- 
zines 87-89 percent of the neptunium and 98-99 percent of the 
plutonium were extracted in an equal volume contact (10 minutes 
at 25 C) of the 1WW with 0.3 M trilauryl amine (TU)-Soltrol. 
Further experiments indicate The extraction of neptunium can be 
increased to greater than 98 percent by increasing contact time to 
30-60 minutes. Decontamination factors for the extraction contact 
were 300-1600, 16-20 and 40-160 for zirconium-niobium, ruthenium 
and cerium, respectively. 
with one-half volume of 0.1 M oxalic acid, about 80 percent of 
both neptunium and plutonium-stripped. 

When the organic phase was contacted 

Overall decontamination 
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f a c t o r s  ( ex t r ac t ion  and s t r i p  contac t )  were about 700, 600 and 100 
f o r  zirconium, ruthenium and cerium, respec t ive ly .  

Observations from f u r t h e r  experiments with synthe t ic  IVW were: 

1. 

2. 

3. 

4. 

5. 

Extract ion of neptunium and plutonium were not impaired when 
the  ex t r ac t an t  contained up t o  f i v e  volume percent t r i b u t y l  
phosphate o r  when t h e  uranium concentration i n  t h e  1 W W  w a s  
increased from 0.00034 t o  0.027 E. 
Third phase formation occurred when 0.1 t o  0.6 E Adogen 368 - 
S o l t r o l  so lu t ions  were contacted wi th  synthe t ic  1WW. 
368 (40 percent C , 25 percent C 
t e r t i a r y  amine frgn Archer-Danie$%idand Co. 

Adogen 
30 percent C12) i s  a new 

Extracted cerium can be scrubbed e f f e c t i v e l y  from the  organic 
phase with 0.5 t o  4 Id HXO a t  60 C without s i g n i f i c a n t  s t r i p -  ping of  plutonium. - 3  

Contact of t h e  Xp-Pu-bearing organic a t  60 C with an equal 
volume of 1.0 fi HNO s t r ipped  about 95 

Cerium was a l s o  s t r ipped.  

Ruthenium left i n  t h e  solvent  after oxa l ic  ac id  s t r ipp ing  was 
removed e f f e c t i v e l y  with an a lka l ine  permanganate wash. 

- 0.1 M Fe(S0 NH .) 
percent of t h e  plutanium buT only ?hr& 2 percent of t h e  neptunium. 

CSREX Process - Laboratory Studies  

Laboratory t e s t s  i n  which CSREX solvent (D2EXPA-BAMBP-Soltrol) 
w a s  shaken w i t h  an equal volume of aqueous phase showed t h a t  
sulfamic ac id ,  hydrazine o r  urea i n  t h e  aqueous phase prevented 
degradation of BAMBP when i n  contact  with l g  HNO a t  50 C f o r  a t  
l e a s t  one day. This temperature and a c i d i t y  excead expected 
operat ing condi t ions i n  the  1 B  and 1C columns. Addition of sulfamic 
ac id  t o  the CSREX process feed  so lu t ion  has been shown t o  be s a t i s -  
fac tory  f o r  preventing n i t r i t e  degradation t o  BAMBP under ex t r ac t ion  
column (LA) conditions.  These results ind ica t e  means are ava i lab le  
t o  prevent short-term damage t o  BAMBP by n i t r i t e  o r  n i t r i c  ac id  i n  
t h e  CSRM process. 
s tud ie s  ind ica t e  tha t ,  once some degradation of  BAMBP has occurred 
i n  t h e  solvent ,  f u r t h e r  BAMBP degradation occurs during long-term 
standing of t h e  solvent  out  of contact  w i t h  any aqueous phase. 
Long-term p ro tec t ion  aga ins t  BAMBP degradation may depend on devising 
a solvent wash procedure which w i l l  remove completely any BAMBP 
degradation products. 

However, observations made during labora tory  

5 EC LA. S s I FI E f> 
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P i l o t  plant  s tudies  were devoted t o  fur ther  invest igat ion of the  
tartrate-complexed feed flowsheet described last month and t o  
determination of the pur i ty  of t he  strontium=cesium product. 
Highlights of the  r e su l t s  a re  as follows: 

1. 

2. 

3. 

Strontium losses  i n  the  1A column were generally two percent 
o r  greater ,  apparently re f lec t ing  a decrease i n  t he  strontium 
dis t r ibu t ion  r a t i o  due t o  using tartrate instead of c i t r a t e  t o  
complex the feed and/or t o  iron and aluminum loading 'in the 
solvent. The l a t t e r  ieached 0.4 and 0.2 g/E, respectively,  
a f t e r  several  passes. 
were " achieved . Cesium losses  of less  than one percent 

Cerium losses increased from three percent t o  18 percent when 
the 1 A  column interface was lowered from the  top t o  t h e  bottom, 
resu l t ing  i n  decreased aqueous holdup time. 

The concentrations of feed impurities reaching the 1BP 
(strontium-cesium product) were determined fo r  a number of 
runs. 
indicated range: 

The values varied,  apparently randomly, over the 

Fe 0.0003 t o  0.01 g/E (loo5 t o  0.002 M) 

0.01 t o  0.06 g/k (0.0002 t o  0.001 E)- I?i 

Except for  nickel ,  the I B X  contained s igni f icant  quant i t ies  of 
these impurit ies and-therefore was a major contributor t o  the 1BP 
contamination. 
1A column a t  a dis t r ibu t ion  r a t i o  on the  order of 0 . 1 t o  0.2. For 
comparison, t h e  strontium content of t h e  product was nominally 
0.0003 E. 

The nickel was carrie.d over by extract ion i n  the  

Treatment of Purex Stored Waste Sludge 

Development of procedures f o r  removal of sludge from Purex waste 
storage tanks and removal of strontium from it were continued. 
Frocedures involving an i n i t i a l  water leach followed by leaching 
w i t h  1-2 EHNO 
cent of the  i r a n  i n  the  acid leach. 
such as c i t r i c  acid and EDTA instead of the  n i t r i c  acid did not 
improve strontium removal but did r e s u l t  i n  l e s s  i ron  being dissolved. 
Addition of oxalic acid t o  the  n i t r i c  acid leach improved strontium 

remove 75-80 percent of the  strontium and 20 per- 
U s e  of complexing agents 
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removal (85 - 90 percent)  but  a l s o  r e su l t ed  i n  g rea t e r  i r o n  dissolu- 
t i o n .  A procedure w a s  t e s t e d  i n  which the  carbonate i n  t h e  sludge 
was first  destroyed with n i t r i c  acid;  t h e  slurry was then made 
a lka l ine  (pH 13.5) and digested f o r  25 minutes a t  80 C; supernatant 
l i q u i d  was removed and t h e  s o l i d  was digested with n i t r i c  acid.  
I ron  d isso lu t ion  (33  percent) w a s  s i g n i f i c a n t l y  increased over t h a t  
a t t a i n e d  without p r i o r  caus t i c  treatment. 
s tud ied  f u r t h e r  t o  see i f  a more rigorous a lka l ine  pretreatment w i l l  
so condition t h e  sludge t h a t  a l l  of t he  i ron  and the  s t ront ium 
associated with it can be dissolved i n  a subsequent n i t r i c  ac id  leach. 

This approach w i l l  be 

An experiment w a s  performed i n  laboratory sca l e  equipment t o  see if 
sludge d is in tegra t ion  could be hastened by use of a low pH. leach  
l iquor .  Simulated sludge i n  a container  represent ing an underground 
tank was covered with about f i v e  volumes of water. This so lu t ion  
was then c i r cu la t ed  through a smaller container  where ac id  w a s  added 
t o  maintain the  pH a t  about 5.5. Phosphoric ac id  was added f irst  
(as an ac id  c a r r i e r )  u n t i l  t h e  so lu t ion  w a s  about 0.1 fi i n  phosphate. 
"hen n i t r i c  ac id  w a s  added. Acid addi t ion  was cont ro l led  such t h a t  
t he  so lu t ion  flowing from t h e  ac id  addi t ion  tank t o  t h e  sludge tank 
was not more ac id i c  than pH 5.5. S lur ry  i n  t h e  sludge tank was not 
ag i t a t ed ;  it w a s  maintained a t  80 C. 
t o  completely neu t r a l i ze  t h e  carbonate i n  t h e  sludge. 
per iod t h e  simulated sludge, i n i t i a l l y  hard walnut-sized lumps very 
slowly at tacked by hot water, d i s in tegra ted  completely t o  a pump- 
able s lur ry .  The pH of the  slurry ranged from g rea t e r  than  nine a t  
t he  start of t h e  run t o  about seven a t  t h e  end. 

About t e n  days were required 
During t h i s  

A In-Tank S o l i d i f i c a t i o n  

A new p i l o t  s c a l e  model.of an in-tank so l id i f ica t ion ,sys tem f o r  i n t e r -  
mediate l e v e l  wastes has been designed and i n s t a l l a t i o n  i s  proceeding. 
I n i t i a l  t e s t s  are designed t o  confirm ca lcu la ted  heat  t r a n s f e r  r a t e s  
and sca l ing  e f f e c t s .  
passing heated a i r  downward through an annulus and i n t o  t h e  solut ion;  
as t h e  a i r  r i s e s  it t r a n s f e r s  i t s  remaining heat  t o  t h e  so lu t ion  
and a l s o  e f f e c t s  c i r cu la t ion  of the tank contents .  In  the  model 
design 100 cfm of a i r  a t  1200 F i s  used, with t h e  annulus formed by 
concentr ic  1-1/2 and 3-inch pipes.  

The process as Fresent ly  planned cons i s t s  of 

An a l t e r n a t i v e  approach i s  being e q l o r e d  on a laboratory sca le :  t h a t  
of d i r e c t  immersion of hea te rs  i n se r t ed  i n  t h e  a i r  l i f t  t o  avoid 
heat ing of excessive q u a n t i t i e s  of air. 
2.5-to-1 volume reduction has been a t t a ined  without s ca l ing  of t h e  
heater .  
o r  hea te r  failure. 

Using co ld  coa t ing  waste, a 

The tes t  is  being continued t o  t h e  poin t  of s o l i d i f i c a t i o n  
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Determinations of the  thermal conductivity of tank farm b a c k f i l l  
s o i l s  are being made i n  support of the Waste Management Program. 
The results of the  t e s t s  w i l l  be used i n  estimating the  heat loss 
rates from underground tanks of s o l i d i f i e d  waste. 

Four i n  s i t u  measurements have been made at  a depth of four f e e t  
over Tank-101 i n  the  241-SX Tank Farm, 
and corresponding temperatures were 0.33 (62 F) ,  0.43 (91 F) ,  1.2 
(100 F) ,  and 0.36 (73 F). 
1.2 i s  a t t r i b u t e d  t o  t h e  presence of a buried object,  such as  a 
stone, of high thermal conductivity i n  contact with t h e  probe. 
deep scratch found on the  probe a f t e r  t h e  t es t  supports t h i s  theory. 

Conductivities (Btu/hr/ft/'F) 

The unexpectedly high conductivity of 

A 

Cesium Removal from Wastes 

Column experiments with c l i n o p t i l o l i t e  and Linde AW-400 (20 t o  50 
mesh) were run with a synthet ic  Purex formaldehyde-treated waste 
simulating t h e  current waste composition (1.5 E KNO , 0.6 M Na', 
and 0.4 M Fe'3). 
observe '6isually the  exchanger and t o  determine t h e  pressure drops 
across the  columns i n  preparation f o r  t e s t s  t o  be made soon w i t h  
ac tua l  wastes. A s ign i f icant  pressure drop was not detected i n  the  
20 cm long columns, a t  a flow r a t e  of 3.3 ml/min/cm2. 
column volumes of waste were passed through each exchanger, and the  
exchangers were then allowed t o  be i n  contact with t h e  ac id  waste f o r  
30 days. A t  the  end of t h i s  t i m e ,  no s igni f icant  pressure drop was 
measured, and no visua l  degradation of e i t h e r  exchanger was observed. 
Either exchanger appears t o  be su i tab le  f o r  the  plant  tests. 

The objectives for  the experiment2 were To 

One hundred 

Duolite C-3 r e s i n  is  t h e  most su i tab le  exchangel" f o r  removal of 
cesium from Redox supernatant wastes. 
of a flowsheet were completed i n  an automatic column apparatus. 
The major d i f f i c u l t y  encountered w a s  p rec ip i ta t ion  of aluminum 
hydroxide i n  t h e  l i n e s  and exchanger. 
washes of e i t h e r  0.01 
t o  wash aluminate ions out of the  bed and a f t e r  e lu t ion  t o  wash 
the  ammqnlum carbonate (pH 9.4) out of t h e  bed. 
avoided by a 0.01 M NaOH wash following loading and a 2 
wash after elution; p r i o r  t o  reloading. 

Fourteen load-elute cycles 

To avoid t h i s  prec ip i ta t ion ,  
NaOH o r  2 NaOH were used after loading 

Prec ip i ta t ion  was 
NaOH 

"he cesium concentration of Redox supernatant wastes i s  so low t h a t  
it i s  b e n e f i c i a l  t o  recycle t h e  e lua te  from t h e  ion exchange column 
f o r  cesium removal t o  t h e  column feed t o  increase t h e  cesium con- 
centration. Thus, the  e lua te  from f i v e  column runs with Duolite C-3 
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and synthe t ic  Redox SX farm waste was boi led  t o  remove ammonium 
carbonate, and t o  concentrate t h e  cesium. The concentrate  was then 
added t o t h e  in f luen t  of a s i x t h  column run. 
capaci ty  and k i n e t i c s  of t h i s  s i x t h  run were decreased by about one- 
t h i r d ,  and the sodium t o  cesium r a t i o  i n  t h e  e lua t e  from t h e  column 
w a s  reduced t o  a s a t i s f a c t o r y  l eve l .  

The throughput 

F iss ion  Product Packaging 

Laboratory experiments were conducted t o  determine poss ib le  causes 
f o r  t h e  poor strontium loading on t h e  Linde 4A z e o l i t e  used i n  t h e  
fu l l - l eve l  Sr-90 packaging demonstration. 
experiments with a dupl icate  ca r t r idge  ind ica t e  t h a t  poor strontium 
loading may r e s u l t  when punping t h e  feed (0.2 
and 0.010 
is  qui te  probable t h a t  channeling occurred along with a considerable 
evolut ion of gas from the  bed of Linde 4A. Although much care  was 
taken t o  f i l l  t h e  ca r t r idge ,  t h e r e  i s  no assurance t h a t  t h e  bed i s  
packed t i g h t l y  enough t o  prevent channeling. The passage of gas 
bubbles upflow through & b e d  of zeo l i t e ,  which i s  not he ld  f i rmly 
i n  place,  i s  almost c e r t a i n  t o  cause channeling. 

The r e s u l t s  of t r a c e r  

N a + ,  0.035 Sr++, 
It Ca") upflow through an i n i t i a l l y  dry bed of 4A. 

Three experiments were run using the  dus l i ca t e  ca r t r idge  and the  
same l o t  of 14,x 30 mesh Linde 4 A  z e o l i t e  t h a t  w a s  used i n  the  full- 
l e v e l  demonstration run. 
i n  t h e  f i r s t  experiment. 
ca r t r idge  a t  600 C f o r  16 hours and allowed t o  cool. Considerable 
gas evolut ion occurred as t h e  feed passed through t h e  Linde 4A and 
strontium breakthrough exceeded 20 percent within two column volumes. 
The mount of strontium loaded through 30 l i t e r s  was la$ meq/g. 
A second run was made under t h e  same conditions except t h a t  t he  
Linde 4A had been soaked i n  water f o r  more than 5 days and loaded 
i n t o  t h e  bed w e t  with no subsequent drying. Some gas evolut ion 
also occurred i n  t h i s  run which was probably caused by i n s u f f i c i e n t  
deaerat ion of t h e  feed. Strontium breakthrough exceeded 5 percent 
within two column volumes. The strontium loaded through 30 column 
volumes was 2.0 meq/g. 
through wet Linde 4A at a somewhat slower flow r a t e  (10 cv/hr  ins tead  
of 12  cv/hr).  
column volumes. Strontium loading was 2.2 meq/g through 30 column 
volumes. 
treatment of t h e  4A i n  the  Cold Semiworks d id  not appear t o  have a 
s ign i f i can t  e f f e c t  on t h e  4 A  used i n  these  experiments. 

. 
' The feed was pumFed upflow through dry 4A 

The 4 A  had been previously d r i ed  i n  the  

On t h e  t h i r d  run feed was pumped downflow 

Breakthrough did not exceed 5 percent u n t i l  1 5  

The temperature i n  a l l  cases was 80 C. The p r i o r  hea t  

DECLASSIFIED 
I 1 0 3 5 5 2  



HW-77709 

. 

ScalinR of Titanium i n  Concentrator Service 

Titanium tube heat exchangers exhibi t  low heat t r a n s f e r  coef f ic ien ts  
after usefor  concentrating Purex acid waste solution. 
tests are underway t o  determine i f  t i tanium i s  more susceptible 
than s t a i n l e s s  s t e e l  t o  scal ing i n  these solutions.  
equipment (heat t ransfer red  t o  a solution i n  a r e f l u x  flask through 
a metal w a f e r  clamped t o  flask bottom) i s  used. 
Purex 1 W W  was refluxed i n  flasks having t i tanium o r  s tahless  s t e e l  
wafers as t h e  heat t r a n s f e r  medium w i t h  no apparent loss of heat 
t r a n s f e r  capabi l i ty  with t i m e .  
and 30 percent, the solut ions f a i l e d . t o  b o i l  through ti tanium wafers 
i n  24 and 12  hours, respectively.  
f o r  s t a i n l e s s  s t e e l  wafers i n  e i t h e r  solution. A six-mil-thick 
sca le  of what appears t o  be f e r r i c  sulfate formed i n  four days on 
t h e  t i tanium wafer boi l ing 30 percent concentrated 1WW. 
scale  on t h e  wafer boi l ing 20 percent concentrated 1 W W  w a s  l e s s  
than one m i l  thick.  Analyses t o  determine the scale  composition 
are i n  progress. Other experiments i n  which t i tanium wafers are 
boi l ing simulated 1WW periodical ly  but ted w i t h  addi t ional  f e r r i c  
sulfate are i n  progress. 

Laboratory 

Heat t r a n s f e r  

Simulated current  

When ref luxing 1WW concentrated 20 

No loss of heat t r a n s f e r  was noted 

A similar 

Loss of heat t r a n s f e r  capabi l i ty  has been noted i n  t i tanium heat 
transfer tube bundles i n  t h e  Purex waste back-cycle concentrator 
( H - 4 ) .  S i l i c a  i s  t h e  suspected scal ing agent i n  t h i s  case. 
Solutions s i x  and 10 molar i n  n i t r i c  ac id  and but ted per iodical ly  
wi th  sodium s i l i c a t e  or  preformed c o l l o i d a l  s i l i c a  are being boiled 
through ti tanium or  s t a i n l e s s  s t e e l  wafers (bulk metal temperature 
145 C ) .  Heat t ransfer  capabi l i ty  has been maintained i n  a l l  cases 
t o  date (30  days exposure) except one. 
but ted with preformed s i l i c a  was boiled through a t i tanium wafer. 
A s i m i l a r  experiment u t i l i z i n g  a t i tanium bayonet t o  provide a 
v e r t i c a l  instead of horizontal  surface is i n  progress. 

In  th i s -case ,  10 HH03 

S t r e s s  Corrosion Cracking of Mild S t e e l  

Stressed (bend beam) and notched specimens of mild steel ASTM A-283 
Grade C were exposed t o  50 w/o NaII03 a t  90 C with and without cathodic 
protection. 
were cracked after 30 days' exposure. Specimens cathodical ly  
protected (30 uamp/sq cm) have not cracked t o  date ( 5 5  days exposure) 
A potent ios ta t  which w i l l  permit cathodic protect ion experiments 
on l a r g e  ( 3  feet  by 3 f e e t )  weldments has been ordered. 

Both sgecimens exposed without cathodic protect ion 

. 

- -  
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Non-Me t a l l i c  Mat e r i  als 

Chemical compat ibi l i ty  t e s t s  ( i n  nine t y p i c a l  p lan t  so lu t ions )  were 
completed on e igh t  s i l i cone  rubbers and one each adduct, s tyrene,  
hypalon and na tu ra l  rubbers. 

A glove po r t  r i n g  attached t o  a 3/8-inch sheet of polymethylmethacrylate 
w i t h  shee t  metal screws i n  untapped holes was examined i n  polar ized 
l i g h t  f o r  s t r a i n  pat terns .  The r i n g  showed s ign i f i can t  s t r a i n  pa t t e rn  
bct  t h i s  was not a f fec ted  by the  screws. It appears t h i s  Vould be 
an acceptable method of a t tach ing  glove po r t  r ings  t o  hood panels. 

PROCESS CONTROL DEVELOPKEVI 

Chemical Compatibil i ty of Sc in t i l l a t i nK Glass 

A sample of  Nash and Thompson Type GS1 s c i n t i l l a t i n g  g l a s s  was t e s t e d  
i n  a 20 percent  TBP - 80 percent C C 1  so lu t ion  which had been equ i l i -  
b ra ted  with 60 percent HIJO and 98 pbrcent H2S0b. After  528 hours 
a t  50 C and 192 hours a t  rzom temperature the re  was no v i s i b l e  change 
i n  t h e  agpearance of the  g lass .  
HI?03. 

T h i s  same g la s s  d e v i t r i f i e d  i n  0.25 2 

Purex Canyon Instrumentation 

A new type of  jumper containing two e l e c t r i c a l  connectors and two 
spec ia l ly  designed coaxial  connectors w a s  successfu l ly  i n s t a l l e d  i n  
Purex E-Cell. 
by t h e  lack  of spare  e l e c t r i c a l  connectors and the  need f o r  remotable 
coaxia l  instrument connectors t o  permit i n s t a l l a t i o n  of e l ec t ron ic  
gear on t h e  co ld  s i d e  of t h e  canyon. I n  conjunctiop with t h e  jumper 
i n s t a l l a t i o n  a BF tube and pre-amplifier were i n s t a l l e d  t o  monitor 
plutonium concent la t ion i n  t h e  E-6 tank, which contains  feed f o r  t he  
first cycle  solvent  ex t rac t ion  ba t te ry .  

The j u q e r  was developed t o  a l l e v i a t e  problems caused 

A i r  Pulser  AmDlitude Control 

Development work on cont ro l  instrumentation f o r  t h e  a i r  pu l se r  i n  t h e  
new Plutonium Reclamation F a c i l i t y  w a s  concentrated on t h e  development 
of techniques.and instruments f o r  con t ro l l i ng  pulse  amplitude. 
i ng  up earlier work t o  evaluate  severa l  methods of b i d i r e c t i o n a l  
flow measurement, s tud ie s  have been made of t h e  accuracies  a t t a i n a b l e  
with the  var ious instrumentation systems. C i rcu i t  design and t e s t i n g  
have demonstrated t h a t  t he  average value of an i r r e g u l a r  pressure 
valve can be determined t o  an accuracy of about one percent.  Using a 
s t r a i n  gage flow meter the  pulse  amplitude-frequency product can be 

Follow- 

@ 1. . 
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controlled within two percent. 
amplitude can be controlled to 2 15 percent. 
be expected with careful circuit design; however, control of ampli- 
tude is inherently less accurate than that of the amplitude-frequency 
product, due to the change in wave shape with both amplitude and 
frequency. 

With frequency compensation, pulse 
Some improvement can 

Testing of a diaphragm-type differential pressure cell under con- 
ditions expected to yield a signal relating to the amplitude- 
frequency product actually gave results more nearly correlated with 
the square of product. 
to mass acceleration in the measuring system. 
the D/P cell to the orifice is expected to reduce or eliminate this 
effect. 

Analysis indicates that this effect is due 
Close coupling of 

Remote Weight Indicator and Alarm 

Instrumentation for monitoring the accumulation of plutonium oxalate 
in the button line hood during the filtration step has been developed 
and tested. Circuitry was designed to read out the weight of oxalate 
collected on a tray supported by a cantilever beam. Deflection of 
the beam is measured with a linear variable differential transformer. 
The transformer output is fed to a magnetic amplifier whose output 
drives a contact neter relay. 
accumulated oxalate and has an adjustable alarm level. 
scaie span of the device can be selected in the range of 0.5 to 5 kg. 
The completed system is not ready for plant installation. 

Advanced Trocess Control Development 

The neter indicates the weight of 
The f u l l  

The program directed toward development of a mathematical model of 
the C-Column progressed to the point where all scheduled runs of 

correlations are underway to check the adequacy of the data and to 
determine the values of the model parameters. 
column and associated instrumentation for demonstration of on-line 
computer control have been initiated. Based on present schedules, 
this phase of the work should be completed well ahead of the 
estimated delivery date of the process control computer. 

' -  the eGerinenta1 column have been comgleted. Detailed analyses and 

Adaption of the 

A detailed investigation was made of an apparent discrepancy 
between product stream (ICU) uranium analyses made by the mid-column 
photometer and by the gamma absorptiometer. The photometer analysis 
is made at a point in the column between the feed plate and the ICU 
exit; the absorptiometer sample is taken external to the column. 
The difference in uranium concentration is real and can be readily 
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explained by a revision i n  t h e  model which allows f o r  mass t r ans fe r  
between phases i n  t h e  region below t h e  feedplate. 
s ign i f icance  of t h i s  e f f e c t  i s  being explored, i n  terms of optimum 
feed poin ts  and e f f luen t  stream take-off loca t ions  a t  both t h e  top 
and bottom of t h e  column. 
inves t iga te  t h i s  phenomenon, and t o  compare t h e  results with those 
obtained by another investigator1 under similar feed conditions, 

The p r a c t i c a l  

A computer program has been wr i t t en  t o  

1. Miyauchi, Ind. Eng. Chem. Fund. 2 #2 (May 1963) p. 113. 
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9. 

REACTOR DEVELOPI.dEIEIJT - 04 PROGRAM 
PLUTOIWM RECYCLE PROGRAM 

S a l t  Cycle Process 

Chlorine Liquefact ion S tudies  - Projec ted  reprocess ing  of 15-day- 
cooled PRTR type  f u e l  elements by t h e  S a l t  Cycle Process  y i e l d s  
an off-gas stream laden with ch lo r ine  and iodine-131. 
off-gas t rea tment  method inc ludes  a c a u s t i c  scrubber  which gener- 
ates a l a r g e  volume of c a u s t i c  waste so lu t ion .  
on an a l t e r n a t i v e ,  low-temperature l i q u e f a c t i o n  (-100 C )  method 
which o f f e r s  t he  p o s s i b i l i t y  of e f f i c i e n t  iodine-131 removal, 
a l lows reuse  o f  t h e  ch lor ine ,  and hopefu l ly  w i l l  r e s u l t  i n  
n e g l i g i b l e  waste volume. 

The p resen t  

Study has commenced 

Two experiments have been completed on t h e  l i q u e f a c t i o n  of ch lo r ine  
from a ch lo r ine -a i r  mixture. 
min and a i r  a t  100 ml/min were passed through a small cold-f inger  
t r a p  immersed i n  a dry ice-acetone ba th  (-78 C ) .  
c h l o r i n e  l i q u e f i e d  was 96 percent  of t h e  t o t a l  passed through t h e  
t r a p  and 99.5 percent  of t h e  t o t a l  poss ib l e  a t  t h e  temperature 
employed as determined by vapor pressure  cons idera t ions .  

I n  t h e  second run a 50 percent  ch lo r ine  - 50 percent  a i r  stream was 
passed a t  f o u r  l i t e r s  p e r  minute through a modified 15 lb .  ch lo r ine  
cy l inde r  immersed i n  a d ry  ice-trichloromonofluoromethane batch 
(-78 C). The t h e o r e t i c a l  recovery of ch lo r ine  a t  t h e  above tempera- 
ture and flow rate i s  92.5 percent .  The a c t u a l  recovery was a t  
least 80 percent  bu t  no t  more than  88 percent  based on a ma te r i a l  
balance us ing  an a n a l y s i s  of a c a u s t i c  sc rub  s o l u t i o n  i n  t h e  e x i t  
l i n e .  The l i q u e f i e d  ch lo r ine  was r e t a i n e d  i n  t,he c y l i n d e r  f o r  
fou r  days without  leakage before  discharge,  reaching  a pressure  of  
125 p s i g  a t  27 C ( c h l o r i n e  vapor pressure  a t  27 C is  100 p s i g )  
poss ib ly  i n d i c a t i n g  t h e  presence of d isso lved  air. 

I n  the f i r s t  run c h l o r i n e  a t  300 ml/ 

The amount of 

.:$ .a " 

. .  

CrUShinK and S iz ing  of E l e c t r o l y t i c  UOp - A commercial p a i n t  con- 
d i t i o n e r  was modified and tested i n  t h e  dua l  r o l e  of s i e v e  shaker 
and pu lve r i ze r .  The shaker w a s  t e s t e d  wi th  -3 +200 mesh UO? feed  
and a s t a c k  of t h r e e  8-inch-diameter s ieves .  Proper ope ra t ion  i n  
15 minutes was achieved only a t  200 shakes p e r  minute wi th  no 
p a r t  of t h e  s i e v e s  on t h e  c e n t e r l i n e  of t h e  r o t a r y  shaking motion. 
A t  100 shakes p e r  minute many small p a r t i c l e s  remained on t h e  t o p  
s i e v e  and a t  400 shakes p e r  minute t h e r e  was degrada t ion  of  the 
l a r g e s t  p a r t i c l e s .  A 30-minute pu lve r i ze r  run was made a t  1610 
shakes p e r  minute i n  a p i n t  conta iner  loaded wi th  s t e e l  b a l l s  
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and a feed  o f  one pound -3/4 inch +1/2 inch  U 0 2  p a r t i c l e s .  
product cons i s t ed  of 51 percent  -200 mesh m a t e r i a l  wi th  no p a r t i c l e s  
l a r g e r  than  28 mesh. 

The 

Fuel  Processing Economic Study - A comparison of t he  r e l a t i v e  
economics of close-coupled S a l t  Cycle f u e l  reprocess ing  wi th  
c e n t r a l  p l a n t  reprocessing was repor ted  las t  month f o r  t h e  case 
of a graded f u e l  cyc le  r e a c t o r  opera t ing  wi th  a 14,500 MWD/T f u e l  
exposure. E f f o r t s  have s i n c e  been devoted t o  extending t h i s  com- 
par i son  t o  h igher  f u e l  exposures (up t o  40,000 M'a/T) t o  eva lua te  
t h e  e f f e c t  of t h e  f u e l  exposure parameter on t h e  r e l a t i v e  f u e l  
cyc le  c o s t s  f o r  t h e  two reprocess ing  concepts and t o  enable  a 
comparison a t  optimum exposure i n  each case.  

These computations have been completed f o r  t h e  c e n t r a l  p l a n t  cases  
and i n d i c a t e  optimum f u e l  exposures around 35,000 MWD/T f o r  t h e  
l ea sed  uranium cases  and around 30,000 MWD/T f o r  t h e  purchased 
uranium cases .  The f u e l  cyc le  cos t  was decreased anywhere from 
0.15 t o  0.5 mills/kwh a t  optimum f u e l  exposure. These optimums 
were ca l cu la t ed  assuming cons tan t  f u e l  f a b r i c a t i o n  c o s t s .  
co r rec t ion  was est imated f o r  increased  f a b r i c a t i o n  charges with 
increased  exposure and t h i s  r e s u l t e d  i n  reducing optimum exposures 
about 5000 MWD/T and increas ing  t h e  minimum f u e l  cyc le  c o s t  a t  
optimum exposure from 0.1 t o  0.2 mills/kwh. 

A 

The computations f o r  t h e  close-coupled, S a l t  Cycle cases  were 
h a l t e d  t o  modify t h e  computer program t o  handle a wider range of 
make-up uranium enrichments. 
and t h e  program should be ready f o r  use again e a r l y  next  month. 

This modi f ica t ion  i s  nea r ly  completed 

S a l t  Cycle Flowsheet S tudies  - Laboratory s t u d i e s  of t h e  parameters 
governing t h e  prepara t ion  of UO -PuO s o l i d  s o l u t i o n s  by e l ec t ro -  
codeposi t ion from chlor ide  melts h a d  continued. 
enrichment f a c t o r  of 40, with a promethium decontamination f a c t o r  
of 6 (plutonium basis),  has  now been achieved, wi th  t h e  prepara t ion  
of a depos i t  conta in ing  23 weight percent  h 0 2 .  I n  t h i s  run, a 
plat inum cathode was used a t  a cu r ren t  dens i ty  of 0.05 amp/cm2; 
t h e  melt  was L i C 1 - K C 1  a t  575 C; and a 50 percent  O2 - 50 percent  
C12  sparge was used. Even though some of t h e  depos i t  f e l l  from 
t h e  platinum, over 50 percent  of t h e  plutonium was removed from 
t h e  m e l t .  

From t h e  observat ions t o  da t e ,  it appears i nc reas ing ly  c e r t a i n  t h a t  
t h e  r e a c t i o n  proceeds v ia  t h e  formation of p lu tonyl (  V-VI )  spec ie s  
as a r e s u l t  of r e a c t i o n  wi th  t h e  oxygen-chlorine sparge gas. These 
penta- and hexa-valent plutonium spec ies  may then  be ca thod ica l ly  

2 A plutonium 
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reduced, along with 
control of the PuO, 

uranyl(VI), to form the codeposit. 
enrichment in the deposit requires regulation 

Obviously, 

of the relative rages of Pu02 and U02 deposition-on the cathode. 
One such means of regulation is through the current density, since 
changes in current density have a much greater effect upon the 
rate of deposition of UO 
enrichments have been acheved at the lowest current densities. 
The Pu02 deposition rate is closely linked with those variables 
which influence the rate and extent of oxidation of plutonium to 
the plutonyl(V-VI) states. These variables (chloride activity of 
the melt, temperature, oxygen/chlorine ratio in the sparge, cell 
geometry, etc.) interact with each other, and have limits imposed 
upon them by other considerations, to the point that it is diffi- 
cult to generalize about their effect, 
deposition reaction is promoted by increasing the oxygen congent of 
the sparge gas, at least to the point at which PUO 
by chemical action. The critical oxygen/chlorine gatio depends 
upon the melt composition, being lower in KCl-2.5 LiCl than in 
KC1-LiC1, for example. Plutonium enrichment in the deposit increases 
with temperature, apparently up to the temperature at which inter- 
ference from chemical reaction involving the graphite anode 
becomes excessive (625 C for the LiC1-KC1 system). Plutonium 
enrichment has been found to be greater on the side of the cathode 
nearest the anode, and is strongly affected by the quality of 
the graphfte anode, deposits obtained in runs in which the anode 
disintegrated having PuO contents about half those of normal 
deposits. - U02 solid solution 
compositions by electro-codeposition, ratger careful choice and 
control of the conditions will be required. 

than of Pu02. Arcordingly, the highest 

For example, the P u O  

precipitates 

Thus it is evgdent that, although the way appears open 
’ for the production of a wide range of P u O  

In the course of this study, the following samp,les of Pu02 - U02 
were prepared for use in in-reactor fuel tests: 

1. 580 grams, ranging from 0.34 to 0.95 w/o PuO 
0.53 w/o. The target was 0.5 w / o .  

and averaging 2 

2. 110 grams, ranging from 1.72 to 3.40 w/o PuO 
about 2.7 W / O .  The target was 5 w/o, but PU8, precipitated, 
resulting in poor efficiency and a poor deposit. 

475 grams, not yet assayed, 

and averaging 

3.  The target was 2.5 w/o. 

Chloride Contamination in Electrolytic UO - During the month, 
increased attention has been given to the‘problems of measuring 
and reducing the extent to which electrolytic U02 is contaminated 

I 1 0 3 5 5 4  



c-20 

wi th  ch lor ide .  
v i a  t h e  coulometric t i t r a t i o n  of  ch lor ide  ion  with s i l v e r  ion,  
u s ing  an amperometric i nd ica t ion  of t h e  end-point. Prel iminary 
r e s u l t s  i n d i c a t e  t h a t  t h e  method should g ive  reasonably good r e s u l t s  
f o r  as l i t t l e  as 8 ppm ch lo r ide  i n  s o l i d  UO 
concent ra t ions  should be capable of an a c c J a c y  of  ,+ 5 percent .  

The ch lo r ide  determination problem has been a t tacked  

and a t  somewhat higher  

One test  has been made of a pyrohydrolysis technique f o r  t h e  removal 
o f  ch lo r ide  from U02. 
U02,  a three-hour t reatment  wi th  a 4 percent  H20, 5 percent  H2, 
91 percent  N2 gas mixture a t  950 C reduced the  ch lo r ide  conten t  
from a l e v e l  of  1000 t o  125 ppm. 

Using unwashed, -150 +200 mesh e l e c t r o l y t i c  

Electrochemistry of U r a n i u m  i n  Molten Chloride S a l t  So lu t ions  - Recent 
r e c e i p t  of a n a l y t i c a l  d a t a  has made it poss ib l e  t o  c a l c u l a t e  add i t iona l  
thermodynamic values  f o r  t h e  r eac t ion  

uo2 + C 1 2  = U02C12. 

The va lues  o f  t h e  f r e e  energy change f o r  var ious  sa l t  systems con- 
t a i n i n g  0.1 molal U 0 2 ( V I )  are t abu la t ed  below, i n  a form which 
r e f l e c t s  t he  e f f e c t  of t h e  melt composition: 

Melt Composition AG57' ( k c a l )  AG670 ( k c a l )  

0.42 K C 1  - 0.58 L i C l  
0.50 K C 1  - 0.50 L i C l  
0.26 N a C l  - 0.74 L i C l  
0.50 IJaCl - 0.50 K C 1  -- 

-24.8 
-25.8 
-18.9 

-- 
-24.2 

-26.3 
-18.2 

It was r e c e n t l y  r e a l i z e d  t h a t  i nco r rec t  values  of {S and AH had 
been r epor t ed  f o r  t h i s  r e a c t i o n  i n  previous monthly r e p o r t s  (Apr i l ,  
August, and December, 1962). 
and t o  provide an up-to-date summary of t h e  thermodynamic d a t a  
accumulated t h u s  fa r ,  as ca l cu la t ed  f o r  1.0 molal U02C12, t h e  follow- 
i n g  table  i s  provided: 

I n  order  to c o r r e c t  t h i s  s i t u a t i o n  

Melt Composition T°C - AG ( k c a l )  AS (e.u.1 AH ( k c a l )  

0.42 KC1 - 0.58 L i C l  550 -25.1 -14 2 -36 8 
0.50 KC1 - 0.50 L i C l  550 -26.2 -15 3 -38.8 
0.26 N a C l  - 0.74 L i C l  670 -17 9 -10.1 -27.4 
0.50 NaCl - 0.50 K C 1  720 -25.9 -15.8 -41 6 

It is apparent  from t h e  r ev i sed  values  t h a t  previously-drawn con- 
c lus ions  t h a t  uranyl(V1) complexation decreases  with inc reas ing  
uranyl(V1) concent ra t ion  are no longer  va l id .  
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Chronopotentiometric s tud ie s  of t he  e lec t roreduct ion  of UO ( V I )  
have been made i n  various melts t o  determine whether o r  no$ t h e  
reduct ion mechanism and the  d i f fus ion  proper t ies  of UO (VI) change 
with melt composition. 

it i s  i n  NaC1-KC1 a t  713 C; a t  650 C i n  NaC1-LiC1,  it i s  about 
three-fourths  what it i s  i n  K C 1 - L i C 1  ( e u t e c t i c )  a t  the same tempera- 
tu re .  The r eac t ion  appears t o  be r eve r s ib l e  and d i f fus ion  cont ro l led  
a t  temperatur s above about 550 C and at U02(VI) concentrat ions above 
about 6 x loJ  molal. 

The d i f fus ion  coe f f i c i en t  f o r  $he UO ( V I )  
species  i n  NaC1-LiC1 a t  704 C was found t o  be about two-thir $ s what 

Preparation of UOS - Three samples of mixed UOS and &US2 were 
prepared by p rec ip i t a t ion  from a chlor ide  melt. These samples 
have s ince 'been  washed w i t h  d i l u t e  H C 1  so lu t iqn  i n  an e f f o r t  t o  
remove t h e  8-US . X-ray d i f f r a c t i o n  pa t t e rns  of t h e  washed samples 
ind ica t e  t h a t  tge  treatment was successful  i n  producing c r y s t a l l i n e  
UOS uncontaminated w i t h  e i t h e r  8-US2 o r  U02. 

RADIOACTIVE RESIDUE PROCESS~NG 

Eighteen-Inch Radiant-Heat %ray Calciner 

During t h e  month s i x  runs were made i n  t h e  Cold Semiworks r eac to r  . 
t o  (a )  produce powder product f o r  an t i c ipa t ed  corrosion t e s t i n g  
s tud ie s ,  and ( b )  continue evaluat ion of column capac i ty  and f i l t e r  

. blow-back arrangement. 

Two shor t  runs of about 120 l j t e r s  each were run with ( a )  simulated 
neu t r a l i zed  waste with 150 g/ll sugar added, and (b)  a c i d i c  waste 
ad jus ted  with phosphoric ac id ,  calcium ion and add i t iona l  sodium 
ion t o  produce a phosphate melt. . 

be used i n  s tud ie s  on mater ia l s  of construct ion.  
Powders from these  runs w i l l  

I n  the  run w i t h  neut ra l ized  waste the  sugar addi t ion  was s u f f i c i e n t l y  
low t h a t  oxidizing condi t ions were maintained i n  the r eac to r  i n  
order  t o  avoid the  suspected condi t ions f o r  r ap id  corrosions due 
t o  su l f ida t ion .  Very few w a l l  deposi ts  were noted although the  
deposi t ion of powder on the  f i l t e r  elements was not removed by t h e  
pulse  blow-back condi t ions used. 
blow-back pressure would have been s a t i s f a c t o r y  as t he  powder 
was completely removed by blow-back on cooling. 

It i s  an t i c ipa t ed  t h a t  a higher 

I n  t h e  o the r  shor t  run, phosphate, calcium and sodium were added 
t o  simulated ac id i c  FTW such as t o  s a t i s f y  t h e  following r a t i o s  
Ca/SOq = 0.8; Na/(Fe + Al) [normality] = L O ;  POq/(Na + Fe + Al) 
[normality] = 1.3. 
atomized without inc ident  a f t e r  i n i t i a l  d i f f i c u l t y  with p a r t i a l  

The r e s u l t a n t  feed w a s  a slurry which was 
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c a l c i n a t i o n  i n  t h e  nozzle due t o  excessive prehea t ing  of  t h e  feed. 
The gowdcr product melted t o  a free flowing l i q u i d  below 950 C. 
Weight l o s s  on melt ing (probably r e s u l t i n g  from d r iv ing  off s u l f a t e )  
was less than  two percent.  S u l f a t e  i n  condensate was less  than  0.02 
percent .  S o l u b i l i t y  and s t r u c t u r e  ( g l a s s  vs.  mic roc rys t a l l i ne  ) have 
not  been evaluated.  

A run a t  25 gph was made wi th  an external-mix nozzle and runs  a t  20 
and 25 gph were made with an internal-mix nozzle.  
t h e  h ighes t  rate obtained as y e t  i n  the r eac to r .  
both types o f  nozzle was s a t i s f a c t o r y  although t h e  bui ldup of powder 
on t h e  w a l l  was less  w i t h  t h e  internal-mix nozzle  as ind ica t ed  by 
t h e  s t a b i l i t y  of t h e  var ious i n t e r n a l  temperatures.  
was a l s o  merkedly l e s s  [steam t o  feed  weight r a t i o  = 0.25 ( i n t e r n a l -  
mix) and 0.43 (external-mix)] and consequently t h e  f i l t e r  pressure  
drop was less  [12 VS. 18 i n .  water]. With t he  present  arrangement 
of thernocouples it is not poss ib l e  t o  d e t e c t  p r e c i s e l y  t h e  poin t  a t  
which t h e  column becomes overloaded. However, o u t l e t  . temperatures 
of gas were a t  about 225 C and it seems un l ike ly  t h a t  capac i ty  
could be increased  very much above t h e  25 gph rate. 

These represent  
Operation with 

Steam consumption 

One run a t  about 1 2  gph was continued f o r  24 hours,  t h e  l i m i t  of 
p resent  feed tank  capaci ty .  
behavior of  t h e  f i l t e r  blowback system. Pressure drop i n i t i a l l y  
plateaued a t  10 in .  water bu t  then  s t a r t e d  climbing a f t e r  12  hours 
and reached a value of 17. i n .  water f o r  t h e  las t  t h r e e  hours.  Super- 
heated steam a t  40 ps ig  was used f o r  blow-back. 
steam a t  the  end of t h e  run reduced the  p res su re  drop t o  15  in .  
water. The v e n t u r i s  on t h e  blow-back assembly are being altered t o  . 
conform wi th  the conf igura t ion  of t h e  more favorable  v e n t u r i  design 
of two of t h e  e x i s t i n g  a r rays .  
run was t h e  very  small amount of w a l l  depos i t s  (agglomerates) noted 
i n  t h e  powder product. 
e s s e n t i a l l y  cons tan t  throughout t h e  runs with very l i t t l e  a t t e n t i o n  
being r equ i r ed  t o  maintain stable opera t ion .  

P r i n c i p a l  purpose was t o  observe 

The use of  60 ps ig  

One notab le  observat ion during t h e  

Operating temperatures  and condi t ions  remained 

Waste Calc ina t ion  Instrumentat ion 

It w a s  p rev ious ly  repor ted  t h a t  spaced thermocouples can i n d i c a t e  
po t  powder l e v e l s  by means o f  t h e  temperature drop which r e s u l t s  
when cooler  powder covers a thermocouple. It has been found t h a t  
t h i s  technicue i s  not  adaptable  f o r  m e l t  l e v e l  measurement. The 
d i f f i c u l t y  seems t o  be t h a t  an  i n s u f f i c i e n t  d i f f e rence  i n  temperature 
e x i s t s  between the melt  i t se l f  and powder which f l o a t s  on t h e  m e l t  
and i s  about t o  fuse.  
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E l e c t r i c a l  conductivity was inves t iga ted  as a melt l e v e l  de tec t ion  
method because previous fused sa l t  work and handbook data had 
ind ica ted  t h a t  fused salt r e s i s t i v i t i e s  a r e  on t h e  order  of 0.1 
ohm - cm. This value would y i e l d  adequate s e n s i t i v i t y  f o r  melt 
l e v e l  detect ion.  The simulated ca l c ine r  product powder obtained 
from the rad ian t  spray ca l c ine r  had a r e s i s t i v i t y  of about 1 ohm - 
cm which, although 10 t imes the  pred ic ted  fused sa l t  value,  w i l l  
provide adequate s e n s i t i v i t y  f o r  use as a melt l e v e l  ind ica t ion .  
Development work t o  da te  ind ica t e s  t h a t  each l e v e l  de t ec t ion  method 
i s  s p e c i f i c  i n  t h a t  thermocouples w i l l  i nd ica t e  only powder l e v e l  
and conduct ivi ty  probes w i l l  i nd ica t e  only melt l e v e l .  

N l - L e v e l  P i l o t  Plant  Calcination Studies  

Analyt ical  work was completed on two pot runs repor ted  las t  month 
(#14 and #l5) and v e r i f i e d  e a r l i e r  conclusions,  i . e . ,  t h a t  t h e r e  
w a s  a l a r g e  cesium carry-over i n  t h e  high-sodium-nitrate run and 
t h a t  calcium w a s  a t  least as e f f e c t i v e  as magnesium i n  preventing 
s u l f a t e  v o l a t i l i z a t i o n .  

t i l i z e d  o r  whether it reached t h e  condensate v i a  a boi lover  

apparent boi lover  occurred i n  run #i6, but  cesium was observed i n  
the  condensate and off-gas p a r t i c u l a t e  sampler during t h e  high 
temperature heat ing phase of t h e  run. 
the  above samples which shows t h a t  no gross  boi lover  occurred. 
f a c t  t h a t  cesium was picked up on t h e  f i l t e r  samplers and t h e  
Ebsolute f i l t e r s  suggests t h a t  it came over i n  a p a r t i c u l a t e  form, 
although v o l a t i l i t y  i s  not ru led  out.  "his p a r t i c u l a t e  could have 
r e su l t ed  i n  t h e  f i n a l  drying o r  ca lc in ing  of the  aqueous l i q u i d  
o r  t h e  m e l t  which was enriched i n  cesium because of t h e  higher 
s o l u b i l i t y  of cesium sal ts  r e l a t i v e  t o  t h e  o ther  f i s s i o n  products. 
The t o t a l  amount of  cesium evolved from t h e  pot i n  run #16 was 
small and e s s e n t i a l l y  none penetrated the absolute  f i l t e r s  i n  the  
off-gas t r a i n .  
carryover r e s u l t s  during high sodium n i t r a t e  waste ca l c ina t ion  
and t h a t  the l a rge  carryover i n  run #14 w a s  caused almost e n t i r e l y  
by boilover. 

A pot run, #16, was made dupl ica t ing  
. r u n  #14 i n  an attempt t o  determine whether cesium a c t u a l l y  vola- 

. assoc ia ted  w i t h  plugging of t he  off-gas l i n e .  No plugging o r  

No cerium w a s  de tec ted  i n  
The 

R u n  #16 has shown t h a t  a small amount of  cesium 

The non-radioactive 8-inch diameter by 10-foot t a l l  spray ca l c ine r  
has been repa i red  and returned t o  se rv i ce  f o r  p i l o t i n g  of runs 
proposed for the  hot-cel l  un i t .  
sugar-containing ac id i c  and a lka l ine  Purex waste t o  study corrosion.  
Although metallographic examination of corrosion coupons i s  not  
complete, no ca tas t rophic  corrosion was observed and it i s  now 
thought tha t  the  l eak  i n  t h e  in-ce l l  ca l c ine r  was probably due t o  

Several  runs were made w i t h  
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a b r i t t l e  weld. E f fo r t s  t o  c a l c i n e  a t a r t r a t e  complexed, a l k a l i n e  
Purex waste ( p l u s  sugar)  were less successfu l  than  wi th  sugar  alone. 
Apparently t h e  tartrate complex resists py ro lys i s  and tends  t o  
r e s u l t  i n  "tars" i n  t h e  nozzle  and unreacted organics  i n  t h e  
product. 
c u l t y  e i t h e r  i n  t h e  small hot -ce l l  c a l c i n e r  o r  i n  t h e  l a r g e  321 
Building u n i t ,  would appear p re fe rab le  t o  use of tartrate. 

Pumping and atomizing a s l u r r y ,  which has given no d i f f i -  

Exchanger P rope r t i e s  

Work continued on t h e  z e o l i t e  b inary  equi l ibr ium systems. 
a c t i o n  quo t i en t s  of univalent-divalent ,  un iva len t - t r iva l en t ,  and 
d iva len t -d iva len t  systems have been co r rec t ed  f o r  s o l u t i o n  a c t i v i t i e s  
and are i n  the process of being cor rec ted  w i t h  zeo l i te -ca t ion  
a c t i v i t y  coe f f i c i en t s .  
o f  several thermodynamic exchange cons tan ts .  

A quan t i ty  of  K2CoFe(CN) was synthesized,  X-ray d i f f r a c t i o n  
p a t t e r n s  of  t h i s  materia4 were i d e n t i c a l  t o  a sample of K2CoFe(CN)6 
obta ined  from the  Savannah River Laboratory. 
of t h e  t w o  materials were i d e n t i c a l  a t  about 2.0 meq/g. 
equilibria i n  a potassium-cesium system was determined. 
cesium loadings  of g r e a t e r  than  10 percent ,  cesium s e l e c t i v i t i e s  
were no b e t t e r  than  seve ra l  of t h e  z e o l i t e s .  Below 10 percent  
cesium loading ,  however, K2CoFe( C 3 )  w a s  more cesium-selective,  
e s p e c i a l l y  i n  a c i d  so lu t ions .  The f&CoFe(CB)6 tended t o  be un- 
stable i n  b a s i c  so lu t ions .  The above behavior suggests  t h a t  
K$2oFe(CIJ)6 would be of l i t t l e  value f o r  a rad io iso tope  packaging 
media, bu t  could be of i n t e r e s t  f o r  cesium e x t r a c t i o n  from some 
waste so lu t ions .  

Mass 

The r e s u l t s  will enable  t h e  determinat ion 

Ion exchange c a p a c i t i e s  
The 
A t  K2CoFe( C N l 6 .  

Condensate Treatment 

I n s t a l l a t i o n  of  t h e  engineer ing s c a l e  steam s t r i p p e r  and a s soc ia t ed  
equipment w a s  completed except f o r  t r i m  i n  t h e  feed flow c o n t r o l  
valve.  The equipment was s a t i s f a c t o r i l y  operated (manually con- 
t r o l l i n g  the flow r a t e )  us ing  d i s t i l l e d  water as feed. The 5000 
ga l lon  t ank  t ra i le r  was received.  
made t o  the o u t l e t  p ip ing  t o  improve o p e r a b i l i t y  before  p l ac ing  
it i n  service. 

Minor modif icat ions w i l l  be 

E l e c t r o s t a t i c  Bubble Scrubber 

S tud ie s  cont inued of t h e  parameters c o n t r o l l i n g  e l e c t r o s t a t i c  charging 
and depos i t ion  of 0.3 p p a r t i c l e s  on dry  c o l l e c t o r s  and onto  bubbles 
formed from air  conta in ing  t h e  charged aerosol .  Experiments were 
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c a r r i e d  out  which demonstrated t h a t  t he  f r a c t i o n  of p a r t i c l e s  col-  
l e c t e d  i n  t h e  p a r t i c l e  charging sec t ion  increased with charging 
cur ren t .  
r ead i ly  deposited i n  a simple c o l l e c t o r  held at  t h e  p o t e n t i a l  of 
t h e  charger ,  supporting the  conclusion t h a t  a l l  o r  very near ly  a l l  
p a r t i c l e s  were charged with the  system used. When t h i s  charging 
sec t ion  was used i n  connection with t h e  bubble scrubber,  a l a rge  
f r a c t i o n  of t hese  p a r t i c l e s  f a i l e d  t o  be co l l ec t ed  on t h e  bubble 
w a l l .  
through t h e  scrubber, were found t o  r e t a i n  some charge. 
shown by t h e i r  e f f i c i e n t  deposi t ion i n  an e l e c t r i c  f i e l d  a f t e r  
having passed through t h e  scrubber. 

Tests  of -scrubbing  e f f i c i ency  were made with conducting and non- 
conducting o r i f i c e  p l a t e s  used f o r  forming the  bubbles. A b rass  
s ieve  p l a t e  with 0.016-inch holes y ie lded  higher  e f f i c i e n c i e s  than 
a similar a c r y l i c  p l a s t i c  p l a t e .  
holes  gave higher scrubber e f f i c i e n c i e s  than  a b ras s  p l a t e  w i t h  
0.032-inch holes.  
advantage of t h e  smaller o r i f i c e s  was not apparent.  

P a r t i c l e s  not re ta ined  i n  t h e  charging sec t ion  were 

Some 98 t o  99+ percent of t h e  p a r t i c l e s ,  af ter  passing 
This was 

The b ras s  p l a t e  with 0.016-inch 

A t  t h e  higher charging cur ren ts ,  however, t he  

Making t h e  so lu t ion  conducting with sodium hydroxide d id  not change 
t h e  scrubbing ef f ic iency .  

Tests  of a s ing le  o r i f i c e  scrubber w i t h  a needle corona charger 
o r i en ted  c e n t r a l l y  with and near t o  t h e  o r i f i c e  were made f o r  
s eve ra l  l i q u i d  depths. The scrubber was 98 t o  99.9 percent e f f i c -  
i e n t .  
of p a r t i c l e s  deposited on t h e  back sur face  of the o r i f i c e  used w a s  
not measured i n  these  t e s t s .  
from the  corona region onto t h e  forming bubble sur face  does give 
high removal e f f i c i e n c i e s  i n  the  ensuing passage of the  bubble 
through the  l i qu id .  

The e f f i c i ency  did not  depend on l i q u i d  depth. The f r a c t i o n  

E l e c t r o s t a t i c  deposi t ion d i r e c t l y  

Columbia River Sediment S tudies  

A r i v e r  sediment core sampler was designed, f ab r i ca t ed  and t e s t e d  
which w i l l  f a c i l i t a t e  obtaining sediment samples from t h e  Columbia 
River. The sampler is 6 inches i n  diameter and can take  cores up 
t o  about t h r e e  f e e t  i n  length.  It incorporates  a l i q u i d - f i l l e d  
p l a s t i c  b a l l  which operates  as a b a l l  check valve,  allowing the  
sample t o  e n t e r  without r e s t r i c t i o n  and then  sea l ing .  
t h e  seal during withdrawal of t h e  sampler from t h e  r i v e r  bed, a 
vacuum is drawn i n  the  space between t h e  sample and t h e  b a l l ,  
This e f f e c t i v e l y  prevents any washing of t h e  sample during t h e  
t r i p  t o  t h e  r i v e r  surface.  The l a r g e r  diameter cores  provide 
l a r g e r  samples su i t ab le  f o r  more s e n s i t i v e  analyses.  

To maintain 
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TERRESTRIAL ECOLOGY - EARTH SCIENCES 

Hydrology and Geology 

The e l e c t r i c a l  anelog g r i d  spacing formulation made last  month was 
modified, and t h e  programming needed f o r  func t iona l  eva lua t ion  i s  i n  
progress . '  This  study w i l l  y i e l d  information on t h e  e r r o r  introduced 
by going t o  unequal g r i d  spacings (warping) on t h e  three-dimensional 
r e s i s t a n c e  network. 

Rather s i g n i f i c a n t  progress  was made i n  obta in ing  an i n t e g r a l  expres- 
s ion  f o r  t h e  permeabi l i ty  a long a s t reaml ine  as a func t ion  of 
ground-water p o t e n t i a l ,  4 .  
involves  i n t e g r a t i o n  along a s t reaml ine  commencing a t  a po in t  of 
known permeabi l i ty ,  KO, ( a s soc ia t ed  with +o) and ending a t  4 t o  
ob ta in  t he  permeabi l i ty ,  K,  a t  t h a t  po in t .  The equat ion provides 
t h e  r e l a t i o n s h i p  needed t o  deduce the  permeabi l i ty  d i s t r i b u t i o n  from 
t h e  measured p o t e n t i a l  d i s t r i b u t i o n  and t h e  boundary condi t ion  i n  
permeabi l i ty .  

The r e s u l t i n g  mathematical expression 

Improvements were made i n  t h e  Am-241 s o i l  column moisture  de t ec t ing  
el'e'ctronic sy-stem t o  lower t h e  background count and achieve b e t t e r  
s t a b i l i t y .  I n  a 2-inch I . D .  Luci+,e cy l inde r  wi th  a w a l l  th ickness  
of l /k-inch, t h e  degree of s o i l  s a t u r a t i o n  can be measured t o  f 1 
percent  expressed on a pore-volume b a s i s .  
moisture  conten t  (gamaa r a y  a t t enua t ion )  w i l l  permit t h e  measurement 
of permeabi l i ty ,  c a p i l l a r y  pressure ,  and moisture conten t  t o  be 
determined i n  t h e  l abora to ry  from a s ingle-s tep  opera t ion  rather than  
a two-step operat ion;  

A modified method f o r  i n s t a l l i n g  piezometer tubes  i n  wells i s  being 
eva lua ted  t h e o r e t i c a l l y .  The method involves  using only  sand t o  
f i l l  t he  cas ing  between tubes  r a t h e r  than  cementing-off a narrow 
zone between the  sand f i l l .  
meter tube  i n s t a l l a t i o n  considerably.  If t h e  eva lua t ion  results 
show t h a t  sand i s  e f f e c t i v e  i n  d i s s i p a t i n g  t h e  head d i f f e rences  
between zones, a f i e l d  t e s t  w i l l  be run employing sand only i n  a 
w e l l  immediately ad jacent  t o  a w e l l  i n  which piezometers are a l ready  
c eme n t  e d . 

This method of measuring 

This would s impl i fy  and speed up piezo- 

Geological s t u d i e s  i n  Cold Creek Valley d i sc losed  t h a t  t h e  v a l l e y  
form i s  only l o c a l l y  and i n c i d e n t a l l y  t h e  r e s u l t  o f  e ros ion  by 
sur face  streams, f o r  no s i n g l e  stream course fol lows t h e  v a l l e y  
f l o o r .  Movement of contaminants, as p o t e n t i a l l y  from t h e  Radioecology 
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S i t e  at Rattlesnake Springs,  w i l l  be minimal by sur face  runoff and 
t h e i r  p o t e n t i a l  movement t o  the  Yakima River by such mechanisms i s  
p r a c t i c a l l y  non-existent. 

Surface runoff is  appreciable only i n  t h e  uppermost p a r t  of Cold 
Creek Valley, west of t h e  Yakima Barricade, where t h e  s t r u c t u r a l  
( sync l ina l )  form of t h e  va l ley  concentrates  runoff.  
west and southwest of 200-West Area i s  t h e  r e s u l t  of deposi t ion of 
f i n e  materials by runoff as t h e  water i n f i l t r a t e d  i n t o  t h e  ground. 
From Rattlesnake Springs t o  the  Yakima River t h e  va l l ey  i s  dominantly 
the  r e s u l t  of wind erosion of fine-grained sediments i n i t i a l l y  
deposited as a b e l t  along t h e  f lanks  of t h e  Rattlesnake H i l l s .  
Surface stream courses e x i s t  only where l o c a l  concentrat ion of 
runoff occurs. 
evident ly  has not occurred within h i s t o r i c  t imes,  i f  even within 
more than 5000 years. 

The va l l ey  

Runoff from Rattlesnake Springs t o  t h e  Yakima River 

RADIOLOGICAL AND HEALTH. CHEMISTRY 

Iodine Studies  

Reports t ha t  s i l v e r  and copper mesh are good adsorbers f o r  I2 
have been confirmed i n  t h e  laboratory.  
through 4-inch diameter, 2-inch t h i c k  beds of s i l v e r  o r  copper 
(preceded by an AM-1 f i l t e r  t o  remove p a r t i c u l a t e  mater ia l  and 
followed by a charcoal bed t o  remove the  remaining iod ine)  96 percent 
and 50 percent ,  respec t ive ly ,  of t h e  I2 was removed. 
t e s t  HI-131 was generated and found t o  be removed by these  mater ia l s  
w i t h  an e f f i c i ency  of  99 percent and 90 percent ,  respec t ive ly .  
This  co l l ec t ion  apparatus was used on the  gas from t h e  Redox Plant  
a t  a time when the re  had been no operat ion f o r  two weeks and t h e  
1-131 emission was very low with l i t t l e  accoqpanying NO2. 
7.4 percent  and 2 percent of the  non-part iculate  1-13 was removed 
f r o m t h e  gas stream by s i lve r . and  copper mesh, respec t ive ly .  
thus  appears t h a t  the  1-131 from t h i s  gas stream i s  i n  chemical 
forms o the r  than I o r  H I .  Further s tud ie s  of t h e s e  forms a r e  
planned. 

A t  a flow r a t e  of 25 cfm 

In  a second 

Only 

It 

2 

Radiation Chemist= 

Radish seeds which had been soaked overnight i n  e i t h e r  1 percent 
er ioglaucine so lu t ion  o r  i n  p l a in  water were prepared with water 
contents  of 1.4 percent ("dry" see&) o r  20.1 percent  ("wet" seeds) .  
These seeds were i r r a d i a t e d  i n  groups of 10 with CO-60 y-radiation 
and then  allowed t o  germinate immediately on paper pads soaked with 
10-3 5 p o t a s s i u  g ibbe re l l a t e .  No p ro tec t ive  e f f e c t  of t he  4ye w a s  
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observed. 
r a d i a t i o n  s e n s i t i v i t y  of w e t  and dry seeds.  
abrupt  l o s s  i n  germination a b i l i t y  a t  1.0 x 10' r ads  whereas dry  
seeds l o s e  t h i s  a b i l i t y  more gradual ly  over t h e  dose range of 
0.5 t o  1.5 x lo6 rads.  
t o  make t h e i r  r ad ia t ion  response more uniform. 
used t o  incorpora te  e r iog lauc ine  i n t o  t h e  seed most of t h e  dye is 
concentrated near  the seed surface.  The more uniform r a d i a t i o n  
s e n s i t i v i t y  of  "wet"  seeds may mean t h a t  seed c o n s t i t u e n t s  through- 
out  the seed are equal ly  important i n  t h e  germination process  and 
that  t h e  e n t i r e  seed must be pro tec ted .  A microscopic examination 
of the d i s t r i b u t i o n  of  dye wi th in  t h e  t r e a t e d  seeds i s  i n  progress  
to  determine whether o the r  modes of t rea tment  might provide more 
uniform dye d i s t r i b u t i o n .  

The d a t a  i n d i c a t e  an i n t e r e s t i n g  d i f f e rence  between 
T e w e t  seeds show an 

The presence of  l a r g e  amounts of  water appears 
Due t o  t h e  procedure 

Oxygen has been observed t o  acce le ra t e  t h e  rate of  disappearance of 
t he  free r a d i c a l  s i g n a l  observed i n  t h e  ESR spectrometer when a 
so lu t ion  of  p-n i t roani l ine  i s  s tud ied  fol lowing i r r a d i a t i o n  wi th  
cobalt-60 gamma rad ia t ion .  This  observat ion has  l e d  t o  improvement 
i n  t h e  l i q u i d  handling system so t h a t  a i r  i s  more r i g i d l y  excluded. 
The r e s u l t i n g  measured l ifetime of t h e  f r e e  r a d i c a l  produced by 
i r r a d i a t i o n  of p-n i t roani l ine  so lu t ion  a t  room temperature was 
found t o  be 35 seconds, about double t h e  prev ious ly  measured 1 4  
seconds. 1 .  

ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Aerosol Sampling Study 

The two-foot square wind tunne l  was used i n  i n i t i a l  experiments 
designed t o  measure sampling e r r o r s  when sampling r a t e s  are much 
smaller than  i sok inc t i c .  This work i s  be ing  dong i n  support  of 
Atmospheric Physics research.  These i n i t i a l  experiments were t o  
eva lua te  uniformity of p a r t i c l e  concent ra t ion  in t h e  t e s t  sec t ion  
and t o  e s t a b l i s h  proper techniques i n  sample c o l l e c t i o n  and sample 
eva lua t ion .  These experiments i nd ica t ed  t h a t  p a r t i c l e s  may be 
s t r a t i f y i n g  o r  streaming i n  p re fe r r ed  a r e a s  i n  t h e  c ros s  sec t ion ,  
even a f t e r  s e v e r a l  c i r c u i t s  i n  t h e  wind tunne l  loop. Fur ther  s tudy 
of  t h i s  condi t ion  w i l l  be  needed. 

ISOTOPE DEVELOPMENT - 08 PROGRAM 

Pyrochernical Cerium - Tr iva len t  Rare Ear th  Separat ion 

Prel iminary scout ing  s t u d i e s ,  based on work by Johnson and Olson' 

1. Johnsori, R;W, and E.H. Olson, Separa t ion  of Cerium from Other 
Rare Ear ths  by IRni t ion  of t he  Nitrates, ISC-1069, September 1958. 
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were i n i t i a t e d  on a pyrochemical process f o r  t he  separat ion of 
cerium from t h e  t r i v a l e n t  r a r e  e a r t h s  contained i n  t h e  CSRM 
process 1CP stream. 
pact equipment and el iminate  r a d i o l y s i s  problems expected t o  be 
severe i n  the  aqueous batch solvent  ex t r ac t ion  process cur ren t ly  
considered f o r  t h e  Hanford Isotope P lan t .  A conceptual process 
would employ evaporative concentrat ion of t h e  CSRM 1CP stream 
with added Mg(IJ0 ) * 6 ~  0 as a f luxing  agent t o  a bo i l ing  point  
of 200 t o  275 C. 
C e O  occurs i n  t h i s  temperature range and t h e  r e s u l t i n g  s l u r r y  
voufd be d i l u t e d  w i t h  water f o r  f i l t r a t i o n  of t h e  p rec ip i t a t ed  I 

Ce02. 
about 95 percent pur i ty .  

Pyrochemical processing may permit more COB- 

3 2 ’  2 Thermal decomposition of cerous n i t r a t e  t o  

Hopefully, 99 percent  of t he  cerium could be recovered at 

I n i t i a l  s t u d i e s  have been aimed a t  determining f lux ing  agent con- 
cen t r a t ions  necessary f o r  maintaining a f l u i d ,  non-mastic system 
throughout t he  evaporation and a t  t h e  reac t ion  temperature. For 
the  expected rare e a r t h  composition i n  t h e  CSRM lCP, the  addi t ion 
of 50 w/o Mg(170 ) ‘6H 0 (based on the hydrated r a r e  e a r t h  n i t r a t e s )  
r e s u l t s  i n  a f l ? i$  meft throughout t h e  operat ing temperature range. 
Addition of 25 w/o f lux ing  salt was i n s u f f i c i e n t  t o  maintain molten 
conditions.  Oxidation of  the  cerium w a s  found t o  occur below 200 C 
w i t h  r a p i d  reac t ion  i n  the  260 t o  275 C range .”  

The cerfum oxide formed by thermal decom2osition of cerous n i t r a t e  
i n  t h e  n i t r a t e  fusion can be separated ( a f t e r  water d i l u t i o n  of 
t he  r eac t ion  mixture) by f i l t r a t i o n  e i t h e r  on 10 micron s in t e red  
metal  f i l t e r s  o r  on No, 1 f i l t e r  paper. Use of t h e  l a t t e r  might 
r e s u l t  i n  equipment s impl i f i ca t ion  by permit t ing ashing of t h e  f i l t e r  
element during subsequent drying and f i r i n g  of t h e  Ce02 product. 

Attempts t o  form a cesium b o r o s i l i c a t e  g l a s s  by t h e  Dynapak com- 
pact ion techniques which were so successfu l  k i t h  strontium t i t a n a t e  
and r a r e  e a r t h  oxides have been unsuccessful.  I n  a l l  cases ,  plug- 
ging of t h e  off-gas l i n e  followed by d i s t o r t i o n  o r  rupture  of the  
can occurred when it was heated i n  the  furnace p r i o r  t o  compaction. 
Removal‘of r e s idua l  n i t r a t e  (using cesium n i t r a t e  as a s t a r t i n g  
ma te r i a l )  was p a r t i c u l a r l y  d i f f i c u l t  and required temperatures i n  
excess of 800 C. It i s  concluded t h a t  high energy compaction i s  
not an a t t r a c t i v e  or p r a c t i c a l  process  f o r  forming cesium g la s s  
(although it may be appl icable  t o  salts such as cesium s u l f a t e ) .  

Manage5 ‘ 
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A. ORGANIZATION AND PERSOXNEL 

No s i g n i f i c a n t  changes occurred during the  month. 

B. TECHNICAL A C T M T I E S  

FISSIONABLE MAT3RIALS - 02 PROGRAM 

Effect of  Reactor Ef f luent  cn Aquatic Organisms 

Ycung chincok salmon, after being reared f o r  17 weeks i n  r e a c t o r  e f f luen t ,  a r e  
cu r ren t ly  under swhning  t a t s  t o  determine t h e  e f f e c t  of e f f luen t  concentrat ion 
and type of cor rcs ion  i n h i b i t o r  on swimming performance. 
f i s h  are s t r a t i f i e d  by size and d i s t r i b u t e d  i n t o  treatment groups which are 
scored f o r  perfcrmance a t  t h r e e  differo,nt water  ve loc i t i e s .  Within a a a r t i c u l a r  
size group, the  e a r l y  r e s u l t s  show no apparent d i f fe rence  due t o  treatments;  
however, it is c l e a r  f o r  t h e  zero-age chinooks (body l ength  about 56 mm) that 
a d i f f emnce  as small as 5 nm i n  body length  a f f e c t s  swimming abi l i ty .  The 
size of t h e  f i s h  i s  one of t he  most important f a c t o r s  on swindng a b i l i t y ;  i.e., 
t he  l a r g e r  ?'ish s w i m  b e t t e r  than the  smaller f i s h .  Therefore, t h s  avsrage f i s h  
reared i n  3% e f f l u e n t  would be expected t o  stdm b e t t e r  than the  f i s h  reared i n  
6% e f f l u e n t  because the e f f e c t  of being reared in  higher e f f l u e n t  concentrat ion 

I n  these  tests t h e  

was a s i g n i f i c a n t  growth depression. 
&I ?r.* 

Vertan 690 .c 
To he lp  eva lua te  t h e  b io log ica l  s ign i f icance  of  r i v e r  dispcsdl. of Vertan 
690 on f i s h  l i fe ,  ycung t r o u t  and chinook salmon a r e  under test. The purpose 

material which is t o  be used t o  clean and  condi t ion t h e  KPR secondary system. 
I n i t i a l  tests show t o t a l  m o r t a l i t y  a t  300 ppm (defining Vertan 690 a s  received 
as 100%) and bo00 ppm f o r  young t r o u t  and chinook salmon, respect ively.  
First estimates of LD50 K i l l  probably l i e  between 2000 ppm and 3000 ppm, 
an arbitrary safety f a c t o r  of 1% of LDg) concentrat ion is  applied, an upper 
l i m i t  t o  avoid acute t o x l c i t y  cf about 20 ppm i s  cmputed. 

? o f  t hg  bioassay is t o  determine t h e  acute  t o x i c i t y  of t h i s  propr ie tory  

If 

Columnaria 

Tests f o r  haat k i l l i n g  of colwnnaris showed t h a t  50 C f o r  one hour was t h e  
m i n i m  required for lOO$ mortal i ty .  With increasing temperature, s h o r t e r  
times were required. 

I n  t h e  course of the t eTpsra ture  tests a high frequency o f  a new colony form 
of t h e  organism was observed, a smooth 'as opposed t o  t h e  usual rough form. 
Some features of t h i s  smooth form make it  i d e a l  for laboratory work. 

UNCLASSIFIED 
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Chinook f inge r l ings ,  su rv iva l s  f m m  previous exposures t o  columnaris, 
were re-exposed t o  t h e  organism and t h e i r  s u r v i v a l  compared wi th  a group 
of f i n g e r l i n g s  having no previous exposure h i s t o r y ,  
be a s l i g h t l y  lower m o r t a l i t y  i n  t h e  prev ious ly  exposed group, bu t  no 
clear c u t  r e s i s t a n c e  had been produced, 

There appeared t o  

BIOLOGY AND I E D I C I N 3  - 06 PROSRAM 

METABOLISM, T O X I C I T Y  AND TRANSFER OF RADIOACTIVE MATERIALS 

Zinc 

Resul t s  of t r o u t  k i l l e d  164 days after a s i n g l e  o r a l  dose of 46pc  showed 
t h a t  among t h e  t i s s u e s  saxpled the  g i l l  f i l aments  s t i l l  have t h e  h ighes t  
concent ra t ion  and about 1.8% of  t h e  given dose is  es t imated  i n  t h e  g i l l s .  
Autoradiographs of gill f i laments  are  being prepared f o r  f u r t h e r  study. 
The body burden dec l ines  l i t t l e  from about 2.5% 
about 20% a t  164 days. 
i s  s u r p r i s i n g l y  s t ab le .  
t r ac t  a t  30, 6.b, 9b, and 154 days. The d i s t r i b u t i o n  a t  15lr days wi th in  
t h e  g a s t r o - i n t e s t i n a l  t r a c t ,  cn t h e  avorage f o r  t e n  f i s h ,  was 1.6, 1.6, 
0.5, and 0 . 5 ~ ~  f c r  stonach, p y l c r i c  caeca, mid-gut and hind-gut, 
r e spec t ive ly .  

- 

of dose a t  30 days t o  
The amount found i n  t h e  gas t - in tes t ina l  t r a c t  
About 85 of dose is  found i n  t h e  g a s t r o - i n t e s t i n a l  

For  f u r t h e r  study, a group of 190 t r o u t  were adminis tered a s i n g l e  o r a l  
dose of 200 pc each. 

t ract  and g i l l  f i laments .  

These f i s  are t o  b9 u t i l i z e d  f o r  more d e t a i l e d  
s t u d i e s  on t h e  depos i t ion  of  Zn 2 5, i n  p a r t i c u l a r  i n  t h e  g a s t r o - i n t e s t i n a l  

, Stront ium 

The weekly massive bleeding of f i v e  minia ture  swfne on t h e  s tudy  t o  determine 
t h e  reserve capac i ty  of t h e  hematopoietic system was discontinued. During 
t h i s  first phase of t h e  study, t h e  animals were b l e d  e i g h t  times a t  weekly 
intervals with a t o t a l  volume of blcod equal  t o  8% of t h e  animal's weight 
removed. 
parameters s tud ied  no marked d i f f e rences  were obssrved between t h e  con t ro l  
animals and those  f e d  125 pc Sr9O/day. 
i n  an  average r a d i a t i o n  dose ra te  t o  t3e bone marrow of 4 5  rads/day.) As 
expected, a marked inc rease  i n  t h e  r a t e  of e ry throcyte  
observed as 

decreased s l i g h t l y  i n  a l l  animals during t h e  study. 
i n  r e d  c e l l  volwm, t h s  packed ce l l  volume of t h e  animals was only  s l i g h t l y  
depressed. 
a l l  animals. 

Prel iminary analysis of t h e  r e s u l t s  i n d i c a t e s  t h a t  of t h e  

(This  l e v e l  of Sr90 feeding r e s u l t s  

roduct ion was 
asured  by rate of plasma c learance  of Fe 55 and ery throcyte  

uptake of  Fe 5 . The red c e l l  count and hemoglobin content  of  blood 
h e  t o  an inc rease  

Marked inc reases  i n  t h e  r e t i c u l o c y t e  counts  were observed i n  

(In a cont inua t ion  of t h i s  s tudy  a f t e r  blood values  have returned t o  normal, 
t h e  animals w i l l  be subjec ted  t o  sevwal massive b leedings  a t  s h o r t  i n t e r v a l s  
and t h e i r  response t o  t h i s  acu te  blood l o s s  determined as ccn t r a s t ed  t o  the  
chronic  blood loss i n  t h e  first phase.) 

U K C L A S S I F B D  
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Iodine  

F ive  of  1 7  ewes given 3 m c  1131 five yea r s  ago f a i l e d  t o  conceive o r  experienced 
early death of t h e  embryo. 
and had an  uncomplicated pre-nancy. The g e s t a t i o n  per iod i n  t h e  e x p e r h e n t a l  
group was U6 2 4.4 days, whi le  t h a t  i n  t h e  c o n t r o l  group was 143 + 2.7 days. 
There was no d i f f e rence  i n  t h e  b i r t h  weight of t h e  lambs; hmever,-in t h e  animals 
s a c r i f i c e d  a t  b i r t h  t h e  lamb thy ro ids  of t h e  experimental  group were l a r g e r  than 
t h e  con t ro l s ,  suggest ing a compensatory hyperplasia ,  
an increased  thy ro id  uptake of a t racer  dose of 1131 i n  t h e  lambs born i n  t h e  
experimental  group. 

A f t e r  b5 days of feeding 2 g of stable iod ine  t o  a cow on a regimen of 5 pc of 
I1jl/day, t h e  1131 concent ra t ion  i n  t h e  milk was reduced over 9% 
uptake i n  t h e  cow's thyro id  was  reduced about 95%. 
i od ine  requirement f o r  a CQW i s  5 rng/day.) 

A l l  t h e  c o n t r o l  ewes conceived a t  t h e  f i r s t  mating 

There was a suggest ion Of 

and t h e  1131 
(The c a l c u l a t e d  stable 

Plutonium 

Data on plutonium t i s s u e  co c e n t r a  ions  have been obtained over a 17-day per iod 
fol lowing i n j e c t i o n  of Fu23I c r  Pu339# T h i s  s tudy  will u l t i m t e l y  extend t o  
6t days pcs t - in j ec t ion  and w i l l  inc lude  hematological '  and h i s topa tho lcg ica l  
s t u d i e s .  
. liver, spleen, and adrena l  
wh i l e  t h e  depos i t ion  of Pu2% i n  bone i s  g r e a t e r  than  t h a t  of @ 3 9 .  Add 
o f  a large citratk excess  did no t  app-ar t o  a f fec t  t h e  d i s t r i b u t i o n  of PU 

As i nd ica t ed  i n  ear l ier  pre l iminary  s tud i? s9  Pu239 depos i t ion  i n  
land  is  2 t o  3 times g r e a t e r  t han  h238 depos i t ion ,  

@ 

Copper, Radiat ion and I<olybdenum In te r - r e l a t ionsh ips  

h r t h e r  r e s u l t s  from t h e  pa i r ed  feeding s tudy  cmpar ing  t h e  effects of high 
copper and molybdenum in t akes  on i r r a d i a t e d  and non- i r rad ia ted  rats support  
t h e  ear l ier  i n d i c a t i o n s  t h a t  t h e  decrease  i n  u r ina ry  copper exc re t ion  fol lowing 
8s r total-body i r r a d i a t i o n  is due t o  a decreased food i n t a k e  subsequent t o  
i r r a d i a t i o n .  
i n  both i r r a d i a t e d  and non-irradiated rats, 
the observa t ion  of increased  liver copper concent ra t ions  i n  animals on a 
h igh  molybdenum diet. 

I n h a l a t i o n  S tud ie s  

One dog d ied  1200 days after a s i n g l e  i n h a l a t i o n  exposure t o  h 2 3 9 0 2 .  Body 

b ronch ia l  and mediastinal lym~h nodes,23%; muscle, 3%; l i v e r ,  5%; bone, 18%; 
pancreas, 0.8%; hea r t ,  0.4%; and spleen,  0.3%. 
had t h e  h ighes t  concent ra t ion  of 
0.005 pc/g i n  lung,  and 0.0005pc P g i n  bone. However, t h e  500-fold d i f f e rence  
i n  concent ra t ion  of h 2 3 9  i n  bronchia l  lymph nodes ccmpared wi th  lung was 
a t t r i b u t e d  i n  p a r t  t o  a 3-fold inc rease  i n  lung  weight due t o  patholcgy, 
and a t  l e a s t  a 2-fold decrease i n  lymph node weight due t o  atrophy. 

Liver  copper concent ra t ions  a r e  increased  on a high copper d i q t  
O f  perhaps g r e a t e r  i n t e r e s t  i s  

burden a t  t ime of dea th  was 2.1 uc, d i s t r i b u t e d  as follows: lungs,  4%; 

The b r m c h i a l  lymph nodes . l u t o n i m ,  2,b pc/@ campared wi th  
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One dog died e i g h t  mcnths a f te r  deposit ir ,g about 
r a d i o a c t i v i t y  i n  t h e  dog a t  death was about 1 mc 
b ronch ia l  lymph nodes, arid l i v e r .  Radiochemical 
no t  complete. 

. .  HI+ 7 7 70 9 
* . \  

2 mc Cel44O2, Tctal 
d i v i d e d  between t h e  lungs,  
analyses of t h e  t i s s u e s  are 

S i x  beagle  dogs uere flown t o  t h e  Nevada Test S i t e  ar,d exposed t o  plutonium 
re l eased  from a one-point de tona t ion  of  a nuc lear  weapon. The doas w i l l  be 
s tud ied  f o r  comparison of t h e  excre t icn ,  t i s s u e  d i s t r i b u t i o n ,  and-biological  
e f f e c t s  of plutonium with r e s u l t s  obtained i n  l a t o r a t o r y  s tud ie s .  

The d i s t r i b u t i o n  of inhaled Pu02 i n  t h e  sub-ce l lu la r  f r a c t i o n s  of lung t i s s u e  
was determined i n  rats f o u r  months a f t e r  exposure, Table I, 

TABLT 1 
Percent 

1, Sa l ine  washin,:s of  lungs 2 
2. Fibrcus t i s s u e  24 
3 0  Sub-ce l lu la r  f r a c t l c n s  

PJuclear and c e l l  debr i s  f r a c t l c n  72 ‘ 

1.5 t c c !I on d ri c a1 
Mic r c s cm 1 005 
Supsrnatant  0=.4 

. 104 

It i s  thcught  t h a t  most of t h e  Pu2j9 fcund i n  ths nuclear  and c e l l  debris 
f r a c t i c n  was a s soc ia t ed  with t h e . c e l 1  debr i s .  
i n  f’urther experiments, 
of Pu239 i n  t h e  lung is  expected t o  ccnt rdbute  towards developing methods 
f o r  t he  renoval  of inhaled plutcniurn. 

Hcwever, t h i s  will be examined 
Knowledge of t h e  c e l l u l a r  and sub-ce l lu l a r  d i s t r i b u t i c n  

f . Two experimsnts wer8 ccnpleted t e s t i n g  agents  for removal c f  inhaled ~ ~ 2 3 9 0  

I n  another  experiment, C02, Alevaire, Isuprel, 

i n  rats. 
and i n t r a p e r i t o n e a l l y ,  and T.R. a e r o s o l  ( a  wet t ing  agent  prcduced by American 
Cyanamid) were i ne f f ec t ive .  
and r w p  were tes ted a l cne  and i n  coxbinatioris. 
was t h e  lung burden s i g n i f i c a n t l y  less  (“Student ti’ t e s t  a t  95% confidence 
limits) than t h e  cont ro ls .  

Plasma l e v e l s  of 1 7 - h y ~ c ~ c o r t i c ~ s t e r o i d s  i n  s e v e r a l  dogs exposed t h r e e  years 
ago t o  Pu02 did not  d i f fe r  s i g n i f i c a n t l y  from t h e  cont ro ls .  
t h a t  t h e  lymphopenia occurr ing i n  animals aftsr i n h a l a t i o n  of plutonium dioxide 
might be a s soc ia t ed  Kith increased  l e v e l s  of t h e  17-hydroxyccrticcsteroids, 
t hus  possibly l i n k i n g  the  ad rena l  gland t o  t h i s  appa ren t ly  abscopal effect  
of  r ad ia t ion .  
i n  order.  

I n  one experiment, ETFA and Pluronics  by aerosol ,  NaHSC4 + .KI ora ly 

Only i n  I sup re l - t r ea t ed  rats 

Fur the r  t es t s  are i n  progress .  

It was expected 

These r e s u l t s  sugges t  that  a f r e s h  approach t o  t h e  problem is 

Milk S tudies  

S ingle  tracer doses of Kk2, Fibe6, Cs137 and BauO were given in t ravenous ly  
t o  t h r e e  l a c t a t i n g  Suffo lk  ewes i n  order  t o  detarrnine t h e  ccnpara t ive  
metabol ic  behavior of these elenents with regard t o  p l a s m  c learance  and 
milk t r a n s f e r .  Blocd and m i l k  samples were c o l l e c t e d  a t  f r equen t  i n t e r v a l s  
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. * .  P? 
f o r  several weeks. 
time f o r  a l l  fou r  i so topes .  
ccncent ra t ions  of both Rb86 and Cs177 occurred a t  about 7 h r s  a f t e r  
admin i s t r a t ion  of  t h e  nuclides.  
and Cs137 a t  s t e a s t a t e  was 10 t o  1s. 

Complete a n a l y t i c a l  r e s u l t s  are not available a t  this 
Prel iminary r e s u l t s  i n d i c a t e  t h e  peak milk 

The milk-to-plasma r a t i o  f o r  both RbB6 

Gas t ro - in t e s t ina l  Radiat ion I n j u r y  

Fur the r  s t u d i e s  on t h e  p ro tec t ion  of t h e  i r r a d i a t e d  G I  t r a c t  by i n fus ion  of 
t h e  b i l e  s a l t  seques t ran t ,  cholestyramine, have n o t  r e s u l t e d  i n  apprec iab ly  

th supplementary a n t i b i o t i c  and f l u i d  suppor t ive  improved su rv iva l ,  
therapy. S tudies  w i t h  C 1  -labeled b i l e  sa l t s  i n d i c a t e  t h a t  cholestyramine 
is  on ly  p a r t i a l l y - e f f e c t i v e  i n  removing b i le  s a l t s  from the  i n t e s t i n a l  lumen. 
I n  another  approach t o  t h i s  problem, rats have been s u r g i c a l l y  modified i n  
such a manner t h a t  t h e  b i l e  d r a i n s  i n t o  t h e  u r ina ry  bladder.  
is appa ren t ly  effective i n  prevent ing t h e  d i a r rhea  which normally fol lows 
i r r a d i t i o n .  
on su rv iva l .  

even 2 

This  procedure 

I n s u f f i c i e n t  data are a v a i l a b l e  t o  eva lua te  i t s  poss ib l e  e f f e c t  

Prel iminary s t u d i e s  of h i s t c l o g i c a l  p repa ra t ions  frcm ra t s  p r e t r e a t e d  with 
c y s t e i n e  and exposed t o  cumulative i n t e s t i n a l  r a d i a t i o n  doses as high 3s 
20,000 r seem t o  i n d i c a t e  t h a t  t h e  i n t e s t i n e  is  able t o  undergo very  
ex tens ive  damage and subs-quent r 5 p a i r  of themucosa  without permanently 
impair ing f u n c t i o n a l  a c t i v i t y .  

Seccndary Disease S tud ie s  

Rat  anti-mouse and m u s e  a n t i - r a t  an t ibod ie s  from r a d i a t i o n  chimeras have 
been separa ted  by a g a r  g e l  e l ec t rophores i s  techniques.  
an t ibody was a s soc ia t ed  with t h e  albumin f r a c t i o n ,  whi le  t h e  r a t  anti-mouse 
an t ibody moves more s lcwly with t h e  ganna g lobc l in  f r a c t i o n .  
were a l s o  de t ec t ab le  i n  t h e  f r a c t i o n  which d id  no t  move from t h e  o r ig in .  
l'iixtures of separa ted  ant ibody f r a c t i o n s  were re-separaled e l e c t r o p h o r e t i c a l l y  
without  d i f f i c u l t y .  There is some l o s s  of  ant ibody a c t i v i t y  upon s torage  
a t  f r e e z e r  temperatures,  t h e  r a t  anti-mcuse ant ibody appearing t o  be more 
s e n s i t i v e  t o  des t ruc t ion  during s torage.  
t h a t  t h e  two ant ibody spec ies  are d i f f e r e n t  and not  simply a non-specif ic  
an t ibody capable  of  agg lu t ina t ing  bo th  r a t  and mouse e ry throcytes .  

The mcuse a n t i - r a t  

Both an t ibod ie s  

These r e s u l t s  suppor t  t h e  t h s s i s  

S tud ie s  with r a d i a t i o n  chimeras der ived from two d i f f e r e n t  mouse s t r a i n s  
(C31 and UF) unlike t h e  rat-mouse chimeras, have no t  shown serum 
hemagglutinins a g a i n s t  e i t h e r  hos t  o r  donor. 
c o n s i s t e n t  improvement i n  s u r v i v a l  o f  t h e  r a d i a t i o n  chimeras when t h e  
donor t i s s u e s  are taken fran animals pre- t rea ted  with h o s t  t i s s u e s .  

A star t  has been made on a his tochemical  and cytochemical s t u d y  of t h e  
develcpment of secondary diseases i n  rat-mcuse chimeras. 

There has  a l s o  been no 

Ki crob i o  logy  

The phospholipid conten t  o f  i r r a d i a t e d  c e l l s  i s  higher ,  re la t ive  t o  t h e  
phosphorus ccn ten t  of t he  cel l ,  than  i n  u n i r r a d i a t e d  con t ro l s .  The da t a  
are sugges t ive  t h a t  leakage o f  phosphate as a consequence o f  i r r a d i a t i o n  
i s  l i n k e d  with phospholipids i n  t h e  ce l l  menbrane. 

- 
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Potassium uptake by s t r i c t l y  ox ida t ive  yeast was demonstrated t o  occur a t  
about  1/20th t h e  rate i n  oxidat ive-fermentat ive s t r a i n s .  
pH dependent with t h e  maximum occurr ing between pH 7 and 8. I 'hether t h e  
low potassium uptake i s  r e l a t e d  t o  reduced H+ a v a i l a b i l i t y  o r  t o  reduced 
permeability of t h e  membrane t o  H* of I? i s  n o t  yet clear. 

The uptake is  

Radiation Effects cn I n s e c t s  

S t a t i s t i c a l  analyses became a v a i l a b l e  from a neutron r a d i a t i o n  experiment 
performed last winter.  Three-week-old v i r g i n  f l o u r  beetles, Tribolium 
castaneum, were given 980 rads of fast neutrons (average energy b.6  Kev) 
from t h e  H2(dYn)He3 reac t ion .  
combinations, such t h a t  t h e  effects on t h e  male o r  female reproduct ive 
z b i l i t y  could be dis t inguished.  
measure of  t h e  pa ren ta l  reproduct ive abi l i ty .  
t h e  reproduct ive a b i l i t y  i n  a l l  cases,  the  g r e a t e s t  being when both sexes 
were rad ia ted .  
one sex was radiated. No d i f f e r e n t i a l  r a d i a t i o n  response of g e m  ce l l s  
was  observed. 
r e f l e c t e d  t h e  reduced reproduct ive ab i l i t y  due t o  the  neutron exposure. 

A more e l abora t e  neutron e f f e c t s  s tudy  on T. castaneum w a s  e s t ab l i shed  
a t  three temperatures w i t h h y - o l d  adu l t s .  
condi t ions  were used t o  g ive  approximately 850 rads. To determine t h e  

o l d  males and females was conducted a t  one tempczature. 
t e s t  w i l l  be extended t o  o t h e r  temperatures.  

P l a n t  Nu t r i t i on  

Bacterial i n f e c t i o n  of r o o t s  i n  n u t r i e n t  c u l t u r e  prevented t h e  car ry ing  
out  of success fu l  experiments on the  mechanism of i a n  uptake. 
of t h e  in fec t ion  i s  not  known. 

The radiated beetles were mated i n  var ious  

The number of  a d u l t  F1 progeny was t h e  
The neutron exposure reduced 

Females were more f i t  reproduct ive ly  than  males when only 

Cytolcg ica l  examination of female reproduct ive organs 

- 
The same neutron exposure 

onse t  of reproduct ion a series of c rosses  us ing  combinations o f  ycung and @ 3- 
This  i n i t i a l  

The da ta  are being analyzed. 

The source 

The e f f i c i ency  of iod ide  uptake from n u t r i e n t  s o l u t i o n  was increased  about  
t h ree fo ld  by increas ing  t h e  concent ra t ion  of iod ide  i n  t h e  s u b s t r a t e  
from carrier-free levels of  1131 up t o  1 pg I/ml of n u t r i e n t  so lu t ion .  
Although d i s t i n c t  t o x i c i t y  was noted a t  t h e  1.0 p d m l  level, no such 
t o x i c i t y  was observed a t  t h e  0.1 o r  0.01 pg/ml l e v e l s  and a l l  showed 
enhanced uptake . 
P l a n t  Qology 

Cheat g r a s s  shoots  harvested i n  a greasewood community i n  l a t e  A p r i l  and 
assayed f o r  calcium, magnesium, sodium, and potassium showed t h e  chea tgrass  
growing beneath t h e  canopy of  greasewood t o  conta in  twice as much sodium 
as those  p l a n t s  harvested on t h e  ad jacent  areas between shrubs. 
increased  sodium content  of chea tgrass  growing beneath greasewood appears 
t o  r e s u l t  from t h e  decay of greasewood l eaves  which are high i n  sodium 
and a subsequent uptake by t h e  grass .  

The 

.- 
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- .. 
Rattlesnake Springs Limnology 

Twenty mc of Rb86 were introduced as a s lug  i n t o  t h e  upper end of Rattlesnake 
Springs. 
between t h e  poin t  of in t roduct ion  and t h e  upper dam. .Preliminary results show 
that t h e  activity peak decreased and f l a t t e n e d  out a t  successive downstream 
s t a t ions .  No pulse was found a t  the  dam. 
from bottom deposit samples showed t h a t  t h e  subs t r a t e  adsorbed the  isotope, 
although the magnitude of this is sti l l  being analyzed. 

Water samples were co l lec ted  a t  2-minute intervals a t  six stations 

Cursorg examination of t h e  counts 

Fa l lou t  

Samples of water and pa r t i cu la t e  matter from t h e  Tucannon River and Blue Lake 
were col lec ted  and are being analyzed f o r  f a l l o u t  isotopes.  
repor t s  show t h e  presence of s ign i f i can t  amounts of zirconium and niobium 
i n  t h e  p a r t i c u l a t e  matter. 

PrelFmimry 

Sampling and Analysis of Natural Populations 

Study of "distance" sampling methods was continued, with a small-scale f i e l d  
test on herbaceous p l an t s  i n  t h e  understory of sagebrush and greasewood p l o t s  
a t  Rattlesnake Springs. 

Two mule deer were col lec ted  on t h e  Wooten Game Range for radioanalysis,  
and a s e r i e s  of sampling poin ts  established. 

A study of the  s t a t i s t i c a l  problems associated with sampling for radionuclides 
was continued, with some ana lys i s  of Alaska da ta  i n i t i a t e d ,  and study of 
computational methods. 

0 :.$, 
A..- 

BIOLOGY LABCIRATOR~ 

HA K0rnberg:es 
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TECHNICAL INTEFZCHANGE DATA 
B I O L G Y  LABORATORY 

. . . 

I. SDeeches Presented 

a, Papers Presented a t  Soc ie ty  Neetings and symposiums 

Hanson, 14. C. Radioecological s t u d i e s  of northern Alaska. Third 
Symposium on Radioac t iv i ty  i n  Scandinavia, Univers i ty  of Lund, 
Lund, Sweden. May 21, 1963. 

Hanson, W. C. Dietary sources  of Cs137 i n  Alaskan Eskimos. Third 
Symposium on Radioac t iv i ty  i n  Scandinavia, Un ive r s i ty  of Lund, 
Lund,' Sweden. Yay 21, 1963. 

Park, J. F. Chronic t o x i c i t y  o f  inha led  plutonium i n  dogs. American 
I n d u s t r i a l  Hygiene Associat ion and Soc ie ty  of Toxicology, Cincinnat i ,  
Ohio. Kay 6-10, 1963. 

Ballou, J. E. Comparative t o x i c i t y  of h 2 3 9  and P U ~ ~ ~ .  Radiation 
Research Scc ie ty ,  Wilwaukee, Visconsin. May 27-29, 1963. 

McClellan, R .  0. Changes i n  c3lcium-strontium metabolism with age i n  
ycung miniature  swine. Radiation Research Soc ie ty  Keeting, Ydlwaukee, 
Wisconsin. May 27-29, 1963. (3 

KcClellan, R. 0. Icdine-131 i n  t h e  feed,  t hy ro id  and milk of d a i r y  cows. 
Radiat ion Research S c c i e t y  Keeting, Milwaukee, l 'bconsin.  
1963. 

(Cc-authors: 
Research Society,  Xilwaukee, I l isconsin.  

May 27-29, 

The effects o f  inha led  Pu23902 i n  adrenalectomized rats. Ehyneer, G. S. 
H. Id. Casey and I.!. J. B a i r . ) ,  1 1 t h  Annual Radiat ion 

?lay 27-29, 1963. 

b. Seminars ( O f f  - S i t e  and Local) 

Uyeki, 9. M. Graft-host response i n  r a d i a t i o n  chimeras. Un ive r s i ty .  
cf Washington, S e a t t l e ,  Ilashingtcn. k y  2, 1963. 

C. Seminars (Biclcgy) 

IJatson, E. C., RadiatLon Pro tec t ion  Operation, Hanford Laborator ies  . 
Remarks on the 3ea.ctor S i t i n g  Criteria Sympsoium h e l d  i n  Bombay, 
Ind ia ,  May 2, 1963. 

McClanahan, B. J. 

Wood, D. I1jl s t u d i e s  i n  cat t le .  Nay 7, 1963. 

The use  o f  element p a i r s  i n  i o n  t r anspor t .  May 7, 1963. 

U NCLASSIFI3D 
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Kimeldorf , D. J. , Head, Physiology-Physcology Branch, USNRDL, San Francisco,  
Cal i forn ia .  Some prompt r eac t ions  t o  r a d i a t i o n  exposure. May 17, 1963. 

- 
Ragan, H. A. 

Hackett, P. L. Sadia t ion  and copper t o x i c i t i e s .  May 21, 1963. 

Entenman, C., Di rec tor ,  I n s t i t u t e  f o r  Lip id  Research, Berkeley, Cal i forn ia .  

Clinical s t u d i e s  i n  i r r a d i a t e d  animals. Nay 21, 1963. 

Some s t u d i e s  on l i p i d  metabolism i n  t h e  X-irradiated animals. May 24, 1963. .. 

d. Ydscellaneous 

UpM, E. M. Modification of r a d i a t i o n  i n j u r y  i n  mannnals. 
University of Nashington Graduate Center, Richland, Washington. 

Radiobiology Course, 
May 8, 1963 

Univers i ty  of Vashingt on, Richland, Washington . Bair, W. J . Inha la t ion  prcblems . 
Yay 22, 1963. 

11. Articles Published 

a. HW Documents - None 

b. Open L i t e r a t u r e  

Bair, W. J. and D. H. Wil lard.  1953. Plutcnium i n h a l a t i o n  s tud ie s .  111. 
Effect of p a r t i c l e  s i z e  and t o t a l  dose on deposi t ion,  r e t en t ion ,  and 
t r ans loca t ion .  Health Physics 9: 253-266. 

Hanson, ';J. C., F. Id. Vhicker, and A .  H. Dahl. 1963. Iodine-131 i n  t h e  
thy ro ids  of North American deer and car ibou:  
tests. Science 140: 801-2. 

canparison a f t e r  nuc lea r  

Rickard, i.J. H., and L. 11. Shie lds .  
r eco lon iza t ion  of a nuc lear  t a r g e t  area. Radiat ion Botany 3: 41-&. 
(Work performed elsewhere. ) 

diethylenetriamine-pentaacetic a c i d  and olypropylenoglycolethylene 
oxide polymer on exc re t ion  of inha led  23%u0, i n  dogs. Nature  198: 

1963. An early s t age  i n  t h e  p l a n t  

Tombropoulos, E. G., 31. J. Bair, and J. F. Park. 1963. "ffect of 

703-704 

. 111. Visits and V i 8 i t O r S  

a. Visits t o  Hanford 

5/7-8/63 John Neff and Fred Beem, Acme Ref r ige ra t ion  Co. 
chamber (contac ted  J .F. Cl ine ) .  

Dr. H. C. Konroe and S. C. Loud, Davison Chemical Ccmpany, 
Irwin, Tennessee. V i s i t  f ac i l i t i es  and d i scuss  research 
with V. G. Horstman. 

5/10 Dr. Charles Sachs, French A X ,  Fontenay-aux-Roses. Discuss i n t e r n a l  
decontamination and Pu poisoning wi th  Biology staff .  

Check grwoth 

517 
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5/13/63 

5/13/63 

5/17/63 
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Northwest Associat ion of Occupational Medicine. 

Governor Rcse l l i n i ,  R. E. Rose, e t c .  Olympia, Iiashington. Tour. 

Columbia Basin College Zoology Students,  Pasco. Tour .  

D r .  D. Kimeldorf, USNRDL, San Francisco. Tour and p resen t  seminar. 

D r .  R. Daubenmire, Washington S t a t e  University, Pullman. 

Tour Biology. 

Check 
f i e l d  p l o t s  with W. Rickard. 

Dr. Entenman, I n s t i t u t e  of Lipid Research, San Francisco, Calif. 
Tour and p resen t  seminar. 

Chemistry s tuden t s  from Z i l l a h  High .School, Z i l lah ,  Wash. 

b. V i s i t s  Off-Si te  

5/56/63 V. H. Smith a t tended  t h e  I&,ernat ional  Symposium on hys ica l  

5 / 5 8  and C. E. Breckinridge escor ted  experimental  dogs t o  ardfrom t h e  
Processes i n  Minneapolis, iiinnesota. 

Nevada Test S i t e  f o r  P ro jec t  Ro l l e r  Coaster. 5/16-17 

5/5-10 

5/6-10 

R.,T. O'Brien a t tended  t h e  American Micrcbiological  Soc ie ty  
i n  Cleveland, Ohio. 

J. F. Park presented a paper a t  t h e  American I n d u s t r i a l  Hygiene 
Conference and Socie ty  of Toxicology i n  Cinc inna t i ,  Ohio, and 
discussed cardiology s t u d i e s  a t  t h e  College of  Vater inary 
Nedicine i n  Columbus, Ohio. 

L. Haverf ie ld  v i s i t e d  Washingtcn S t a t e  University i n  Pullman 
t o  consul t  f o r  taxonomic purposes w i t h  D r .  ,M. T. James. 

P. A. Olscn and C. O'Kalley picked up s i l v e r  salmon a t  t h e  
Eagle Creek Federal  F ish  Hatchery, Estacada, Oregon. 

. 

L. L. Eberhardt, 11. H. Rickard, and C. E. Cushing co l l ec t ed  
specimens a t  t h e  Wcoten Game Range, Dayton, IJashington. 

D. D. Mahlum consulted'  on research  with Drs. Wese and LeTourneau 

W. C. b n s o n  presented two i n v i t e d  papers  a t  t h e  Third Symposium 
a t  t h e  University of Idaho, Moscow, Idaho. 

on Rad ioac t iv i ty  i n  Scandinavia, Univsrsity of  Lund, Lund, 
Sweden on Kay 20-21; v i s i t e d  faci l i t ies  i n  3tockholm, Oslo, 
Copenhagen, and Windscale Works i n  Seascale ,  England. 
Attended a 

L. K. Bustad 
University 

s p e c i a l  meeting i n  Washington, D.C. on June 7. 
worked on the  i o n i z i n g  r a d i a t i o n  s tudy  a t  t h e  
of Washington with professor  Ruch. ., 
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b. Visits Off-Site (Continued) 

HTiL 77 709 

IV. 

I 

I -  
,.I  - 
i 

V. 

VI. 

5/21/63 

5/26-31 

5/26-30 

5/26-29 

5/2 7 - 2 9 

512 7 - 2 9 

Achievements 

M. E. Kerr v i s i t e d  Pendleton Grain Growers i n  Pendleton, Oregcn 
t o  inspec t  p e l l e t s .  

R. 0. %Clellan presented a paper a t  t h e  Radiation Research Society' 
Meeting i n  Milwaukee, Wisocnsin and discussed research with J. L. 
F e l t s  a t  the  University of Minnesota. 

Glenda S. Vogt attended the  Radiation Xesearch Society Meeting 
i n  Milwaukee, Wisconsin. 

R. F. Palmer and A. C. Case v i s i t e d  Lovelace Foundation i n  Albuquerque, 
New Nexico and Los Alamos S c i e n t i f i c  Labcratory i n  Los Alamos, 
N J ? .  t o  confer on r ad ia t ion  measuring methods and f a c i l i t i e s  w i t h  
Drs. R. G. Thomas and C. R. Richmond, respectively.  

B. 0. S tua r t  attended t h e  fiadiation Research Society I%eting i n  
Milwaukee . 

J. E. Ballou presented a paper a t  t he  Radiation %search Society 
Meeting i n  Ydlwaukee. 

No degrees were earned, ncr d id  any professional l i cens ing  o r  c e r f i f i c a t i o n  occur. 

Hcnors and Recognitions 

Dr. 14. F. Sul l ivan  was e lec ted  a Fellcw i n  t h e  American Association f o r  the  
Advancement of Science. 

Professional Group o r  Organization Assignments 

None 
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29 APPLIED MATHEMATICS OPERATION 

1963 

ORGANIZATION AND PERSONNEL 

Linda So Dean t r a n s f e r r e d  i n t o  t h e  group from Technical Information, 
e f f e c t i v e  May 20, 1963. 

ARCH ACTIVITIES 

Reactor Simulation Studies  are cont inuing w i t h  work t o  develop da ta  
recording on a cons is ten t  and nonredundant bas i s ,  
been revised t o  el iminate  such problems. 

Recording forms have 

The HAPO - Tri-City Model is being pushed f o r  completion, i n  crude form, 
by t h e  end of June. Considerable da ta  d i f f i c u l t i e s  cause delays. Ways 
are being sought t o  overcome da ta  gaps by developing assumptions t h a t  can 
be, at l e a s t ,  t e s t e d  f o r  l o g i c a l  consistency and f o r  consistency with t h e  
h ighly  aggregated data which i s  avai lab le  

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS 

N-Reactor Department 

Parameter es t imat icn  techniques i n  connection with the  weld crack problem 
assoc ia ted  w i t h  NPR primary p ip ing  have been successfu l ly  programmed. 
Estimation of all paremeters is v i r t u a l l y  complete, and a rev ised  document 
s e t t i n g  f o r t h  the  paremeter es t imates  i n  t abu la r  form is soon t o  be issued. 

I r r a d i a t i o n  Processing Department - 
A l a r g e  number of metallographic var iab les  from the  second end-bonding 
experiment have been analyzed, 
conditions which w i l l  give t h e  bes t  f u e l  elements by understanding t h e  
e f f e c t s  t h a t  time, temperature,  and pressure have on t he  important f u e l  
element c h a r a c t e r i s t i c s ,  A a s c u s s i o n  was a l s o  he ld  on a proposed system 
f o r  con t ro l l i ng  t h e  qua l i t y  of f u e l  elements manufactured by t h i s  process 
by con t ro l l i ng  t h e  qua l i t y  of incoming material and t h e  manufacturing 
process i t s e l f .  
manufacturing condi t ions and f u e l  element c h a r a c t e r i s t i c s  with pos t i r r ad ia -  
t i o n  r e s u l t s .  

The objec t ive  is t o  determine those canning 

Emphasis was l a i d  on the  need t o  c o r r e l a t e  p re i r r ad ia t ion  
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Assistance w a s  given i n  determining a plan t o  i d e n t i f y  ingots  of uranium as 
being normal o r  enriched on t h e  basis of counting r a t e s  based on y emission. 
A counting t i m e  and number were determined such t h a t  the  two ingot  types can 
be i d e n t i f i e d  w i t h  spec i f ied  and very high l e v e l s  of assurance. 

A discussion was held on the  in t e rp re t a t ion  of t he  r e s u l t s  of a test  t o  com- 
pare  Alcoa and C l i f f  canning components based on UT-4 measurements. 

A discussion w a s  held on t h e  sample s i z e  necessary t o  determine i f  there  a re  
adverse s ide  e f f e c t s  from a corrosion i n h i b i t o r  applied t o  f u e l  elements. 

Analyses were made on the data from a sa l a ry  study t o  see whether t he re  are 
d i f f e r e n t  r e l a t i v e  sa la ry  treads f o r  the d i f f e r e n t  salary l eve l s .  

A func t iona l  r e l a t ionsh ip  was f i t t e d  t o  counting data in which one of t h e  
parameters should estimate t h e  half l i f e  of thorium. 
est imates  were poor, no doubt due t o  the r e s t r i c t e d  range of t i m e  wherein 
t h e  counts were made. 

However, t h e  r e s u l t i n g  

Continued ass i s tance  is being given t o  determine t h e  b e s t  Conditions f o r  re- 
processing substandard rails for self-supported KVE and KVN fuel elements. 
support of t h i s  obJective,data were analyzed t o  determine the  precis ions and 
r e l a t i v e  b iases  of severa l  measuring instruments. 
here on determining how e l l i p t i c i t y  of f u e l  elements a f f e c t s  the minimum 
annul i  

In 

Related work i s  being done 

.Relationships between the  o u t l e t  water temperatures around t h e  circumference 
of a tube and t h e  thermocouple loca t ions  have been obtained f o r  severa l  tubes.  
This i s  a continuing program and i s  concerned w i t h  t he  Petermination of t h e  
temperature imbalance i n  the  o u t l e t  water. 

An est imate  was obtained of the proportion of alpha p a r t i c l e s  emit ted near the 
sur face  of a f u e l  element which reach t h e  surface.  

Analyses on t he  mathemt ica l  theory,  u seB  error propagation, and fDPM program 
for both the  o p t i c a l  and e l ec t ron ic  process tube t r ave r se  mechanisms have been 
completed and recommendations f o r  t h e i r  improvement and use discussed w i t h  t h e  
customer. 

- Chemical P r o c e s s i n g m e n t  

a 

cn 
cz> - 

- 
The continued high plutonium content and r e l a t i v e l y  low process and measure- 
ment va r i a t ion  permit ted demonstration of  compliance w i t h  minimum pur i ty  
spec i f i ca t ion  f o r  the  first qua r t e r  of a - 1 9 6 3 ~  
between demonstrated compliance and spec i f i ca t ion  , the  number of random samples 
se l ec t ed  pe r  week f o r  Pu assay was decreased from 40 t o  10. 
of t h e  minor component observed t o  da t a  ind ica t e  a p a r t  by p a r t  (100 percent 
inspe r e  qui r e  do 

Due t o  the  wide margin 

The measurements 



The est imat ion of  U-235 content of UO3 shipments will be made from 
dupl icate  measurements, using the  234-5 l abora tor ies  thermionic emis- 
sion mass spectrograph, on each ca r  shipped. A t  t h e  same time, a U03 
standard of known i so top ic  content w i l l  be analyzed t o  permit subsequent 
es t imat ion of absolute r e l i a b i l i t y .  

A l i m i t e d  examination o f  s i l i c o n  content of feed material and number of 
cas t ing  r e j e c t s  i nd i  cate  d a s t  a t  ist i c a l l y  s i g n i f i c a n t  r e l a t i o n s  hip. 

A comparision of the observed va r i a t ion  a t  f i v e  counting l e v e l s  ind ica ted  
the  revised ASP counting instruments could be used t o  rep lace  standard 
ASP instruments a t  all counting l eve l s .  

STATISTICAL AND MATHEXATICAL ACTIVITIES WITHIN MFORD LABORATORIES 

2000 Program 

The EDFM program which s imulates  t h e  NPR s tack  gas composition was modified 
in such a manner so as t o  be appl icable  over a much'wider range of input  
parameters. This revis ion makes it possible  t o  incorporate  immediately 
any new o r  rev ised  react ion coe f f i c i en t s  as fast as- they  are obtained from 
labora tory  experiments. 
appl icable  t o  o ther  r eac to r sc  

Analysis continues on the  organic volume f r a c t i o n  p r o f i l e s  being developed 
from pulse  column data. 
tube have been analyzed t o  es t imate  t h e  t o t a l  a c t i v i t y  i n  t h e  tube. 
are a l s o  being f i t t e d  w i t h  a harmonic-type funct ion t o  see  what general  
c h a r a c t e r i s t i c s  a s  regards t h e i r  cosine,  skewness, and peakedness e f f e c t s  
e x i s t ,  . 

.@ Moreover, i n  i t s  new form, t h e  program is now 

Dats r e l a t i n g  i s o t o p i c  a c t i v i t y  t o  loca t ion  i n  the  
The data 

3000 Program 

A series of  conferences has l e d  t o  a f i rm plan t o  convert  a Shef f i e ld  
ro t a ry  contour gauge t o  numerical control.  
r e l a t ionsh ips  have been derived and a preliminary EDPM program i s  being 
wr i t t en  t o  prepare magnetic tape  input  for  the  system. 

Appropriate mathematical 

Work on the design of shear-spinning blanks continued following t h e  i n i t i a l  
successes at moderate shears ,  
which will allow experimentation in the  range of  greatly-increased shear  
coe f f i c i en t s  , 

In p a r t i c u l a r ,  designs have been completed 

I 1 0 3 5 8 2  
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4000 Program 

Routine c a l c u l a t i o n s  were performed t o  determine optimum p a r t i c l e  s i z e  and 
propor t iona te  mix f a c t o r s  f o r  several c y l i n d r i c a l  Vipac f u e l  elements. Con- 
s ide rab le  e f f o r t  has a l s o  been devoted t o  t h e  s tudy of p a r t i c l e  s p i r a l i n g ,  a 
phenomenon suspected of playing a fundamental r o l e  in t h e  v i b r a t i o n a l  com- 
p a c t i f i c a t i o n  of annular-shaped f u e l  elements e 

t h i s  area i s  somewhat fragmented, a documentation of the.state of t he  a r t  i s  
cu r ren t ly  being compiled. 

% 

Although t h e  knowledge i n  

Limited progress  has been made on t h e  t h e o r e t i c a l  study of sonic  t reasmiss ion  
i n  e l a s t i c  media, 
Viscous damping (energy absorpt ion)  i n  the  so  c a l l e d  Voigt s o l i d  has been 
di s cove r e  d . 

I n  p a r t i c u l a r ,  a method of i n t e r p r e t i n g  the phenomenon of  

A method of c a l c u l a t i n g  with modified Bessel func t ions  of large index was 
developed which has  the advantage of exh ib i t i ng  numerical S t a b i l i t y  on 
e l e c t r o n i c  computers. 
t r a n s f e r  from hot  spo t s  on f u e l  elements. 

The problem arose i n  a s tudy concerned w i t h  hea t  

Modification of the machine language program which ca l cu la t e s  void f r a c t i o n s  
and d e n s i t i e s  i n  uranium was accomplished, and rou t ine  ana lyses  were processed. 

5000 Program 
@ 

During the  month an improved method of using background s p e c t r a  w a s  incor- 
pora ted  i n  t h e  c a l c u l a t i o n a l  p a r t  of t h e  IRA system. This modif icat ion g ives  
s i g n i f i c a n t l y  b e t t e r  r e s u l t s .  

Fur ther  changes are being made t o  t h e  IRA system t o  reduce computer times, 
and t o  handle modif icat ions made i n  t h e  s to rage  and r epor t ing  of  data. 

F i n a l  arrangements were made t o  document the  program f o r  indexing X-ray d i f -  
f r a c t i o n  powder p a t t e r n s  i n  the  hexagonal case,  A repor t  w i l l  be i s sued  e a r l y  
i n  June. A new counting rou t ine  f o r  t h e  orthorhombic program has been w r i t t e n  
and compiled but  several e r r o r s  remain, Work i s  cont inuing on t h i s  program. 
A new "master" program c a l l e d  INDEX w a s  w r i t t e n ,  compiled, debugged, and 
success fu l ly  used. I N D E X  makes a subrout ine  ou t  of  t h e  cubic  program. Work 
i s  under way t o  add t h e  hexagonal-tetragonal program t o  INDEX as a subrout ine,  
Eventually an orthorhombic subrout ine w i l l  be added so t h a t  INDEX w i l l  handle 
any of  the four  types of c r y s t a l ,  

S t a t i s t i c a l  ana lys i s  of data on a d u l t  progeny from neutron exposed Tribolium 
castaneum was completed, and a l e t t e r  containing the r e s u l t s  was prepared. 
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Special  support was given i n  t h e  design of extensive theory - experiment 
cor re la t ion  program, 

Design c r i t e r i a  included t h e  a b i l i t y  t o  estimate simultaneously t h e  theory - 
theory agreement between ca l cu la t iona l  methods employed i n  t h e  program as 
w e l l  as t he  theory - experiment l imi t a t ions  of t h e  methods. 

Service is being provided t o  ROHO f o r  i t s  semimonthly employee survey, and 
t o  CPD f o r  a spec ia l  employee survey of. i t s  own. 

I n  discussion with rad ia t ion  pro tec t ion  personnel a bas i s  w a s  given f o r  
choosing a t  what f i l m  density value t r u e  rad ia t ion  exposure is  indicated. 

Other 

On Monday, May 27, the Chemical Research Seminar was given by J. B. Goebel, 
.Applihd Mathematics. 
Powder Pa t te rns ,  Case 11, Hexagonal-tetragonal Case". 

- 
The seminar was e n t i t l e d  "Indexing X-rey Diffraction 

Man age r 
Appli e & Mat hemat i cs 

CA Bennett:dgl 
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Cumparison of Cm-244 Production Rates Using Th-232 and u-238 as Fer t i le  Fuels 

Two appealing methods of producing Cm-244 i n  power reactors are plutonium 
enrichment of e i ther  thorium o r  depleted uranium. 
low fuel  cost even without a large (3n-244 credi t .  
these materials should be l e s s  diff icul t  t o  fabricate than complex composites 
which i so la te  plutonium of different  ages. 

Curium-244 production ra tes  using plutonium (76% Pu-239, 18% Pu-240, 5% Pu-241, 
15 Pu-242) enrichment of thorium were discussed in the  April 1963 Monthly 
Report. 
the same plutonium composition enriching both u-238 and Th-232. 

The major resu l t  appears t o  be tha t  at  a fue l  specific power of 20 MW/T 
fertile, plutonium i n  u-238 w i l l  have a higher Cm-244 production ra te  and, 
also, a higher Cm-244 purity (Cm-242 is formed along with m-244 which 
detracts  from the value of h-244) is  obtained when u-238 i s  used as the 
f e r t i l e  materLal. 
harder. 

Both systems exhibit 
Fuel elements containing 

Now data are  available t o  make a comparison of the production using 

T h i s  advantage decreases as the neutron spectrum becomes 
A t  d i f ferent  specific powers the re la t ive  advantages may change. 

"3 This w i l l  be analyzed. 

The be t t e r  puri ty  obtained using u-238 as a f e r t i l e  fuel i n  the 20 MW/T 
example can be amplifled further by physically separating the i n i t i a l  
plutonium and u-238 i n  the fue l  element t o  prevent new Pu-241 from forming 
more Cm-242 i n  the i n i t i a l  plutonium. 
be unaffected, but the purity of t ha t  formed i n  the par t  of the fuel contain- 
ing u-238 would be much lower. 

.G 

The t o t a l  production of (311-244 would 

Figure 1 is a p lo t  of  ~m-244 production versus fuel  ekosure  fo r  various 
spectral  indexes and temperatures with plutonium enrichment of depleted 
uranium. The production, as  shown i n  t h i s  plot, increases w i t h  both 
increased moderator temperature and spectral  index, r. Hlgher values of 
r indicate harder neutron spectra. 
Cm-242) a lso  increases withfuel exposure and spectral  index. 
rate i n  thorium is designated by dashed l i n e s  for  120 C neutron temperature 
for comparison. 

The purity of Cm-244 (Cm-244/Cm-244 + 
The production 

. .. 
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FIGURE 1 
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A comparison of these production ra tes  in u-238 with those i n  thorium for  
the same Flutonium composition (76, 18, 5, 1) shows the production r a t e  of 
Cm-244 t o  be much higher i n  u-238, by about a factor of 2 at low r 's. 
i s  due t o  the u-238 i n  the fuel  which supplies new plutonium atoms for  
eventual formtion o f  more 011-244. 
increased i n  the  u-238 fuel. 
fuel  for  enrichments which yield the same eqosure.  
section for  thorium is  higher than for  u-238 -- especially a t  low r's. 
n u s ,  the u-238 fue l  needs l e s s  enrichment t o  a t t a i n  the same exposure and, 
heme, a higher flux t o  achieve t h e  same specific power. 
reason that  the relat ive advantage of u-238 system may change with the 
specific power. 
fissile content. 
t o  decay (pu-24]-&,p&-241 + n --.+ ~$1-242) re lat ive t o  the rate of (3-244 
production (3u-242 + n --% Am-243 + n -+ h-244) .  

This 

It i s  also noted tha t  the purity has 
This is due t o  a higher flux i n  the u-238 

The absorption cross 

It is  for  this 

The u-238 fast effect  also helps t o  reduce the necessary 
The higher flux means tha t  the Pu-241 will have l e s s  time 

General R e 1  Cycle Analysis 

Calculations of additional Mssion products from water moderated reactors 
using s l igh t ly  enriched uranium are tabulated i n  Tables I and 11. 
calculations were made at 10 MW/T average fuel  specific power. 

These 

e . %2 
It should be noted tha t  Ru-103 production is l e s s  a t  higher exposures due 
t o  the saturation effect  (i.e., the ra te  of decay i s  equal t o  the ra te  of 
production). 
above 10,000 MNDIT, but for  lower exposures, the increase i s  due t o  the 
higher f iss ion yield from plutonium than f r o m  uranium. 
from plutonium also cause increases i n  stable ruthenium and palladium 
production. 
accumulation of the RU-103 parent inventory as well as the lower yield 
from urarLium fission. A t  high exposures, rhodium tends t o  saturate due t o  
i t s  rather high cross section. 
exposure due t o  lower f iss ion yield of plutonium as well as the saturation 
tendency of  fi-85. 

This same effect  reduces the production of Ru-106 at exposures 

The higher yields 

Rhodium production is low at very low exposures due t o  the 

Krypton production decreases at  high 

Production of xenon and cesium has also been computed and typical  data are 
summarized i n  Table I11 (trace quantit ies of Xe-129 and f ract ional  percent- 
ages of Xe-130 have been neglected). 

Effective Values of the Neutron Reproduction Factor 

Values of 7, the  effective neutron reproduction factor, fo r  Pu-239 have 
been ci ted i n  the  l i t e r a tu re  t h a t  compare unfavorably with those of U-235 
and U-233. 
fuxiction of t h e i r  concelitration in a water moderator was calculated therefore. 
The coquta t iocs  were made by combining the SPECTRUM code ( for  energies up 
t o  2.38 ev) aEd the GAM code (for  energies above 2.38 ev) . The resu l t s  for 
a homogeneous mixture of fuel. and room temperature water a re  shown i n  

1 

A consistent s e t  of values for  these three isotopes 8s a 

_. Table IV, 

UNCLASSIFIED 
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Exposure 
EzwD/T 

1,926 

3,926 

5,926 

9,926 

19,926 

39,778 

TABLE I 

ISOTOPES - G W / M W t  YEAR AT DISCHARGE 

Stable 40 d 1.0 yr Stable Stable Stable 
RU RU-103 RU-106 Rh-103 - Pd m 

20.0 1.70 1.20 4.0 3-8 4 07 

1.33 4 *7 5 0 1  4.5 

21.1 0.65 1.41 5 *1 6.4 4.3 

23 07 0.24 1.31 4.7 13.6 3.3 

20.6 0.93 

21.9 0.42 1.43 5 02 8.6 4 .O 

26.3 0.14 0.95 3.3 21.0 2.4 

TABLE I1 

ISOTOPES - WA!M'S/MWk YEAR 150 DAYS AFTER DISCHARGE 

e 40 d 1.0 yl- 
RU-103 RU-106 

10.4 yr 
~ r - 8 5  

1,926 8.2 28.0 * 0.28 

3,926 4 -5 31 .o 0.26 

5, 726 3.1 33.0 0.25 

9,926 2 .o 33.0 0.22 

19,926 1.2 30.0 0.16 

39,778 0.7 23.0 0.09 

10.4 y~ 
m-85 

0.40 

0.37 

0.35 

0.31 

0.23 

0.13 

I 1 0 3 5 8 8  
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TABU IV 

VALUES OF FOR U-233, U-235, AND Pu-239 

IN A WA!FER MODERATOR AT 293% 

M s s i l e  Atoms Per 
Atom Bydrogen 

v, Neutrons Produced Per Neutron Absorbed 
u-233 u-235 pu-239 

0 .o 2.29 2 0 0 6  2.08 

0.005 2.26 1 *99 1.93 

0.010 2.24 1.93 1.89 

0.20 2.21 1.84 1.85 

The method used t o  obtaln the  data of Table IV is sanewhet unsatisfactory 
i n  that the e f fec t  of geometric self-shielding could not be evaluated 
direct ly .  These results,  therefore, are applicable only t o  a homogeneous 
mixture of the fuel, moderator, and cladding. Also, 6 somewhat arbitreuy 
weightirg between the GAM and SPECTRUM resu l t s  must be introduced i n  the 
computation, and this factor may have a considerable beeving on the resu l t s  
of the study. 

A compari o between the GAM-SPECTRUM resu l t s  for  500% moderator and same 

,A c3 -:r 

published 7 7  1 MLTET-SOF'OCA!PE resu l t s  are shown i n  Table V. 

A COMPARISON OF 7 FOR Pu-239 IIV A WA!l'ER MODEZWOR 
A!l' 500% UUXLVED BY TWO D- COMF'U!l!ATIONAL MrmaODS 

- 
7( , Neutron8 Produced per 

(1) Fissile A t o m  per Neutron Absorbed 
Atom Qdr ogen GAM-SPECTRUM MuFr-somm 
0.00 

0.005 

. 0.010 

2.05 

1.89 

1.87 

1.88 

1.n 
1.75 

(1) These values are  based upon the  alpha values presented by 
Fein and Noderer, m - 1 4 6 .  

I 1 0 3 5 9 0  
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Comparison of 
unless € , the  f e r t i l e  f a s t  effect ,  i s  included (i.e., 3€ ). T h i s  is  
extremely significant because the € value for  thorium is  essent ia l ly  1, 
while for  u-238 systems It can be 1.1 (1.2 theoret ical  l i m i t  f o r  uranium 
metal) and i s  1.06 for  some %O moderated U02 fueled machines. 
value of 1.06, the  € 72 products for  U-235 and Pu-239 corresponding t o  

between systems involving u-238 and thorium are  misleading 

With an € 

values i n  Table N range from 2.18 to-1.95 and 2.21 t o  1.96, 
t ively.  For U-233 i n  thorium, and ?€ are  essent ia l ly  the same. 

- Fuel Conservation Calculations 

A n  index of reactor performance that  often appears i n  a discussion of  the 
conservation of f i s s i l e  material is the heat produced per gram of U-235 
made unavailable. 
it e i ther  absorbs a neutron'during the burnup o r  is diluted by u-238 i n  
the discharged fuel  elements or  i n  the t a l l i ngs  of the diffusion cascade. 
A formula for  this index can be written i n  terms of reactor and diffusion 
cascade parameters as  

An atom of U-235 I s  considered t o  be "unavailable" when 

-:.-., where . , "L 
= megawatt-day per gram U-235 made unavailable 

c 
E = reactor exposure, MWD/T 

X = i n i t i a l  enrichment of the reactor, gram U-235/gram uranium 

Xo = cascade t a i l s  composition, gram U-235/grdm uranium 

Xf = cascade feed composition, gram U=235/gram uranium 

k = 1.102 x loo6 ton/gram (constant) 

The bracketed quantity i n  Equation (1) represents the grams of U-235 i n  
the enriched product of the diffusion cascade per  gram of U-235 i n  the 
feed (e.g., natural uranium). 
Note that no account i s  taken of the plutonium bred during the burnup I n  
this formulation. 

(Equation (1) i s  derived from mass balances.) 

It is  interest ing t o  compare the fuel  conservation index, v/, with the 
t o t a l  fue l  cost for the burnup. Table VI shows the reactor performance 
data  obtained with the MELEAGER and QUICK codes for a water-moderated 
zirconium-clad graded-irradiation reactor simulation. The graded cycle 

Un'CL4SSIFIED 
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used i s  theore t ica l  with no control rod losses .  
cycles are also being investigated.)  
Also shorn i s  t h e  net  fue l  conservation index, y/ net  = ?y/(l-c), where c 
i s  a production conversion ra t io ,  grams fissile plutonium discharged per  
gram U-235 i n  na t -ua l  uranium.* 

(Burnable poison batch 
Standard economic charges are assumed. 

The most important conclusion that can be drawn from the data of Table V I  
i s  that, while y/ increases continually with enrichmentH, there  i s  an 
intermediate enrichment for  which the t o t a l  fuel cost  and the net fuel 
conservation iEdex are extremes. 
f’uel cycle calculations tends t o  maximize the  heat produced per  gram of the  
na tura l  resource; i.e., the  U-235 contained i n  na tura l  uranium, 
not be t rue  for  plutonium pr ices  other than the  fue l  value used here. Note 
t h a t  fo r  c m a r i s o n  with the  values shown i n  Tables VI and V I I ,  approximately 
one megawatt-day of heat i s  produced by the f iss ioning of one gram of  U-235. 

Thus, the minimum Fuel cost  approach t o  

This may 

The fac t  tha t  the minhum f’uel cost  tends t o  give the maximum u t i l i za t ion  
of fissile material aeans that this approach may be synonymous with conserva- 
t i o n  of the z a t w e l  resource. That is ,  if the  present pr ic ing  scheme remains 
iz l  effect ,  increased demmd fo r  sugply of na tura l  uranium w i l l  lead t o  an 
increase in the  pr ice  of t he  feed t o  the diffusion cascade, which lowers 
t he  t a i i s  c o q o s i t i o n  from t h e  cascade-. T h i s  w i l l ,  i n  turn, both decrease 
the ini t ia l  enrichment for  a given reactor  and, therefore, increase the  
consemation iLdex. T h i s  ef fec t  i s  shown i n  Table V I I .  @. 
The data of Table V I I  show that, up t o  a point, increasing t h e  pr ice  of 
natural  uraziii-a, increases the  u t i l i z a t i o n  of  natural  uranium. Depending 

t. on the  f ixed charges (i.e., i?EFJ, separations, e tc . ) ,  the  conservation 
ixldex w i l l  resch a maximum aJrd wi l l  decrease with fbr ther  increases i n  the  
cost  of swmal urardum. Eowever, prodded the  in t e re s t  charges on the  
f Je l  imrentory are small, the fuel cost  of a breederkeactor  w i l l  be 
independert of the p i c e  of natural  uranium. Thus, there  i s  some point a s  
t he  pr ice  of natural  uranium is  increased a t  which breeder reactors, however 
inef f ic ien t ,  w i l l  be cheaper than converter reactors .  It is conjectured 
t h a t  this point w i l l  be a t  a uranium pr ice  much less than t h a t  for  which the 
f b l  u t i l i z a t i o n  i s  a maximum. 
exgosures. 
diverge as the Jacketing costs  are reduced. 
ecoEomic factors  of Table V I ,  except that the  jacketing cost  is  varied. 

The maximization of y n e t  occurs a t  high 
Thus, maximum 4.f and minimum cost  operating points  tend t o  

Table VI11 shows this for the  

* T h i s  qca l i ty  of natural  uranium is  tha t  necessary as cascade feed t o  
sqp l j r  the init ial  enrichment l e v e l  of  t he  reactor .  
The increased exposure allows greater  consumption of plutonium -- i n  s i t u .  

* The separative duty i s  increased with increased feed costs ,  which means 
that more e l e c t r i c i t y  i s  invested. 
ult imately cote  this fac tor  quant i ta t ively.  

The conservation calculations w i l l  
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ThBU V I  

FUEL COSTS AND CONSERVATION INDICES FOR A W A T T 3  MODERATED 
REACIOR S-ION FOR VARIOUS FISSILE ENRICHIBIITS 

In i t ia l  
Enrichment 

$ 

July 1, 1962, U r a n i u m  Price Schedule 

4.759 Use Charge = $40 FEFJ 
Plutonium Credit = $8 per  gram plutonium 
Graded I r rad ia t ion  

Eqosure,  
MWD/T 

Grams U-235 i n  
Natural Uranium Per 
G r a m  U-235 i n  Fuel 

1.48 
1.81 
1.98 

2.96 

2.47 
2.72 

13, 700 
20,900 
24,100 
32,600 
36,800 
40.400 

1.287 
1 335 
1.353 
1 393 
1.408 
1.419 

Total 
Fuel Cost, 
mills/kwhe 

1.58 
1.29 
1.24 
1.20 
1.20 . 
1.21 

9 

Conservation 
Indices 

y/ net 

0.804 1.109 
0.963 1.179 
1.004 1.209 
1.055 1.222 

1.074 1.211 
1.072 1.223 

TABLE V I 1  

FUEL COSTS AND CONSERVATION INDICES FOR THE OPTIMUM OPEWCION OF A 
WA!TER MODERATED fiEACTOR S-ION FOR VARIOUS NATURAL URANIUM PRICES 

4.75% Use Charge = $40 FEFJ 
Plutonium Credit = 2/3 of t h e  pr ice  of t h e  U-235 

Graded I r rad ia t ion  
i n  9 6  enriched uranium(l) 

cost  of 
N a t u r a l  For M i n i m u m  Fuel Cost Conservation 

U r a n i u m  as Initial ExPosure, MUS/' Indices 
m6, $/kg Tails,$ Enrichment MWD/T kwb Y y net - 

10.00 0.348 2.74 371 100 0.92 0.884 0.983 
23 -50 0.253 2.51 33, 300 1.19 1.060 1.225 
30.00 0.227 2.48 32,800 1.31 1.106 1.288 

100.00 0.116 2.05 25,400 2.34 1.226 1.528 
500 .OO 0.034 1.78 20,300 7.10 1.234 1.620 

1,000.00 0,019 1.70 18,700 12.68 1.205 1.606 

50.00 0 175 2.31 29,900 1.64 1.177 1.409 

(1) 
(2) Based on separative duty cost  of $3O/kg uranium. . 

Corresponds t o  $8 per  gram plutonium fo r  a feed cost of $23.50/kg uranium. 
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TABLE VI11 

MINlMUM FUEL COSTS AM> CORRESPONDING ENRICHMENT OPERATING POINT 
FOR VARIOUS FUEL JACKETING COSTS 

(For a water moderated simulation graded cycle.) 

F'EFJ Minimum Fuel Cost Enri c b e n t  
$/lb u (miUs/kwhe 1 w t  5 U-235 i n  U-238 y* net 

40 
20 
10 

5 

2.51 
2.12 
1.95 
1.86 

1.30 
1.30 
1.29 
1.27 

* Interpolated from Table V I .  

Although other  reactor  types will give r e su l t s  of  a -d i f f e ren t  magnitude, the  
s m e  general conclusions w i l l  l i ke ly  prevai l .  
moderated zirconium-clad reactor  have ju s t  been completed. 
t o  invest igate  a water-moderated s t a in l e s s  steel-clad type and a thermal 
breeder type. 

Analytical Representation of the  Westcott Non-l/v Factors 

Calculations fo r  a %O- 
It i s  planned 

The magnitude of 4f should approach 1.6 f o r  a successful 
' riatural uranium4'throw-away system. 

The cross sect ion system used i n  the  MELEAGER code i s  tha t  develaped by 
Iqestcott which has the  form 

c 1 A 

0- = c o  g(T) + 1" 6 (TI 
where 

A 
(r = t he  effect ive cross  section fo r  the reaction 

co = t h e  cross section for  a reaction with neutrons having a 
veloci ty  of 2200 m/sec 

Z! = neutron temperature 

r = Wectra l  index (a measure of  t he  proportion of neutrons 
having epithermal energies) 

g = 'non-l/v' fac tor  f o r  thermal energies 

s = 'non-l/v' fac tor  fo r  epithennal energies. 
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In this formulation, g and s represent the  degree of difference between the  
i n t e g r a l  of  
f o r  a cross section that varies as l/v. 
integrat ion i s  assumed t o  be a MaxwellIan i n  the thermsl port ion and t o  be 
inversely proportional t o  t h e  energy i n  the  epithermal port ion.  
between these portions i s  proportional t o  t h e  most probable neutron tempera- 
ture (taken as t h e  peak of t h e  Maxwellian) so t h a t  both t h e  g and s factor  
w i l l  depend strongly on the  neutron temperature, T. 

- @ ( v ) r ( v )  for  t he  actual  react ion cross sect ion and the  in t eg ra l  
The neutron flux, #, i n  t h i s  

The boundary 

. 
Becaiise the  neutron temperature changes throughout a burnup ccmrputation, the  
non-l/v fac tors  must be available i n  MELEAGER as continuous flmctions of 
temperature. Therefore, a concise analyt ical  expression must be obtained 
t o  represent these factors .  
purpose -- a polynomial s e r i e s  and a half-range cosine series. 
s ince t.he non-l/v fact.ors are re la ted  t o  the resonance in tegra l ,  a f’unctional 
representatiorr of this parameter has a l so  been investigated.  

Two f’unctions have been investigated f o r  this 
In addition, 

Experimental fits of the  uranium and plutonium isotopic  values have been 
made with b c t h t h e  polynomial and cosine series. ( In  most cases the 
temperature range was from 20 C t o  1300 C.) The main conclusions are  as 
follows : 

1. 

2. 

3. 

With the  exception of the  s fac tor  and the resonance in tegra l  
f o r  Pu-239 and PJ-241, an adequate representation can be obtained 
with a fourth order s e r i e s  (i.e., f ive  arbitrary coeff ic ients)  of 
e i t h e r  f’unction. 
isotopes have a la rge  low energy resonance which i s  i n  the 
epithermal region f o r  low neutron temperatures (moderator 
temperatures of 100 C t o  200 C )  and i n  the  thermal region f o r  
high neutron t e q e r a t u r e s  (moderator temperature of  500 c t o  800 c ) .  
The cosine se r i e s  (on t h e  basis of the minidza t ion  of the  sum of 
the squared e r rors )  i s  usually better than the polynomial when 
t h e  series i s  limited t o  the t h i r d  order.  
number of terms are allowed, t he  polynomial usually provides a 
bet ter  fit. 

The reason f o r  these exceptions i s  t h a t  both 

However, when a greater  

A given order polynomial fit invariably gives a bet ter  representa- 
t i o n  of the  resonance in t eg ra l  than it does of t h e  s factor .  

Table IX show t h e  order of  the se r i e s  t h a t  i s  required t o  give a specified 
accuracy f o r  t h e  pa rme te r s  of Pu-239 and Pu-241. An accuracy of 0.5s was 
obtained w i t h  a fourth order series f o r  a l l  other  parameters investigated.  
The allowable e r r o r  t h a t  can be used f o r  s is  much l a rge r  than for  g, as 
t h e  r values used t o  multiply s i n  expression (2) fo r  t h e  e f fec t ive  cross 
sect ion are usually l e s s  than 0.2 and are ser iously questioned i f  above 0.3. 
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TABU IX 

ORDER OF "HE SERIES REQUIRED FOR A GIVE31 
ACCURACY FOR Pu-239 AND Pu-241 

Polynomial Cosine 
Allowable Error ................... 5 .0$  1.9 0.546 5.w 1.G 0.55 

Data 

pu-239 
g factor  - absorption 1 3 4 1 3 3 
s fac tor  - absorption 5 9 11 3 7 
resonance in t eg ra l  - absorption 3 7 9 3 5 9 

10 

g factor  - f i s s ion  1 3 4 1 3 3 

6 9 
s factor  - f i s s ion  5 9 11 
resonance in t eg ra l  - f i ss ion  3 7 9 2 

10 3 7 

Pu-241 

g factor  - absorption 1 3 3 1 2 3 

2 7 >10 
s factor  - absorption 3 
resonance i n t e p a l  - absorption 2 6 8 

g fac tor  - f i s s ion  1 3 3 1 2 3 
s fac tor  - f i s s ion  3 7 8 3 6 8 
resonance in t eg ra l  - f i ss ion  2 6 8 2 7 710 

7 8 3 6 a .  
q;:. 0 8, - 

r 

Code Development 

1. JASON 

Work on the JASON-PLOTTER chain code progressed t o  the  point where the  
code works sa t i s f ac to r i ly  through all codes up t o  and including the 
QUICK economics code fo r  several modes of code operation. 
t e s t ed  during debugglng have been those most usually used i n  economics 
o r  isotope production surveys. 
PLOTTER t o  the chain. 
a survey too l  that permits ready evaluation of various fue l  geometries 
with a reasonable degree of sophistication. The code accepts the fuel 
l a t t i c e  as geometry and various isotope concentrations, converts t o  an 
axially symmetrical m o d e l ,  computes thermal u t i l i z a t i o n  and resonance 
escape probabi l i t i es  fo r  each enrichment l eve l  (including plutonium), 
feeds these and other data t o  MELLEAGER Burnup; and after burnup, the 
data are  fed t o  fue l  cost  codes, which calculate  t h e  fue l  cost; these 
data then go t o  MINIMIZER, the  minimum cost operating points  are  
determired; arid a l l  the per t inent  data f r o m  the  beginning t o  the end 
are then p lo t ted .  

The modes 

Some work remains t o  be done i n  coupling 
Completion of t h e  JASON-PLO!JTES chain w i l l  provide 
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3.  

Z t  should be Eoted that fo r  identl ca l  parameter cases, k ( react ivi ty)  
calculated by W A G E R  does not have the same value as k calculated by 
ZASCN. However, the react ivi ty  can be made t o  agree by increasing the 
value of the MEIlEAGER parameter SDW, the volume weighted slowing down 
power. Increasing SDW softens the spectrum and, i n  general, increases 

By design, the MELEAGER definit ions of "1 and p are not the same as the 
JASGN definit ions.  JASON uses 
the c lass ica l  four factor formula. 
and multiplied t o  obtain k. 
i n to  account the geometry of the f'uel element and the neutron flux 
dis t r ibut ion ' that  resu l t s  from the particular geometry and c e l l  composi- 
t ion.  

q and P* 

Neither is the method of calculating k. 
The factors are calculated separately 

In calculating the four factors, JASON takes 

By contrast, bEIJ3AGER calculates q p f  (the neutron yield/neutrons absorbed) 
i n  a combined calculation which f a c i l i t a t e s  assessing the effects  of 
burnup. 
externally calculated parameter and i s  multiplied by the internal ly  
cdcula ted  q p f  t o  obtain k. 
plutoriium burntrp which involves resonance fission. 
the c lass ica l  formulation o f t h e  discrete values of T ,  p, f are no 
longer applicable. 
I n  the calculation of k by supplying appropriate values of SCA (the 
resonance shielding index) and SDPV (the volume averaged slowing down 
term). Both SCA and SDW are used t o  modi* the Westcott effective 
cross sections t o  give MELFAGER effective cross sections. 
"geometry corrected'' cross sections are then used i n  the ?\pf calculation. 
With proper calibration, MEWGER can be a very effective code. 

Epsilon ( E  ), the fast fission factor, i s  entered as an 

MELEAGER was specif ical ly  developed fo r  
As a consequence, 

Any effects  of geometry i n  MELEAGER are included 

These 

The subroutines, as al tered by EDPO personnel, have been incorporated 
in to  the W A G E R  code and added t o  the Chain system. 
zcne sFectrum or  "spectral shift" studies and "shielded burnable poison" 
studies can now be undertaken on the  Chain system. 

Survey type 

The fourth o r  d v  array has been modified so t ha t  the ten possible 
isotopes can be treated as belonging t o  a single interacting parent 
descendent group or as up t o  four separate parent descendent groups. 

The LEMON computer code which formerly computed a " least  squares" 
polynomial t o  a se t  of empirical data points, now contains a Fourier 
ser ies  f i t t i n g  routine. 
the data points -- a res t r ic t ion  of the existing codes. The LEMON code 
i s  now completely debugged with the polynomial - Fourier ser ies  option. 

There i s  no res t r ic t ion  t o  the spacing of 
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A se t  of instruct ions for  preparing input t o  the Fuel Cycle Analysis Chained 
Program was ccPnpleted. 
frequent users of the chained programs. This brings together for  the first 
time i n  a "do it yourself" form the pertinent information needed t o  operate 
JASON, MELEAGEZl, PRCYTEIJS, QUICK, OPTIMIZER, PLOTTERS, and related CASE 
G E N E M O I I S .  

Copies of the instruct ions were dis t r ibuted t o  

WK Woods: jm 
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I .  

I '  : RADIATION PROTECTION OPERATION 
REPORT FOR THE MONTH OF NAY 1963 

A,  ORGANIZATION AND PERSONNEL 

Charles N e  Anderson resigned from t h e  Company. 
her  temporary assignment. 
Dennis C ,  Carl joined the  I n t e r n a l  Dosimetry Operation. 
Lena R e  Smith were reac t iva ted  from medical leaves of absence i n t o  External  
Dosimetry and Radiological Development and Cal ibra t ions ,  respec t ive ly .  

Louise E. Nunn completed 

Myrtle S. Ghent and 
Mary S. Hostkoetter r e t i r e d  from t h e  Company. 

.. 

. B o  ACTIVITIES 

Occupational Exposure Experience 

There w a s  one new plutonium deposi t ion confirmed during t h e  month. The 
t o t a l  number of deposi t ion cases  t h a t  have occurred at Hanford i s  317 of 
which 229 a r e  cur ren t ly  employed. 

Eleven plutonium inc idents  required spec ia l  bioassay sampling of per- 
sonnel involved t o  determine i f  i n t e r n a l  deposi t ion occurred. 
r e s u l t s  a r e  now pending. 

Bioassay 

6 . 4  . b - V  -s.. 

A CPD operator  t o r e  a hood and surgeon's glove at  t h e  234-5 Building on 
Apri l  23, 1963, while cleaning sur faces  i n  a plutonium machining hood. 
Although the  surgeon's glove w a s  contaminated, no contamination could be 
found on t h e  employee's hand a t  the  time of t h e  inc ident .  
t h e  employee not iced a s l i g h t  i nd ica t ion  of contamination when he checked 
h i s  hands on a four-fold counter. 

. contamination on t h e  pad of t h e  l e f t  index f inger .  Examination a t  t h e  
whole body counter on May 2, 1963, showed 5.7 x loo4 uc plutonium. 
t reatment  o r  excis ion was performed by Occupational Medical Operation. 

On May 2, 1963, 

A survey using a poppy revealed 500 d/m 

No DTPA 

Four CPD employees received plutonium nasa l  contamination ranging from 
2,400 t o  24,000 d/m a t  the  234-5 Building on May 23, 1963. The employees 
were working i n  a green house loca ted  i n  t h e  duct l e v e l  replacing f i l t e r s  
i n  t h e  9-B hood exhaust system. 
upon completion of t h e  work a f t e r  a survey f a i l e d  t o  show any contamination. 
Within a few minutes a poppy response ind ica ted  a rapid increase  i n  t h e  
l e v e l  of t h e  plutonium contamination and t h e  a r e a  was evacuated. 

They removed t h e i r  r e sp i r a to ry  pro tec t ion  

A CPD operator received a plutonium contaminated i n j u r y  a t  t h e  234-5 
Building on May 3, 1963, while working with plutonium n i t r a t e  so lu t ion  i n  
a hood. 
t h e  tube broke causing a puncture on his r i g h t  index f inger .  The i n i t i a l  

The employee was i n s e r t i n g  a g l a s s  tube  i n t o  a tygon hose when 
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survey of t h e  wound showed g r e a t e r  t han  40,000 d/m plutonium contamination 
on t h e  sk in  and i n  t h e  blood smears. 
counter  i nd ica t ed  t h e  presence of 0.044 pc plutonium i n  t h e  wound. 
exc i s ion  a t  Kadlec Hospi ta l ,  no de t ec t ab le  contamination was l e f t .  

Examination a t  t h e  plutonium wound 
After 

A CPD opera tor  received f i s s i o n  product contamination up t o  6,000 c/m on 

The f l a t  c a r  was used t o  move new equipment i n t o  t h e  Redox 
h i s  f a c e  on May 1 4 ,  1963, while  removing paper covering from t h e  f l o o r  of a 
f l a t  car .  
tunnel .  
t h e  employee's face. Nasal smears counted approximately 200 c/m. Examina- 
t i o n  at t h e  whole body counter on May 1 5 ,  1963, showed t h e  presence of 
approximately 1% of t h e  XPBB (20  pc - t o t a l  body) of zirconium-niobium-95. 

S ix  HL employees were exposed t o  a i rborne  noble gases  and tritium con- 
taminat ion a t  the'PRTR on May 17, 1963, when a high pressure  helium va lve ,  
l oca t ed  i n  t h e  hot  shop, broke. As a r e s u l t  of t h e  loss of helium t o  t h e  
atmosphere, a i r  contamination i n  t he  r e a c t o r  containment v e s s e l  increased  
t o  a l e v e l  > 1 x pc/cc. Contamination on t h e  s i x  employees ranged from 
500 t o  30,000 c/m. 
of xenon-135 ranging from a p o s i t i v e  count t o  0.4 pc,  Analysis of u r ine  f o r  
tritium showed an in t eg ra t ed  dose f o r  t h e  next  28 days of 10 t o  55 mrads. 

A survey upon completion of t h e  work showed contamination only on 

Examination a t  t h e  whole body counter showed t h e  presence 

Two IPD maintenance employees received nasa l  contamination ranging from 
500 c/m t o  2,000 c/m while r e p a i r i n g  d ivers ion  valves  a t  t h e  105-KE re ten-  
t i o n  bas in  on May 28, 1963. 
ranging from 1,000 c/m t o  8,000 c/m was found on t h e  f aces  of t h e  two 
employees. 
ruthenium-103, chromium-51, zinc-65, zirconium-niobium-95, and scandium-46 
i n  t h e  employees. 
f o r  each i so tope .  

Upon completion of t h e  work, contamination 

Examinktion a t  t h e  whole body counter  showed t h e  presence of 

The quan t i ty  of each i so tope  was l e s s  than  1% of t h e  MPBB 

Severa l  GE employees were inadve r t en t ly  exposed t o  a 27-curie ir idium- 
192 source a t  N r e a c t o r  on May 16, 1963. 
f o r  use  by t h e  P i t t s b u r g  Tes t ing  Laboratory,  remained $n an unshielded and 
unattended l o c a t i o n  i n  Ce l l  4 of t h e  109 Building f o r  s eve ra l  hours. 
t h e  t i m e  t h e  source was unattended, a t  least  1 4  GE employees were i n  t h e  
immediate v i c i n i t y .  
employees showed a maximum whole body dose of 0.2 rem of  gamma rad ia t ion .  
The exposures received by t h e  cons t ruc t ion  personnel  were inves t iga t ed  by 
t h e  AEC Compliance Divis ion.  

The source,  l i censed  by t h e  AEC 

During 

Evaluation of  t h e  f i l m  badge dosimeters worn by t h e  GE 

A false c r i t i c a l  r a d i a t i o n  alarm occurred a t  t h e  309 Building on May 31, 
1963, at  3:30 a.m. as t h e  r e s u l t  o f  X-ray t e s t i n g  i n  t h e  -11-foot l e v e l  of 
C c e l l .  
loud speaker when t h e  c r i t i c a l i t y  false alarm sounded. 
t h e  containment vessel. 
assumed tha t  t h e  alarm was caused by the  X-ray work. 
f o r  t h e  remainder of  t h e  X-ray work. 
time of t h e  alarm. 

The r e a c t o r  engineer  had j u s t  announced an X-ray shot  over t h e  
Personnel evacuated 

They d i d  not  evacuate t h e  309 Building s i n c e  they  
The alarm was bypassed 

The r e a c t o r  w a s  not  opera t ing  a t  t h e  
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During t h e  repor t ing  period, t he re  were two IPD inc idents  involving th ree  
. -  "*' employees with a p o t e n t i a l  f o r  a s ign i f i can t  overexposure. . . .  

An IPD p i p e f i t t e r  received a whole body dose of 0.7 r gamma rad ia t ion  on 
May 1 4 ,  1963, while attempting t o  dislodge some i r r a d i a t e d  b a l l s  t h a t  were 
hung up i n  t h e  vacuum hose at  t h e  lO5-KW reac tor .  
inner  rod room t o  perform t h i s  work w a s  measured at 1 r/hour.  Upon comple- 
t i o n  of t he  t a s k ,  off-scale  readings were recorded f o r  t h e  employee's gamma 
pocket dosimeters,  
dose r a t e s  t o  500 rads/hour s i x  inches from t h e  spot of t h e  hose where t h e  
b a l l s  were dislodged, 

The dose rate i n  t h e  

A survey of t h e  work a rea  a f t e r  t h e  inc ident  revealed 

I 

Two IPD employees could have been exposed t o  high dose r a t e s  a t  t h e  
100 C b u r i a l  ground when a dump t ruck  f e l l  i n t o  a process tube b u r i a l  p i t  
on May 21, 1963, 
with sand, was backed onto it, 
occurred showed a dose rate of 2 r/hour a t  t he  loca t ion  of t h e  employees. 
Evaluation of t he  f i lm  badge dosimeters worn by t h e  two employees showed a 
dose of O,O5 rem of gemma rad ia t ion .  

5 The bridge over t h e  p i t  collapsed when t h e  t ruck ,  loaded 
A survey of t h e  p i t  a f t e r  t h e  incident  

Environmental Experience 

General increases  were noted i n  all a i r  f i l t e r  sample r e s u l t s  during 
The average value at t h e  o f f - s i t e  P a c i f i c  
B/m3, one of t h e  highest  weekly averages 
This increase probably represents  t h e  

t h e  week ending May 24, 1963. 
Northwest l oca t ions  was 13 pc 
noted s ince  t h e  f a l l  of 1961. 
expected spr ing in f lux  of o lder  f a l l o u t  mater ia l s  from pas t  t e s t s .  
t h e  a i r  f i l t e r s  containing t h e  highest  concentrations of b e t a  emi t te rs  
were scanned i n  an attempt t o  es t imate  the  age of t he  f i s s i o n  products 
co l l ec t ed ,  The r e s u l t s  ind ica ted  an age of approximately one year. 

@?%% - Two of 

A f u e l  element f a i l u r e  a t  lO5-KE on May 12,  1963, re leased  a small 
amount of f i s s i o n  products t o  t h e  r i v e r .  The incremental increase  i n  
a c t i v i t y  w a s  measured by t h e  continuous r i v e r  monitor et the  300 Area. 
Based on t h e  r e s u l t s  of rou t ine  r i v e r  water analyses and t h e  a c t i v i t y  
pulse  ind ica ted  by t h e  continuous r i v e r  monitor, it was in fe r r ed  t h a t  an 
i n fan t  with a 2-gram thyroid could have received a thyro id  dose of 2 o r  3 
nrems from the  radioiodine i n  t h e  water. Other c r i t i c a l  organ dose e s t i -  
mates were even smaller.  

The following 252 b io log ica l ,  produce, and food samples were obtained 
f o r  radiochemical ana lys i s :  

Milk 79 samples 217 ga l lons  
Pasture  grass  61 samples 
Beef thyro ids  16 s e t s  
Oysters 3 samples 6 pounds 
Ground round 7 samples 1 4  pounds 
Fresh vegetables 6 samples 12 pounds 
F ish  80 samples 
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Studies  and Improvements 

The air  flow rates of t h e  s tack  exhaust sampling systcms at Purex and 
Redox were ca l ib ra t ed  t h i s  month. All a i r  flows were within 10% of t h e  
f igu res  previously used. 
was reca l ib ra t ed  f o r  cor rec t  air flow and checked f o r  proper operation. 

A i r  sampling equipment i n  Yakima and Klamath F a l l s  

Data from dye t e s t s  between PRTR and Pasco, reported i n  Hw-73672, were 
analyzed f o r  an est imate  of eddy d i f fus ion  coe f f i c i en t s  i n  t h i s  pa r t  of t h e  
r i v e r ,  
t he  calculated value f o r  longi tudina l  d i f fus ion  of about 4 x l o 7  f t2 /day  i s  
comparable with values reported i n  t h e  l i t e r a t u r e  . 

Although t h e  experiment was not designed t o  provide t h i s  information, 

Plans were made t o  begin sampling t h e  Richland water a t  more frequent 
i n t e r v a l s  s ince t h e  new water p lan t  i s  scheduled t o  begin operat ion i n  June, 
The layout of t h e  d i s t r i b u t i o n  system and the  plans of operat ion ind ica t e  
t h a t  it w i l l  be severa l  months before t h e  Columbia River water w i l l  be dis- 
t r i b u t e d  throughout t h e  c i t y .  During low water usage months, 
River water w i l l  be supplied t o  t h e  system. 

only Columbia 

Analysis of data from volunteers  on an experiment involving a single 
in take  of milk from cows fed 1131 is  complete f o r  a l l  but  t h e  last in take ,  
The r e s u l t s  i nd ica t e  t h a t  f r a c t i o n a l  thyroid uptakes range from 0.1 t o  0.3. 
The 1131 i s  eliminated with an e f f e c t i v e  h a l f - l i f e  of from 6.5 t o  7.2 days. 
The l a s t  in take  %egan May 22, 1963. 
which includes 2 q/day of s t a b l e  iodine.  

t i o n  gamma o r  b e t a  i r r a d i a t i o n s  w i t h  t he  e l ec t ron  Van de Graaff acce lera tor .  
Relocation of t h e  e lec t ron  beam catching assembly was necessary t o  reduce 
s c a t t e r e d  r ad ia t ion  dose when t h e  beam is  i n  the "off" pos i t ion .  A poten- 
tial of about 3500 v o l t s  i s  now necessary t o  sweep t h e  beam from t h e  "Off"  
pos i t ion  t o  the  "on" posi t ion.  The prototype equipmentawas t e s t e d  a t  t h i s  
p o t e n t i a l  and found t o  operate s a t i s f a c t o r i l y .  With the  present  shielding 
arrangements, a background of about 5% of t h e  "burst" dose w i l l  be present  
during short-duration, high i n t e n s i t y  i r r ad ia t ions .  

The t e s t  m i l k  i s  from a cow on a d i e t  

Further s tud ie s  were performed t o  provide prec ise ly  timed, short  dura- 

Attempts t o  provide neutron monitoring instrumentation with higher dose 
r a t e  response by changing t h e  gas composition and pressure within t h e  
cur ren t ly  used BF, detec tor  tubes were not successful .  
sh ie ld ing  about the BF, tubes has shown promise i n  reducing t h e  s e n s i t i v i t y  
of these  tuber.  Fac- 
t o r s  of 10 and 100 i n  thermal neutron s e n s i t i v i t y  reduction were a t t a ined  
using 0,0045" and 0.016~~ cadmium sh ie lds ,  respect ively.  Some fu r the r  t e s t s  
are necessary t o  determine i f  t h e  performance of t he  BFQ double moderator 
instrument with cadmium-shielded BF3 tubes is  su i t ab le  f o r  dose r a t e  moni- 
t o r ing  appl icat ions.  

The use of cadmium 

Cadmium sh ie lds  from 0.0015" t o  0.020" were.studied. 

UNCLASSIFIED 
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Neutron exposures using t h e  pos i t i ve  ion  acce lera tor  continued w i t h  
emphasis on s t u d i e s  of t he  neutron response of severa l  types of s i l i c o n  
diodes,  
The energy response measured t o  da te  w a s  constant within +, 20% although t h e  
e n t i r e  neutron spectrum from 0,2 t o  16 Mev was not y e t  studied. 

.. (-? . -  _. 
A t o t a l  of four days w a s  ava i lab le  on t h e  acce le ra to r  during May. 

The f a s t  neutron spectrum was measured using t h e  Li -6  neutron spectro- 
meter a t  a poin t  on t o p  of a plutonium storage hood i n  t h e  234-5 Building. 
This preliminary measurement was a week end run and d id  not accumulate good 
s t a t i s t i c s  above about 1.0 Mev. The spectrum has a pronounced peak a t  
approximately O o 8  Mev. 
t h e  spectrometer w i l l  be ca l ib ra t ed  wi th  t he  pos i t i ve  ion  acce le ra to r ,  
Present plans a r e  t o  accumulate data f o r  10  days and then c a l i b r a t e  the  
spectrometer system t h e  next time t h e  acce lera tor  i s  ava i lab le .  

Before t h e  energy s c a l e  can be determined p rec i se ly ,  

I n  an e a r l i e r  experiment, it w a s  found t h a t  t h e  spectrometer could not 
measure t h e  neutron spectrum from a PuBe neutron source. 
due t o  s i l i c o n  ac t iva t ion  caused by neutrons w i t h  energies  g rea t e r  than 5.0 
MeVI 

This i s  apparently 

Approximately ha l f ‘o f  t h e  PuBe spectrum i s  above 5.0 MeV. 

A l l  of t h e  data taken so far were obtained with t h e  spectrometer operat- 
ing i n  the  non-coincidence mode, A dual beam osci l loscope received t h i s  

. month w a s  used t o  determine what t h e  coinciaence t iming problems a re  and 
t h e  necessary modifications a r e  being made t o  t h e  e l ec t ron ic s  system. The 
use of t h e  coincidence counting w i l l  e l iminate  the  background counting 
problems 

The p a r t i c l e  generation equipment was modified f o r  use i n  ca l ib ra t ing  
t h e  Royco P a r t i c l e  Counter, 
counter but they were not successful ,  A work order  was issued f o r  a com- 
p l e t e  maintenance and servicing by an instrument technician.  The instrument 
seemed t o  be extremely noisy w i t h  spurious counts i n  t h e  lower channels. 
The Goetz aerosol  spectrometer was operated toge ther  with an aerosol  gener- 
a t o r  b u i l t  by P a r t i c u l a t e  and Gas Waste Research personnel i n  an attempt t o  
determine t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  of a methylene blue and f luoresce in  
mixture, Several  runs were made and the  f i l t e r s  are being analyzed by 
Chemical Researcho 

Several  attempts were made t o  c a l i b r a t e  the  

The mechanized system f o r  reading ion iza t ion  chamber dosimeters and 
recording t h e  output as a typed repor t  and on e l ec t ron ic  data processing 
cards  i s  being assembled. The u n i t  i s  mechanized t o  the  ex ten t  t h a t  
i n s e r t i o n  of t h e  penc i l  dosimeter i n  the  reader  socket starts the  appropri- 
a te  t imers  and provides complete readout. 
provide one penc i l  reading each 12-second.period. Modifications t o  provide 
readings a t  t he  rate of one each s i x  seconds can be made when t h e  appropri- 
a t e  programmer i s  obtained. 

Cs13’, 2 x 1 ~ ~  and potassium. 
completed, 

The equipment i s  designed t o  

The two c r y s t a l  a r r ay  i n  t h e  whole body counter was ca l ib ra t ed  f o r  
The ca l ib ra t ion  of t h e  mobile whole body was 

- .  

_- 

I 1 0 3 5 0 3  
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C, RELATIONS '. .: 

S i x  suggest ions were submitted by personnel of t h e  Radiat ion P ro tec t ion  
Operation during t h e  month. One suggest ion was r e j ec t ed .  S i x  suggestions 
arc pending evaluat ion.  

Sa fe ty  meetings were he ld  throughout t h e  Sec t ion  during t h e  month. 
included water s a f e t y ,  vaca t ion  s a f e t y ,  and a f i lm e n t i t l e d  "Radiation i n  
Perspect ive" 

Topics 

Radiation p ro tec t ion  o r i e n t a t i o n  l e c t u r e s  were presented t o  t h r e e  Chemical 
E f f luen t s  Technology personnel,  personnel a t  t h e  Experimental Animal Farm, and 
f o r t y  Transpor ta t ion  and Maintenance Operation personnel.  
ope ra t ion  of a lpha  de tec t ion  instruments  were presented t o  Metallurgy Develop- 
ment employees e 

Two t a l k s  on t h e  

A three-hour p r a c t i c e  se s s ion  and c r i t i q u e  was conducted f o r  members of 
the  Emergency Radiological  S ta f f .  
water and subsequent melt-down o f  105-KE r e a c t o r  with t h e  ensuing cloud of 
r ad ioac t ive  material passing d i r e c t l y  over 100 N Area while  cons t ruc t ion  
personnel  were s t i l l  a t  work. 
S t a f f .  

The exe rc i se  involved 8 simulated loss of 

The sess ion  was. a t tended  by 1 4  members of  t h e  

Three 4-hour sess ions  on Disaster Monitoring were presented i n  t h e  202-A 
Building Conference Room. These sess ions  were at tended by f o r t y  Radiation 
Monitors and f i r s t - l i n e  supervis ion from CPD, IPD, and HL. 

D e  SIGNIFICANT REPORTS 

HW-76525-4 - "Radiological S t a t u s  of t h e  Hanford Environs f o r  Apr i l  1963" by 
R. F. Foster .  

~%77690 = - "Methods Used t o  Es tab l i sh  Permissible  Conckntrations of Radio- 
i so topes  i n  Fresh and Sea Water" by R .  F. Fos te r .  J 

HW-77775 - = "Monthly Report f o r  May 1963 - Radiat ion Monitoring Operation" 
by A. J. Stevens. 

UNCLASSIFIED 
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS 

Externa l  Exposure Above Permissible  L i m i t s  

ri -- . 

Whole Body Penet ra t ing  
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 

Dosimeters Processed 

Hanford'Beta-Gamma Film Badge Dosimeters 

Film Processed 
Resul t s  - 100-300 M a d s  - 6 - 300-500 mrads - 6 - Over 500 mrads - 8 
Lost Resul t s  
Average Dose per Film Packet - m a d  (ow) - (SI 

Hanford Neutron Film Badge Dosimeter 

Slow Neutron 
Film Processed 
Resul t s  - 50-100 mrem - 100-300 m r e m  - Over 300 mrem 
Lost Resul t s  

Fas t  Neutron 
Film Read 
Resul t s  - 50-100 mrem - 100-300 mrem - Over 300 clrem 
Lost Resul t s  

Hand Checks 

Checks Taken - Alpha - Beta-Gamma 
v 

Skin  Contamination 

Plutonium 
F i s s ion  Products  
Uranium 
Tri t ium 

1963 

0 1 
0 0 
0 0 

6,312 32,612 

9,733 47,233 
202 844 
20 91 
1 17 
20 113 
9*2 6.6 
26.4 35 -2 

1,872 8,547 7 

0 0 
15 66 

3 0 2 

511 2,159 
33 199 
14 377 
0 4 
13 45 

34,547 184,511 
59,936 302,234 

29 125 
52 203 
1 1 
0 0 
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' 'Wliole Body Counter 

Sub1 e c t  

GE Employees 
Regular 
Incident Cas e s 
Terminat ions 
Ilex Hires 
Special  Studies 

Number of Examinations 
747-A WBC 1963 Mobile WBC 1963 

117 332 30 30 
32 93 
6 29 

47 88 
99 239 

Non-Employees 
Children 4 5 
V i  s i  t o r s  2 11 

9 Environment a1 Studies 5 - - - - 
312 806 30 30 

Calibrations 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

Results Above Bio as s a~ 
Current Reportinu L i m i t .  Samples Assayed 

Analysis  ReportinR L i m i t  May 1963 ~ a y  1963 
Plutonium 2 . 2 ~ 1 0 ' ~  uc/sample 63 472 606 3,422 

Strontium 3 . 1 ~ 1 0 ' ~  uc/sample 0 0 0  0 
Fission Products 3 , l ~ l O - ~  uc/sample 6 38 505 3,218 

Uranium 0.14 wn/l 0 0 118 731 
Special  Studies 0 0 17 255 

T r i t i u m  5.0 u c / l  195 782 280 1,305 

Personnel Meters 
Badge Film 
Pencils 
Other 

Umber of U n i t s  Calibrated 
May_ 1963 

1,115. 5,330 
277 1,360 
590 2,851 
160 959 
103 524 

2,245 11,024 
- - 

648 
105 
288 - 

1,041 

3,788 
660 

1,454 

5,902 
- 
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Miscellaneous Special Services 
Total Number of Calibrations 

.. 

AR Keene:CMU:ljw 

HW-77709 

Number of Units Calibrated 
May 1963 

9,262 
26,188 

654 
3,940 

. 

for the 
Manager 
RADIATION PROTECTIOm 
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FINANCE AND ~ N I S T R A T I O N  

ACCOUNTING 

Cost Accounting 

Sixty-five 200-word munmaries for the FY 1964 Science Information ESrchange 
publication were prepared by Hanford Laboratories and submitted t o  FtLQO-AEC 
a t  the request o f  the Division of Biology and Medicine. 

The Hanford Laboratories' Control Budget was adjusted during-the month t o  
permit optimum u t i l i za t ion  of program funds fo r  FY 1963. 
the adjustments by research and development program follows: 

A summary of 

(Dollars i n  thousands) 

04 Program 
Plutonium Recycle Propam 
Irradiat ion Damage t o  Reactor Metals 
Gas Cooled Reactor - Loop Project 

Gas Cooled Reactor - Other 
High Temperature Lattice Physics Studies 
Neutron Flux Monitors 
Waste Calcination Demonstration - Design 
Low & Interniediate Waste Studies 

. Ekperimental Gas Cooled Reactor 

5.. -1 

c 

05 Promam 
Radiation Effects on Metals 
Plutonium Physical Metallurgy Research 
S ta t i s t i ca l  mal. & Development 
Isotopic Analyses 
Radiochemical Analyses 

06 ~rogram 
Terrestrial and Wesh Water Ecology 
Atmospheric Radiation 

Previous 
Control 

$7 015 
1 315 

114 
85 
351 
70 
70 
200 
190 

126 
60 
85 
2c8 
589 

772 
274 

Adjustment 

(Reduction). Control 
Increase New . 

$6 925 
1 415 
lll 
75 
329 
65 
65 
220 . 

170 

(15 1 
15 

7 57 
289 

To reconcile Hsnford Laboratories' control budgets with AM= financial  planning, 
$200,000 was transferred from the  04 Program capi ta l  equipment budget t o  the 
research and development budget. The AEC Financial Plan, dated February 26, ' 

1963, withdrew $235,000 from the  Gas Cooled Reactor Program. 
indicated intention t o  res tore  these funds. 
penditures, now apparellt, eliminates the  need for  such action. 

Later, RUX)-AEC 
An underrun in equipment ex- 

UNCLASSIFIED 
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Actidties for which special accounting codes were established are des- 
cribed below: 

.6x University of Washington - Summer Institute for 1963. 
Authorized W s  are $300 to cover off-site travel and 
miscellaneous on-site expenses. 

Organizational code TUO, Nuclear Health & Safety, was established on June 1, 
1963 to accumulate the costs of this function, which is being consolidated 
in the Programing Operation. 
work were transferred f rom Reactor and libels Laboratory to R o g d n g  
Operation. 

Concurrently, four employees engaged in this 

General Accounting 

TJO letters seeking AEC concurrence in proposed actions were in process at 
month ecd: 

AT-293 Payment of Page Costs for Papers Published in 
Scientific and Technical Journ8.l.s 
(to UC 5-22-63) 

AT-295 Professional Research and Teaching Leave - 
IC. R. Merckx 

The following revised OPGs were issued during May: 

O P G  NO. Title - 
22.3.1 (pp. 3 & 4) Approval Authorizations 

Contract and Accounting Operation Manager 2.3-7 

i.13 Participation in Hazardous Business 
Po sition Guide 
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Wing the month, $2,353,499 were transferred t o  Plant and Equipment accounts 
from Work In  Progress accounts. 
from the  AM=: 

Included are three projects transferred 

CAH-866 Shielded Axslytical Lab. '- 325 Bldg. $ 631 552 
CAIi-867 m e 1  Element Rupture Test FBcility (PRTR) 1 498 020 
W-963 Geological and Hydrological Wens - M 1962 71  524 

Hanford 
million 

ss 

$2 201 096 

Laboratories na te r ia l  investment a t  May 1, 1963 totaled $26.1 
as detailed below: 

(In Thousands) 

Material $ 2 4 7 U  
1040 Reactor and Other Special Materials 

Spare P-ts 324 -1) 

8 26 075 

(2-  Inckdes  a reserve of $78,513. 

The v a l s e  of nuclear material consumed in  research by Eanford Iaboratories 
+.his fiscei yew t.0 May 1, 1963 i s  $3.5 million comprised as follows: 

2390 prc@wll $ 1 007 

4 O C )  Prcgrani I 456 
3000 Prc@pm 988 

$ 3 451 

Emford Laboratories Property Accounting discontinuebthe use of Parts 1 
( t ick ler  card) and 2(receipt card) of the Property Record U n i t  Control 
Card effective with May business. 
aFFroximately 32 man-hours a month t o  C&AO Property Accounting and 10 t o  
Fiariford Labora5ories. 
3 arsd L of The Record Unit Card and will be responsible for  verifying 
accuracy of the information thereon. 

Nuclear Materials Operation announced the  forthcoming Survey 20, Part 4, 
-irhi.cn wlll consist of a ver i f icat ion of HAP0 inventories of plutonium 
( includiw WIFE) and deuterium as of the end of June 1963. 

This should r e su l t  i n  a saving of 

Property custodians will continue t o  receive P a r t s  

Results repcrted on the  physical inventories of movable catalogued equip- 
IIieat i n  the cust.ody of Biology Laboratory and Test Reactor and Auxiliaries 
Operatfcn personnel show: 

, -- 
UNCLASSIFIED 
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Balance Prior to Inventory 
Reconciled Adjustment 
Adjusted Book Balance 
Physicai Inventory 
Missing EquipmeEt 

H-4 m-77709 

Test Reactor & A 
. . .. 

Biology Laboratory personnel are continuing to search for the one missing 
item - a pump. 
Test React-or and Auxiliaries Operation results reflect close control by cus- 
todial personnel. The addition of 32 items of unrecorded property valued at 
$9,898 t.o the record as a result of the inventory is unusually high but not 
unexpected, since this is the first physical inventory following (1) reassign- 
ment of FPD persomel and equipment to Hanford Laboratories, and (2) PRTR 
project unitizaxion. 

The folloving projects were unitized during the month and costs transferred 
to classified plant and equipment accounts: 

CGH-858 High Level Utility Cell - 327 Bldg. $ 383 686 

& W-901 %uctural Materials Irradiation Test EQuip. 123 313 

Cm-866 Shielded Analytical Laboratory - 325 Bldg. 631 603 
CAR-888 Biology Laboratory Improvements - 108-F Bldg .  417 578 

CAH-963 Geologicd. and mdrologicd Wells - FY 1962 71 524 
kT 
e -  

m 
Savannah River Operations' calculations on a return shipment of heavy water 
msde in April indicated receipt of 16,612 pounds which was nearly 56 pounds 
higher t h n  the HAFO coquted weight. This resulted in a credit to operat- 
ing cost of $102. 
May shcwed a loss of 1,871 pounds amounting to $25,971, while the PRCF loss 
amounted to U pounds valued at $150. 
rated durizq t& month amounted to 2,227 pounds resulting in a $3,073 
charge to operating cost. 

The estimated PRTR heavy water inventory at the end of 

Estimated heavy water scrap gene- 

Hanford Laboratories Special Reactor Materials - Non-Fund Account (Account 
No. 0567) -8 reviewed and adjusted dowazard $219,228 to reflect the latest 
SRoO heavy water nowfund price o f . g . 2 3  per pound. The offsetting charge 
was to Costs - kn-Product Depreciation ftrom Off-Site which is closed to the 
AEC at fiscal year end. 
accounts for  the large adjustment at this date. 
0567 was transferred to W o r d  Laboratories f r o m  C&AO in April 1.963~ and 
this is the first time an adjustment has been made since the Laboratories 
began using heavy water. 

The non-fbd price has steadily declined, which 
Responsibility for account 

UNCLASSIFIED 
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A t  the  request of Contract and Accounting, an ef for t  was made t o  verify the 
existence of a l l  returnable containers (349) assigned t o  Hanford Laboratories 
components as of February 1, 1963. Results submitted t o  Accounts Payable 
showed 1.26 had been returned t o  Central Stores and 12 are missing, most 
i ike ly  as a r e su l t  of unrecorded destruction for  safety reasons or return 
t o  Central Stores. 
Stores w i l l  be purchased from the  vendor ( 6 ) .  

Containers not located through a search at  Central 

Laboratory Storage Pool ac t iv i ty  i s  summarized below: 

Current Month M t o  Date 
Quantitx Value Quantity Value 

Beginning Balance 1 277 $751 go1 1 081 $ 562 200 
It ems Received 287 71 019 1497  735 4377 
It.ems Reclajlred by Custodians (27) (34 085) (172) ( a 7  212) 
Equipnent h'arlsf ers (26) ( i o  601) (220) (84 1.31) 
Item Disposed of by PIX (59) ( 3  530) (181) (20 380) 
I t a s  Excessed (88) (33 147) (193 532) 
Adjusment -- -- -- (41 265) 

(1- Includes 122 items valued a t  $101,843 on l o a n  a t  May 31. 

Diring tke  month, 36 items valued a t  $20,764 w e r e  loaned and/or transferred 
i n  l ieu of  purchases. A t o t a l  of 343 items valued a t  $184,312 has been 
redirected t o  useful purposes this f i s ca l  year. Operating cost f o r  the 
same period vas $14,263 indicating a net saving of $170,049 this f i s ca l  
year. 

lWalinvestment of equipment and materials i n  custody of the  Laboratory 
Storage Pool a t  May 31, 1963 was $1.3 million including Reactor and Other 
Speciai Materials valued a t  $323,431 and other materials valued a t  $242,615. 

Actim occurred during the month as fol lows on projects indicated: 

CAH-867 %el  Element Rupture Test Faci l i ty  

New Mmey Authorized t o  Hanford Laboratories 

CAH-100 High Temperature Lattice Test Reactor $ 4000  
CGH-999 Plutonium Recycle Cr i t ica l  Faci l i ty  Conversi0.n 

t o  Light Water 145 000 

Construction Completion and Cost Closing Statement Issued 

UNCIA SSIFIED 
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During the month the following contracts were processed: 

CA-394 E. C. Lingafelter 

SA-282 
31-281 ~sckg~ound  MUSIC Systems 

State of Washington Department of Game 

Personnel Accounting 

Mary S. Hostkoetter w i l l  start normal retirement on June 1, 1963. 

. 

A. K. Postma received patent award No. 'BWIR llg0 covering the Separation of 
Sub-sieve Part ic les  Into Narrow Size Range Fkactions. 

Personal Share and Beneficiary of Record Statements were distributed t o  
employees during the month. 
designate changes of beneficiary. s* 

This action stkulated many employees t o  

Per aonnel s t a t i s t i c s  follow: 

NurrSer of  Hanford Lsboratories Employees 
Changes During Month Total Exempt Nonexempt 

Employees on payroll a t  beginning of month 1 652 701 951 
Additions and transfers i n  27 4 23 
Rmvals  ar-d t.ransfers out e- '7: Employees on payroll a t  end of month - 

Overtime Payments Durinp; Month 

Exempt 
Nonexempt 

T o t a l  

Gross Payroll Paid During Month 

BWt 
Nonexenpt - 

T o t a l  

Participation i n  Employee Benefit 
Plans a t  Month End 

Pension 
Insurance Plan - Personal 

u. s. savings Bonds 
- Dependent 

Stock Bonus Plan 
sa-clrlgs Plan 
Savings and Security Plan 

Caod Neighbor Fund 

April Esay 
$ 7 161 $ 6 143 

$i 604 002 $ 692 299 
2 610 

$& 

May April 
Number Percent . Number Percent 

1484 99.4 1477  99.4 

1 256 99.9 1247 99.8 
399 396 

156 42.3 158 43.0 
3.9 67 4.1 

00.2 
65 

1 144 88.2 1136 
1 194 71.6 1 183 71.5 
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Inmrrance Claims 
Bnployee Benefits 

U f e  Insurance 
Weekly Sickness and Accident 
Comprehensive Medical 

Dependent Benefits 
Comprehensive Medical 

Total 

H-7 m-77709 

h Y  April 
Number Amount Number Amount 

0 $3 -0- 0 -0- 
u. 713 14 798 
69 3 872 81 4 376 

$14 196 231 
TECHNICAL ADMIIlISTRATION 

m l o y e e  Relations 

Twenty-four nonexempt employment requisit ions were f i l led during the month; 
34 remain t o  be f i l l e d .  

Suggestion plan ac t iv i ty  included 48 submissions, 32 adoptions and 28 rejec- 
t ions.  
from the previous month for the second month i n  a row. 

The number of suggestions (135) i n  process a t  month end vas  reduced 

Information and Presentations 

News releases on the  recycle of the  first plutonium fue l  element were com- 
pleted and distributed: 

Flant tour act ivi ty:  

General Public Relations Tours 
Special Tours 

Visitors Center ac t iv i ty  i s  summarized below: 

May attendance 
Average attendance per day open 
Cumulative attendance since 6-13-62 
conducted groups 

Beginning June 10, Visitors Center hours Kill be: 

Monday through Friday: 1 t o  9 p.m. 
Saturday: 
W a y :  1 t o  6 p.m. 

12 noon t o  9 p.m. 

Number Total People 

15 364 
4 a 

2 a 5  
02 

44 062 
13 ( total ing 341 people) 

UNCLASSIFIED 
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Document info&tion flow during the month was comprised of 1,218 t i t l es  
(10,w copies) received a t  Hanford and 79 t i t l e s  (8,074 copies) sent 
off -site. 

A marked increase i n  costs of printing a r t i c l e s  (page costs) i n  magazines 
and professional journals prompted a request t o  the AEC t o  increase the 
FY 1963 allocation for  this purpose from $1,500 t o  $3,000. 

1 

Prcfessional Placement ' 

Advanced Degree - Seven Ph.D. applicants visited HAP0 for  employment in te r -  
views. Fifteen offers  were extended; four acceptances and eight rejections 

- 
were received. Twelve offers  a r e  currently open. 

BS/MS (Direct Placement) - Twelve offers were extended. 
and eight rejections were received. 

Ten acceptances 
Nine offers  a re  currently open. 

BS/MS ( ~ r o g r a n )  - w e e  of fers  were extended. 
53 rejections were received. 

Techr-cal Graduate Program - Seven Technical Graduates were placed on 
permanent assignment. Current 
Program members t o t a l  34. 

Fifteen acceptances anii 
Current open of fers  t o t a l  34. 

One new member was added t o  the r o l l .  

FACILITIES EWGINEERING 

Pro j ecis 

A t  mollth's end Fac i l i t i es  m i n e e r i n g  Operation was responsible for  10 
active projects having t o t a l  authorized funds i n  the amount of $6,435,500. 
Tr,e t o t a l  esfimated cost of these projects i s  $10,680,000. 
t.hro-@ AFril 30, 1963 were $594,000. 

Ekpenditures 

The following summarizes project ac t iv i ty  i n  May: 

Number of authorized projects a t  month end ------------------ 
hb3er of new projects authorized ........................... 

10 

2 
CAH-100 - High Temperature l a t t i c e  Test Reactor 
CGH-999 - Pu Recycle Cr i t ica l  I b c i l i t y  Conversion t o  

Light Water 

UNCLASSIFIED 
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Projects awaiting AEC approval .............................. 2 
CAH-985 - Addition t o  the 222-U Building 
CAH-986 - 300 Area Retention Waste System Ecpansion 

Project proposals complete or nearing completion ------------ 
PRTR Storage Basin & Experimental Fgc i l i t i es  Modifications 
Heat Transfer Apparatus for  Model Studies 

2 

The current s ta tus  of projects authorized or  awaiting approval is: 

CAH-916 - f i e l s  Recycle Pi lot  Plant - Additional f'unds were made available 
i n  reserve up t o  a t o t a l  project cost of $5,900,000. The construction con- 
t ractor  was given a Notice of Award and a Notice t o  Proceed on May 15, 
1963. 
redesign the building foundations. 
work on May 27, 1963. 

Soil bearing t e s t s  have been completed and do not indicate a need t o  
The construction contractor commenced 

CAH-922 - Wst Tes t  Faci l i ty  for Irradiated Zirconium Tubes - A sub-contract 
vas awarded by J. A. Jones Construction C o w  for  construction of the 
building she l l .  !Fvo unsuccessfU attempts were made t o  i n s t a l l  the  coffer 
dam i n  the existing 327 building basin. 
and re instal led.  Total estimated value of equipment'to be purchased by GE 
is $66,000. 

The dam was then removed, repaired 

Orders total ing $51,000 have been placed. 

\s ec CAH-958 - Plutonium Fuels Testing and Evaluation Laboratories, 308 13uildiw - 
The Commission has not established a schedule for  this project.  Relocation 
of e l ec t r i ca l  cable t rays  w a s  completed. 
the crawl space above the new laboratory cei l ings is progressing. Plaster-  
ing of the walls and cei l ing i s  expected t o  start about the  end of the month. 

cm-962 - I o w  Level Radiochemistry Bui1dini;l - The Architect-Engineer sub- 
mitted his  preliminary design package t o  the Commission for  review on May 7, 
1963. The design was approved and review comments discussed with the 
Architect-Engineer on May 23, 

Relocation of l i g h t  f ixtures  t o  

CAH-977 - Fac i l i t i e s  for  Radioactive Inhalation Studies - Company and Com- 
missicn representatives vis i ted the Architect-Engineer's off ices  on May 15, 
1963 t o  discuss design problems. Preliminary design drawings were reviewed 
by the Company and comments transmitted t o  the  Connnission on May 17, 1963. 

CAH-982 - Addition t o  the Radionuclide Fbci l i t i es  - 1 4 1 - C  Building - The 
design c r i t e r i a  and scope drawings were transmitted t o  the Commission on 
April 24, 1963. No word of Commission action has been received. 

CAH-985 - Addition t o  the 222-U Building - The project proposal was sub- 
mitted t o  the  AEC October 9, 1962 and no action has been taken. 
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C\AEI-986 - 300 Area Retention Waste System Expansion - AEC has taken no f’ur- 
tker action on this project. A meeting called by AEC was attended by A. R. 
Keese, E. R. Irish, J. L. Boyd, et al. to again review the need for the pro- 
posed vork. 

~. 
- /  

CGH-992 - Additional me1 Loading Equipment - 308 Mldinq - Construction is 
progressirig satisfactorily. 

CGH-995 - 309 hilding Air Conditioning Modifications - Design was completed 
03 May 24, 1963. 
Compwy is preparing a Cost-to-Complete Estimate. 
?=at.er chiller may not be shipped by the July 15, 1963 scheduled delivery 
date. 

Installation of duct work is continuing. J. A. Jones 
It’currently appears the 

CGH-999 - P-1 Recycle Critical Facility Conversion to List Water - The pro- 
ject proposal was transmitted to the Commission May 2, 1963; AEC Mrective 
No. SW-5.50, dated May 29, 1963, authorizing total project funds has been 
received. TLe design criteria document was also transmitted to the Com- 
rnis~icn early this month for review and comment. 

CAH-LO3 - High Tqerature Lattice Test Reactor - A. Directive authorizing 
$30,000 for Title I design services has been received, also a Work Authority 
autkoriziq $!t,OOO to the General Electric Company for technical guidance of 
reactor design vork. 

Tie design criteria document has been reviewed and approved by both the 
Ccdssion and the Co;lrpany. 
The tex% and drawings are now being reproduced. 

@ . 
Commission approval was obtained May 28, 1963. 

En4beerir-g Services 

Ekgineeriq service vork and consultation provided to research and develop- 
m a t  prsonnel included trouble-shooting and direction of repairs to the 
1C8-F sc’Dce hA?dling equipment, engineering assistance on installation of 
FRTR emergency alarm system, and engineering of instrumentation for 314 
building. 

Pressure Systems 

Eagheering reviews and surveillance of pressure systems continued during 
thz month. Major items receiving attention included: (1) Low Level 
Laboratmy - instructions to A-E, (2) waste calcination vessel fabrication, 
(3) 31k buildlrig high pressure autoclave, (4) review of autoclave design 
w i t h  viewing windoif, and ( 5 )  C - 1  loop. The Third Party Inspector inspected 
the C - L  loop, witnessed the pressure test and approved the loop for opera- 
tion. He also reviexed the PRTR gas loop heater and additional investiga- 
ticn is being made of the design and fabrication. 
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- Consulting service was provided to operating and maintenance forces. 
jobs during the month included: 
tion monitoring equipment, (2) 325 and 326 transformer changes, (3) 325 
normal power and ventilation scheduled outage, (4) 314, 305-B and 3717-B 
normal power scheduled outage, (5) 300 area power reliability study, (6) 
300 area retention waste sampling, (7) 308 condensate pipe replacement, 
(8) 326 - 20 ton refiigeration unit, (9) 306 process sewer, (10) 340 off- 
gas filter and filter box replacement, (=) 325 basement mezzanine - air 
sugply, (12) 325 decontamination facility and concreting operation, (13) 
sub-micron particulate material filter study, and (14) 325 space utiliza- 
tion review. 

Active 
(1) laboratory buildings waste line radia- 

I 

Major items of trouble-shooting involved 308 building backdraft damper 
adjustment and criticality alarm system operation. 

Zhcilities Operation 

Iandlord costs for April were $208,634, which is 130 percent of the fore- 
cast for the month. 
$1,700,735, which is 99 percent of predicted. During this month improve- 
ment maintenance cost $51,466 as compared to the $15,000 forecast. Stem 
cost $31,570 against a prediction of $23,000. Ihgineering at $26,741 con- 
tinued to exceed the forecast of $12,000. However, over-all expenditures 
a r e  expected to stay within the landlord budget. 

put into effect, and all of the systems in 300 Area laboratories buildings 
were tested. 

"he total cost to date for the first 10 months is 

cg &?. 

. During this mnth the interim test procedure for criticality alarms was 

Some horns did not actuate, and repairs were made. 

Tr4e following tabulation summarizes waste disposal opgrations: 

March April 

C0ncret.e barrels disposed 12 4 
Loadiuggers - d r y  waste 28 29 
Crib waste, gallons 220 000 235 000 

No basins exceeded radiation control limits, but two on different days 
were in t e warning range. 
6.4 x 10% pc-p/ml, and on May 15, 1963, Basin #3 activity level was 
6.7 x yc-a/ml. 

On May U, 1963, Basin #2 activity level was 

The new 450 gpm pump for transferring contaminated retention basin waste 
t.0 the crib system was installed and tested. 

I 1 0 3 b 1 8  
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The ventilating system i n  325 was shut down on May 3, 4 and 5. a?e exhaust 
plenum, fans, stack base and adjacent dccts were decontaminated. They had 
been coated with a film of contaminated o i l  fromthe o i l - sea l  vacuum pumps 
which w e r e  recently replaced by water-seal pumps. During t h i s  outage, the 
e lec t r ica l  Wtchgear ,  sheetmetal work and pneumatic control l i nes  were  
inspect.ed, adjusted, and modified. 
conditions t o  determine i ts  capabili t ies and f lex ib i l i ty .  

The system was run under different t e s t  

The equivalent of 130 drawings were completed during the month for  an 
average of 24 man-hours per drawing. 

Major jobs i n  progress are: (1) PRTR shim rod control, (2) PRTR cladding 
cutter assembly, (3) 108-F inhalation studies hood, (4) equipment for 
salt-cycle process - 325-A, (5) as-built drawings - PRP Cri t ica l  Facility, 
(6) sccpe work - f a s t  supercr i t ical  pressure power reactor concept, (7) 
scope work - PRpi WO decontamination system, and (8) high temperature gas 
ioop . 
Work performed by CE&UO and by Bvay Engineers during the month amounted t o  
16 --hours and 189 man-hours respectively; work assigned was 80 man-hours 
and 193 mSn-hOUrS .  

Construction Supervision @. C.u, 

Activity during the month on construction work (J. A. Jones Company) being 
perfomed for Hmford Laboratories components is given below: 

In 
of 

Waste 
Unexpended Calcination 

Balance (Job 7005) 

Orders outstanding beginning of  month $293 645 $223 740 
Issued during the  month (inc . suppl. 

J. A. Jones expenditures during month 
ana adj.) 197 053 

(iricl. C.O. costs) 178 623 58 529 
Ealance at month's end 312 075 165 a 
Orders closed during month I 105 159 
addition, work on six maintenance work orders having a t o t a l  face value 
$7,852, issued to plant forces, was supervised. 

Major active nonproject jobs i n  progress are: (1) 108-F plant growth room, 
(2) 108-F rooms 402 and 403, (3) 108-F room 405, (4) 1414, i n s t a l l  X-ray 
equipment, (5) 146-m modifications, (6) 231-2, fabricate and i n s t a l l  glove 
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box, (7) repair dams a t  ---. 

li&tiw, (9) 306, 3705 
matic filter, (11) 308, 

Rattlesnake Springs, (8) 306, modif'y canning Une 
and 3746, replace and repair  roofs, (10) 306 auto- 
replace steam and condensate l ines ,  (12) 309, i n s t a l l  

b gas loop heater, (13) 309,-install shielding, (14) 309 concrete slab equip- 
ment, (15) 309 - piping and e lec t r ica l  work, (16) 309, e lec t r ica l  cable to 
Pole #16, (17) 309, back-up emergency pump controUer, (18) 309, i n l e t  and 
out le t  face mock-up, (19) 309, construct rupture loop annex, (20) 314, 
mock-up equipment, (U) 314, repair  and*modifications t o  building, (22) 
314, gas bot t le  fac i l i ty ,  (23) 32l, hatchway in canyon roof, (24) 3U, con- 
t r o l  room, (25) 321 computer room, (26)-325, repair  exhaust duct and f i l t e r  
boxes, (2'7) 325, exterior stairway t o  roof, (28) 325 rooms 407 and 407-A, 
(29) 325, e lec t r ica l  service t o  325-A, (30) 326, replace Wan& air  conditioner, 
(31) 326, additional. ductwork, (32) 327, i n s t a l l  demineralizer, (33) 328 th i rd  
floor offices, (34) 329 laboratory ll-B, (35) 340, install f i l t e r ,  (36) 300 
area material storage yard, and (37) waste calcination prototype. 

'. 

Mght purchase requisitions total ing $2,000 were issued during the month. 
Total value of equipment being processed i s  $108,000. 
l i s ts  were issued for Projects CAH-922 and CGH-995. 

New or  revised M & E 

Manager & 
Finance and Administration 

. 

. 

. .  . .  
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04 PROGRAbl - REACTOR DEVELOF%ZIJT 

* PLUTONIUM RECYCLE PROGRAM 

Plutonium Recycle Test Reactor 

Operation 

Reactor output f o r  May was 1010 W D ,  f o r  an experimental time eff ic iency 
of 58.2$ and a plant eff ic iency of 50.3$. There were 13 operating 
periods during the nonth, f i v e  of which were terminated manuall , seven 
were terminated by scrams (two of the scrams were manual scrams 3 and one 
operating period extended through month-end. 

The core loading on May 1 consisted of 19 U02 elements, 14 Pu-A1 elements 
and 52 mixed-oxide elenents.  A t  the end of the  month, the  core consisted 
of 15 Uo;! elements, 14 Pu-A1 elements and 56 mixed-oxide elements. 

Fuel exposure h is tory  a t  month-end was : 

Maximum U O ~  exposure/element 3,406 MWD/TU 

Average Uo;! exposure/e lement 2,412 W/TU 

Naximum Pu-A1 exposure/element 93.4 MwD 

Average Pu-A1 expos&e/elekent 73.2 MWD 

Maximum Moxtyl expos*ue/element 

Average Moxtyl exposue/element 

71.0 MWD (-1420 MWD/TU) 

41.4 MWD (- 828 MWD/TU) 

The status of the various t es t  elereents on May 31, 1963, is shown below. 
'Ihose test  elements which had reached t h e i r  assigned goal exposure o r  had 
been pernianently discharged f o r  other  reasons p r io r  t o  May 1, 1963, have 
been deleted from t h i s  table. . 

UNCLASSIFlED 
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Date Approximate .- 

Test Channel FE I n i t i a l  Date Actumulated - No. Location Number Description Charm Discharged MWD 

10 Basin 1067 U%-Vipac 3/26/63 88.3 
14 1956 5097 bxtyl-Swaged -- 37.5 Repad -- 71.0 ~epaa -- 61.1 Repad 
14 1356 5098 Moxtyl-Vipac 
14 1758 5099 Moxtyl-Vipac 
37 1449 1096 U@-Physics 
37 1649 1097 UO2-Phy~ics 

37 1548 1099 UO2-Physic~ 
37 1651 1100 U O ~ - P ~ Y S ~ C S  

73.5 
71.5 -- 69.0 

-- 70.7 -- 60.6 

-- -- 
37 1552 1098 UO2-physics 

-- 48.4 
-- 60.5(45.0 w/clip) 

48 1243 5150 Moxtyl 
54 1948 51-16 Moxtyl 
54 1855 5118 Moxtyl 67. O( 52.0 w/c lip) 

61 1150 5179 
61 1443 5185 Moxty&-physics 
61 1756 5186 Moxtyi-physics 
61 1847 5187 Moxtyl-physics 

61 Basin 51-76 5/4/63 5.6 -- C l  
-- (1 -- <1 -- (1 

The reactor operated a t  about 60 MW u n t i l  May 17 when the heat t ransfer  f l u x  @ 
l i m i t  &s increased wbich permitted raising the power level t o  70 MW. 

Four new instrumented mixed-oxide elements f o r  physics studies (PRTR Test 61) 
were charged on May 28. 

&O and indicated helium losses fo r  May were 1,871 pounds and 111,304 scf ,  
respectively. During the month 1,438 pounds of reagent-contaminated l+O 
were cleaned up through use of ion-exchange and f i l t r a t i o n  methods. 

Equipment Expe rience 

A t o t a l  of 156 reactor outage hours were charged t o  repair work. 
amount, 76 hours were used t o  complete steam export l ine  containment bellows 
replacement early i n  the month, 24 hours were f o r  heavy water leak repairs, 
21hours were fo r  moderator pwq repairs and cleaning of the s t ra iner  on 
moderator pump discharge l ine,  and 9 hours f o r  boi ler  level  instrumentation 
repairs and calibration. 

Log N #3 f i ss ion  chamber was replaced. 
ing movement. 

Of t h i s  

The guide rods were bent, r e s t r i c t -  

Preventive maintenance required 239 hours or 4.8% of the t o t a l  maintenance 
,e f for t .  
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I Seven process tubes were examined during the  month with no s i g n i f i -  
cant damge being reported. 

Improvenent Work Status (Significant Items ) 

Work Completed 

Replace Rupture Disc Assembly on Energency Depressurization Valve H-97 
Shim Rod Rotameter Modification 
Fusing Shim Rod Readout Power Supply 
Thermal Barrier Positioning &vice 

L 

Work Partially Corpleted 

Inl ine Gas Sanpling 
Process Tubes Level Indicator 
Prinary Loop Drain and Flush Valve Nodifications 
Ins t a l l a t ion  of Moderator Heater 
Independent C r i t i c a l i t y  A l a r m  System of the  PRTR Control Room 
Recorder Ammeter Ins t a l l a t ion  f o r  Primary Pumps 
Deionized Water System 
I n l e t  Gas Seal Replacement 
Backup Emergency Puny Low Speed Controllers 
Effluent Activity Monitor Replacement 

Design Work Corzpleted 

125 Volt Battery Disconnect Contactor 
Control Wiring f o r  13.8 KV Motor Operated Switches 

Design Work Partially Completed 4 

Additional Fuel Storage and Examination 
Vibration Snubbers f o r  Earthquake Protection 
PRCF L i g h t  Water Conversion 
Control Room and Instrument Calibration Shop A i r  Conditioning 
Decontamination Building and %O Cleanup 
Instmacent Power Transfer System 
Revision of PRTR Exhaust Fan t o  Energency Power 
Flow Monitor Tubing Snubber Ins t a l l a t ion  
Provide Separate Emergency Backup Water f o r  FEEF 
Autoclave Ins ta l la t ion  f o r  ZR-2 Fre t t ing  Corrosion Studies 

Process Engineering and Reactor Fhysics 

A study was made t o  determine the enrichment needed t o  b e t t e r  simulate 
a power reactor  f u e l  and t o  provide the r eac t iv i ty  needed f o r  extended c 

- operating periods. Tiie r e s u l t s  of t h i s  study are as follow: 

UNCLASSIFIED 
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(1) The power equivalent of a uranium system enriched t o  2% U-235 
would be produced by a Pu%-U% system of approximately 1 w/o 
PuO2 i n  U02, assuming the plutonium t o  be about 8Q Pu-240. 

Fuel Elements of t h i s  composition can be charged in to  any loca- 
t i o n  i n  the outer three o r  four rings of tubes without creating 
a power l imit ing s i tuat ion.  

Extended operating periods of a t  least one month would be possible. 

(2 )  

(3 )  

The Perkins ani3 King f i s s ion  product data was used i n  a computer program 
t o  develop an extensive set  of heat decay curves. Also a short-cut 
method of calculating the shutdown heat  generation rate from eas i ly  
obtained f u e l  element data was developed. 

A program change i n  the PRP was i n i t i a t ed  this  month t o  irradiate selec- 
ted l9-rod c lus te rs  of Ix A1-Pu f u e l  elements t o  higher than goal 
exposures i n  order t o  obtain increased h -240  content. 

!be f i n a l  hydrostatic t e s t  of the primary system was conducted under 
PRTR Test No. 55 during May. !be t e s t  was negative. 

-- . 
.. Procedures .. 

New Operating Procedures issued 1 
Revised Operating Procedures issued 3 
Revised Operating Standards issued 8 
Temporary Deviations t o  Operating Standards issued 2 
Revised Process Specifications accepted f o r  use 2 
Maintenance Manuals and Procedures issued 3 
Equipment Standards issued 1 

Total - Drawing As -Built Status A p r i l  

Approved f o r  As -Built 

Voided 
In Drafting 

Scheduled f o r  review 

7 

Personnel Training: Manhours 

Qualification subjects 
Specifications, Standards, Procedures 
Emergency Procedures 
Ifiintenance Procedures 

461 
57 
17 
60 
- FE 

I t 0 3 b 2 4  UNcLASsIFlED 
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. 
c Status of Qualified Personnel a t  Elonth-end: 

9 Qualified Reactor Ehgineers 
Qualified Lead Technicians 6 

17 Qualified Technicians 
Provisionally Qualified Technicians 1 

Plutonium Recycle C r i t i c a l  Fac i l i t y  

Control rod cal ibrat ions,and d i r ec t  measurements of sa fe ty  system 
time response were completed. 
completely e f fec t ive  within 0.5 sec.  following e i t h e r  a period o r  
a high l eve l  t r ip .  

The safety system was found t o  be 

14inhum rod worth was achieved by relocating the rods t o  higher 
flu regions. 
developed on measurernent methods and on the magnitude of an t i -  
shadowing. 

By-product information of experimental importance was 

Preparations f o r  i r rad ia ted  f u e l  experiments included (1) rotat ion of 
the core loading t o  move safety rods out-of-the-way f o r  the thimble 
hoses; (2) f i rs t  se r i e s  of successful d r j  runs of the fuel handling 
operation using the c e l l  crane; and (3) c r i t i c a l  experiments (with 
cold f u e l )  t o  develop r eac t iv i ty  neasuring techniques f o r  use i n  a 
c l ina te  of massive photoneutron flux. 

The document, HW-77607, “PECF Light Water Dilution” was issued. This 
report  analyzed the r eac t iv i ty  status of the PRCF if H20 were edded t o  
the %O core when it was c r i t i c a l  a t  low moderator leve ls .  

One Revised Process Specification (A-3, Safety and Control Rods) was 
accepted. 

One Special  Condition (No. 6)  was accepted regarding in t eg r i ty  of 
confinement. 

Fuel Element Rupture Test Fac i l i t y  

Work Status  

h e  following major elements of work are 90s complete: 

In s t a l l a t ion  of the t e s t  section i n  B C e l l  
Rupture Loop Sampling System 
B C e l l  Leakage Collection System 

- .  Operat ion 
‘/ Sixty-four hours were devoted t o  t ra ining.  

One additiorial  technician Icoqleted the or ientat ion and t ra in ing  
period and passed the Rupture Loop qual i f icat ion tes t .  

I l O 3 b 2 5  
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GAS COOLED POWER REACTOR PROGRAM 

Pressurized Gas-Cooled Loop Fac i l i ty  (Project CAH-822) 

Project Status 

Blower units two and three have been shipped from the vendor's plant 
and are  scheduled fo r  delivery i n  mid-June. 

Total productive time fo r  the period was 28,170 hours. 
hours performed i n  Technical Shops, 6,286 hours assigned t o  J. A. Jones 
C o m p a n y ,  2,520 hours assigned t o  off-s i te  vendors, and 55 hours t o  other 
project shops. 
i n  the current month with the remainder distributed over a three-month period. 
Overtime worked during the month totaled 1,775 hours or  7.8% of the t o t a l  
available hours. 

This includes 19,309 

Total shop backlog is 33,421 hours, of which 90s is required 

I Distribution of time was as follows: 

r?, 0, Manhours $ of Total 

N-Reactor Department 3 226 11.46 
Irradiation Processing Department 6 986 24 79 
Chemical Processing Department 353 1.25 
Hanford Laboratories 17 60s 62.50 

d 

Requests fo r  emergency service increased requiring an overtime r a t io  of 7.8% 
versus 7.2s fo r  the grevious month. 

LABORATORY MAINTEMCE OPERATION 

Total productive time was 21,600 hours of 23,000 hours potentially available. 
O f  the t o t a l  productive time, 88.65 was expended i n  support of Hanford 
kbora tor ies  components, with the remaining 11.45 used i n  providing service 
fo r  other HAP0 organizations. Overtime worked during the month was 5.1$ of 
t o t a l  available hours. 

Manpower u t i l i za t ion  f o r  May was as follows: 
A. Shop Work 
B. Maintenance 

1. 
2. 
3. 
4. 

C. R&D 

4 100 hours 
8 300 hours 

Preventive Maintenance 1 900 hours 
h r g e n c y  or  Unscheduled Yaintenance 2 200 hours 
Normal Scheduled Maintenance 4 200 hours 
Overtime (included i n  above figures) 1 100 hours 
Ass is tance 200 hours k hours 

1 1 0 3 b Z b  
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> lhree new item of standards equipment were received and placed in service 
during by: 
new standard potentiometer accurate t o  O.OOl$ of observed reading. 

(1) Silver Freeze Point, (2) Copper Freeze Point and (3) a 

h e r  
Test Reactor and Auxiliaries 

WD Richmond 
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INVENTIONS OR DISCOVERIES 

A l l  persons engaged in  work that might reasonably be expected to  
resul t  in inventions o r  discoveries advise that, to the best of their  knowledge 
and belief, no inventions o r  discoveries were made in the course of their  
work during the period covered by this report  except as l isted below. Such 
persons further advise that, for  the period therein covered by this report ,  
notebook records,  i f  any, kept in the course of their  work have been 
examined for possible inventions o r  discoveries. 

INVENTOR TITLE OF INVENTION OR DISCOVERY 

"Fast Reactor Nuclear Safety and Control 
Device sl' 

HW - 77778, Multi-Beam Ultrasonic 
Crystal  

D. J. Foley, R. J. Hennig 
D. E. Rasmussen, D. H. White 
M. F. Zeutschel 

R. F. Maness c; - F c 

v -.. 
Inhibition of 304 -L Stainless Steel 
Corrosion in Zirflex Solutions 
by Anodic Passivation 
Electrical Power Production from 

Boiling Fluids Outside of the Ear th ' s  
Gravitational Field" ( 5 -  10-63) 

II C. A .  Rohrmann 
w 

Manager, Hanford Laboratories . i 

UNC LASS IF  IE D 
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