


. 
. 

Aoute To: 

I -  PZ7md - 

, 

~ 

P. R. No. Location Route Date Signature and Date 
. . -  
b 

DECLASSIFIED 
HW-77046 

This document consists 
of 216 pages. Copy No. 
of copies. Se r i e s  -i- 

s I .  - HANFORD LABORATORIES - 
MONTHLY ACTIVITIES REPORT ?+:s; I t  f- ! ,  

MARCH 1963 

HANFORD ATOMIC PRODUCTS OPERATION 
RICHLAND, WASHINGTON 

- 
PRELIMINARY REPORT 

This repor t  was prepared only for  use within General Electric 
Company in the course  of work under Atomic Energy Commission 
Contract AT(45-11-1350. Any views o r  opinions expressed in the 
r epor t  are those of the author only. 

DECLASSIFIED 
-. 

I I 0 2 9 8 5  



UNCLASSIFIED ii HW-77046 

DISTRIBUTION 

c 

Copy Number 
- 1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 - 20 

I 

. 

21 - 23 

24 
25 
26 

.- . . 

W. E. Johnson 
H.. M. P a r k e r  
F. W, Albaugh 
C. A. Bennett 
F. E. Crever ,  GEAPD 
I. H. Dearnley 
W..E. Fous t  
P. F. Gast  
A. R. Keene 
H. A. Kornberg 
R. S. Paul  
W. H. Reas  
W, D. Richmond 
W. Sale 
H. P. Shaw - W. S. Frank 
W. K. Woods 
Atomic Energy  Commission, Richland Operations Office 

F. P. Baranowski, Director ,  Division of Production 
Attn: J.. E. Trav i s  

Washington 25, D.C. 
Savannah River  Operations Office, Aiken, South Carolina 
300 Files 
Record Center  

i -  
i 

UNCLASSIFIED 



t- 

UNCLASSIFIED iii 

TABLE O F  CONTENTS 

- 
F o r c e  Report and Personnel Status Changes . 
General  Summary  

Manager, H. M. P a r k e r  . 
Reactor and Fuels  Laboratory 

Manager, F. W. Albaugh . 
Physics and Instruments Laboratory 

Acting Manager, R. S. Paul  . 
Chemical Laboratory 

Manager, W. H. Reas 

t -  Biology Laboratory 
Manager, H. A.  Kornberg.  

Applied Mathematics Operation 
Manager, C. A. Bennett . 

Manager, W. K. Woods . 

Manager, A. R. Keene . 

Manager, W. Sale . 

Manager, W. D. Richmond . 

- Programming Operation 

Radiation Protection Operation 

Finance and Administration Operation 

Test Reactor and Auxiliaries Operation 

Invention Report  . 

HW-77046 

Page 

iv 

. v through xxx 

A-1 through A- 70 

B-1 through B-33 

C-1 through C-23 

D-1 through D-11 

E - 1 through E -7 

F-1 through F-15 

G-1 through G-9 

H-1 through H-11 

. 1-1 through 1-6 

. J-1 

UNC LASS IF IE D 

I I 0 2 9 8 1  



c 

1 

cr) d rl 
\D 

0 
# 

.. 
w( a 

. 

3 % 
rl 

'5: 

. 
8 
m 
0) 
d 

c 
ti 
8 
0 

3 

0 
+r 

0 
E 
3 

d 

ozl 
m 
0 

! 

i 
i *  B 

4 
0 
d 
cp 

% 
R 



DECLASSIFIED 
V 

BUDGET AND COST SUMMARY 

HW-77046 

March operating costs  totaled $2,400,000, a decrease  of 
$200,000 f rom the previous month; f iscal  year-to-date cos ts  are 
$21,156,000, o r  6970 of the $30,857,000 control budget. The control 

budget includes an increase of $525,000 received in a recent  RLOO-AEC 
financial plan. However, a reduction of $235,000 in the Gas-Cooled Power 

Reactor  P rogram was  not made because the AEC has indicated intent to 
r e s t o r e  a major portion of these funds. Hanford Laboratories '  r e sea rch  

and development costs  for  March compared with last month and the control 
budget a r e  shown below: 

C O S T  

(Dollars in 
thousands) 

Cur  rent  Previous F Y  70 
Month Month To Date Budget Spent 

HL 
$ 70 

24 
1026 
132 
24 1 
16 

$ 83 
27 

1 155 
124 
27 5 
11 

$ 659 
91 

8 755 
936 

2 313 
36 

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

1675 12 790 18 566 
NRD Sponsored 180 172 7 17 1270 
IPD Sponsored 59 73 69 6 932 
CPD Sponsored 111 118 1071 1421 

Total $1 859 $2 038 $15 767 $22 682 

1509 

F P D  Sponsored 0 493 493 

$ 1069 
175 

12 718 
1 3 5 3  
3 154 

97 

62 
52 
69 
69 
73 
37 
69 
56 
75 
75 
100 

- 

- 
7 070 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels  

Radiometallurgical examination of prototype N-Reactor fuel elements 
i r radiated to  an  average exposure of 1250 Mwd/ton continues to reveal  no 
detrimental  features.  

1 1 0 2 9 8 9  
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Two fluted single tube N-Reactor fuel elements successfully 
completed a second cycle of irradiation in the ETR. Exposure on these 
elements is now 400 Mwd/ton. Two irradiation tests of fluted N-inner compo- 
nents continued with the exposure in these two tests now being 1300 Mwdhon. 

Fabrication of two lots of "self brazed" c losure  N-inner fuel  compo- 
nents has been completed. These elements are being evaluated for  i r rad ia-  
tion test purposes. 

Analysis of N-Reactor fuel c losures  indicates a factor  of three to  
four  reduction in stress level is possible by proper shaping of the closure.  

T e s t s  simulating the wear  of N-fuel supports on process  tubes contin- 
ued to show a minimal w e a r  after four series of tes ts .  Other charging tests 
of N-Reactor fuel elements w e r e  performed to  evaluate the effect of the 
magazine-to-nozzle transit ion and the nozzle-to-pressure tube ro l l  joint on 
the sui tcase handle supports. Gouging noted on the shoes of two charges 
w a s  attributed t o  the soft  i ron sh ims  used between the supports and support 
shoes to  provide the proper support height. 

A program was initiated this month to  study the irradiation perform- 
ance of tr i t ium ta rge t  mater ia ls  under N-Reactor conditions. 
of double clad target rods are being fabricated with a 0. 91 and 2. 10 w t  70 
lithium content. 
cans.  Aluminum end caps must  now be welded in place and the rods a s sem-  
bled into a second can of Zircaloy-4. 

Two series 

Billets have been prepared, fabricated, and sized into A1 

Phosphorus in  quantities up to 400-500 ppm has been introduced into 
the enriched fuel s t r eam for  the N-fuel and for  the present  reac tor  I&E fuel 
as a resu l t  of s c r a p  recovery process  changes at NLO. Evaluation.to date 
indicates that  phosphorus fo rms  a eutectic between U P  and U. This behavior 
is quite unlike that of other nonmetallic impurit ies such as C, 02, and N2. 
Careful evaluation of effects of phosphorus throughout the fabrication process 
wi l l  be required to  establish a meaningful specification. 

DECLASS i F E ED 
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,Evaluation of M40H as a substitute fo r  LiOH to adjust  pH in 
N-Reactor w a s  delayed by operating difficulties of KER- 1. While attempting 
to establish a satisfactory initial base operation before proceeding with the 
change from LiOH to NH40H, unexplained high crud levels w e r e  observed. 

Corrosion penetration of aluminum coupon samples  was less in  
quachrom glucosate inhibited water than in  dichromate inhibited process  
water  based on tests in the single pass  KE tubes. 

The distribution of radioisotopes deposited on fuel elements in a 
typical KE tube was determined for  the first time. The activity distribution 
corresponded to  the corrosion intensity. 

A procedure to  monitor sodium concentration and thus detect leakage 

, - * .  . of raw water into the N-Reactor secondary system has been evaluated and 
. . . .A 

ved satisfactory.  

Zircaloy-2 coupons with thick oxide fi lms were  found to  hydride in 
1 month in a He-H2(37o)-CO (2%)-H20 (0 .4  mm)  gas mixture a t  both 375 and 
425 C, whereas  thinly filmed samples  did not hydride. This resul t  indicates 
H 2 0  inhibition of gas phase hydriding of Zircaloy-2 process  tubes may fail 
if extensive corrosion produces a thick film. 

In studying the nickel plating of uranium, it has been discovered that 
gas pitting of uranium during the preplating electrolytic etch is reduced by 
ultrasonic agitation of the piece at 30 kc. 

Pits, penetrating one-third of the pipe wall, have been observed 
radiographically i n  static sections of PRTR softened water  and PRTR process 
water  systema. No pitting is observed in sections of these sys tems where 
flow is maintained. 

Intital measurements  of the kinetics of the water gas shift  reaction 
CO + H 2 0  * C 0 2  + H2 indicate l i t t le reaction at N-Reactor temperatures .  

An expression describing the burnout profile in D-Reactor was 
derived from rate expressions,  temperature  dependences, and reac tor  tern - 
perature  profile. 

I 1 - 0 2 C \ 4  I 
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EGCR graphite samples have been i r radiated to  1.4 x nvt 

( E >  0. 18 Mev). Examination is not yet complete. 

Graphite samples  compression-loaded to  300 psi  were  found to  have 
contracted t o  a grea ter  extent than unstressed samples;  however, the change 
was less than in  the first i r radiat ion period. 

The gamma induced water-graphite reaction rate was found to  be 
proportional t o  dose rate .  

The effect of vacuum degassing in lowering the initial ra te  of oxida- 
tion of graphite by C 0 2  w a s  explained on the basis  of removal  of C 0 2  f rom 
the active sites and slow re-establishing of the steady state condition. Rate 
expressions applicable to the nonsteady state period w e r e  derived. 

Calculation of the space-energy distribution of neutrons in the ETR 
disclosed s teep  flux gradients over irradiation positions that  could lead 
to  ser ious  e r r o r s  in interpretation if monitors are improperly used. 

Flow character is t ics  were  determined for aluminum support pieces 
to  be placed in empty tubes at K-Reactor to  decrease  the flow rate and thus 
prevent cavitation in the inlet fittings. 

The boiling burnout data f rom a 0.050-inch spaced 19-rod bundle 
which had s m a l l  "warts" to maintain spacing between rods  were  compared 
with previous data obtained with a t e s t  section using w i r e  wraps on 12 of the 
rods  to  maintain spacing. 
very  closely and indicated no effect of the w i r e  wraps on boiling burnout. 

It was found that the burnout heat fluxes coincided 

Approximately 1990 two-phase, p ressure-drop  data  points w e r e  
obtained for  typical reac tor  piping and fittings at flow rates between 500,000 
and 4,000,000 lb/hr-ft and at coolant conditions between all liquid and 25% 

steam by weight. 

2 

The General Electric Technological Hazards Council has endorsed 
increase  of the PRTR heat t ransfer  flux l imit  from 400,000 to 650,000 
Btu/(hr)(ft  1, and of the tube power l imit  f rom 1200 to  1800 kw (AEC approval 2 
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required).  

valves open properly and co r rec t  operator  action is taken at approximately 
the right t imes.  

The Council concluded that boiling convection cooling in  PRTR 
t is adequate in event of a total power failure provided the p res su r i ze r  relief 

AEC approval has been received to  operate the PRTR Fuel  Element 
Rupture Testing Facility. 

Design and fabrication of the second generation mechanical shim 
rod  for  PRTR continued with fabrication of the drive head approximately 
7070 complete. A first generation shim rod  will  be tested in a shim rod  
environmental test facility recently completed. 

. .  

Experiments w e r e  continued to  develop a procedure for  monitoring 
zirconium concentrations in the PRTR coolant as an  indication of frett ing 
corrosion. Duplicate analyses of one sample  analyzed at an interval of 
4 days differed by a factor of 5 0 ,  indicating that the zirconium tends to  
precipitate o r  adsorb on container surfaces .  As a resul t ,  the validity of 
previous analyses is questioned. 

A radiation resis tant  television camera  has been considered f o r  
in-reactor  visual inspection of the PRTR Zircaloy-2 pressure  tubes. 
Measurement of electronic properties of a special  radiation resistant 
Vidicon showed no change after 1.1 x 10 R accumulated gamma irradiation. 
This  substantiates previous resu l t s  in which no degradation in  visual television 
picture quality was noted after th i s  irradiation. 
successful i r radiat ion of a television Vidicon tube. 

9 

This is the highest known 

A &all hole through the cladding of a vibrationally compacted U 0 2 -  
PuOz fuel rod  was found in  a PRTR Mk-I fuel element that  w a s  suspected to  
be a leaker  on the basis of stagnant water  tests. No evidence of waterlogging 
was seen, and slight fuel washout occurred. Other suspected leaky elements 
w e r e  examined without discovering cladding defects. 
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Center  void and columnar grain formation, found in incrementally 
loaded, swaged U02-Pu02 fuel rods f o r  the first time, was  accompanied 
by normal  cladding behavior. Other out-of - reactor  experiments confirmed 

that low temperature  irradiation sintering observed ea r l i e r  in swaged U 0 2  
PRTR fuel rods was  not a gross thermal  effect. 

Destructive examination of a PRTR Mk-II (nested tubular) fuel 
element after irradiation to 1360 Mwd/to% revealed that interpal p re s su res  
of re leased fission gases and desorbed impurity gases were  less than antic- 
ipated. 

A PRTR fuel  element equipped with modified 360' contact-type end 
brackets  and exposed for 2 weeks under PRTR conditions in an out-of- 
reac tor  loop, produced negligible frett ing corrosion on the pressure  tube. 

After 60 days of cooling, the rejuvenation t e s t  fuel element (GEA 4-81) 
is being returned to  HL from NRTS for  "recharging" with enriched material .  

Equipment for  remotely disassembling and overhauling damaged PRTR 

Operational testing of the new manipulator system in the remote fuel 
fuel elements was  fabricated and successfully tested in a simulated s torage 
basin. 
fabrication studies facility was nearly completed. Operation of the sys tem is  
sat is factory. 

Ideal particle s ize  distribution for vibrational compaction of fuel in 

Very high density (9370 TD) w a s  achieved, 
an  annular test element was calculated from a model developed by the 
Applied Mathematics Operation. 
indicating the applicability of the model to novel fuel geometries.  

High densities (99.070 TD) w e r e  achieved in high energy rate com- 
paction of U 0 2  sintered s c r a p  using higher impact p re s su res  than previously 
believed possible with tool steel punches. 

A tes t  program for  prototype EBWR U02-Pu02  fuel rods was  prepared. 
The first irradiation tes t  capsules containing impacted U 0 2 - P u 0 2  were  
assembled and shipped to  NRTS for  irradiation. 

0 ECLASS I FI ED 
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Tungsten cladding components were  joined successfully by magnetic 
force  welding without producing la rge  recrystall ized grains that normally 
appear in fusion zones. The first successful joining of W - U 0 2  cermet  
mater ia l  was achieved by magnetic force welding. 

A technique was developed for  fabricating 4-inch-diameter, solid 
ce rme t  discs  approximately 1 inch thick by impaction. W - U 0 2  cermets  
completely encased in tungsten were  formed by loading the ce rme t  powders 
in the impaction container surrounded by a nonfueled layer  of tungsten 
pow der .  

Both phases in UN-W cermets  reacted appreciably with oxygen at 
1000 C, but little interaction occurred between phases. 

The melting point of UOS, prepared by deposition from molten salt, 
was determined as 1880 C. 

In cooperation with Chemical Laboratory personnel, simulated 
fission product oxides were impacted in both 2 . 5 -  and 4-inch-diameter 
containers.  Materials impacted included SrTi03 ,  SrO, Ce02,  and Nd2o3. 

Self-damage of P u 0 2  and @-Pu2O3 f rom alpha radiation caused 
and 0.70 x lattice expansions of 0. 35 x 

100 days. 
axis.  

Aa!a, respectively, in  
a 11 1 1  @-Pu203  expansion of the "cl' axis was grea te r  than of the 

Pre l iminary  measurements of thermal  conductivity were  made on 
single-crystal  and polycrystalline U02 to  2000 C, greatly extending the 
temperature  range of previous measurements.  As predicted, the thermal  
conductivity of the single c rys t a l  oxide w a s  grea te r  than that of the poly- 
crystall ine mater ia l .  

The thermoelectric potential of U02 was successfully measured in- 
The polarity of the thermoelectr ic  effect reversed  from p- to reac tor .  

n-type as the temperature  increased. 
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U 0 2  microcores ,  as s m a l l  as 0.015-inch diameter,  were extracted 
from U 0 2  samples  by ultrasonic drilling. This new technique permits  
grea te r  accuracy in studies of fission product relocation. 

Fabrication of 11 Zircaloy-2 clad thorium-uranium fuel elements 
is complete. 
tion testing in the ETR. 

These  elements will be autoclaved in  preparation for  i r r ad ia -  

An optical s t ra in  readout system has been developed which has no 
real l imit  t o  its range, a character is t ic  that will be extremely useful in 
measuring the l a rge  s t ra ins  involved in stress rupture testing. 

Metallography samples  f rom the AIS1 316 SS inner l iner  of helium- 
cooled DR-1 gas  loop were examined. Samples from the high flux-high 
temperature  region, 100-1200 F, showed a la rge  amount of second phase 
precipitate at the grain boundaries. Samples from lower temperature,  
800-1000 F, no flux region, were f r ee  f rom this second phase. 

Oxidation tes t s  of Hastelloy X, a heat res i s tan t  nickel-base alloy, 
in laboratory air and pure oxygen have been made at 1000 C on as-received 
and abraded sheet  specimens. Weight gain curves for all tests deviate. no 
more  than 15% f rom one another for  the 48-hour duration of the tests. 

The occurrence of minimum hydrogen pickup for  10% cold-worked 
Zircaloy-2, in-reactor ,  has been further explored by x - ray  diffraction 
studies which showed a highly oriented texture  in annealed mater ia l  with 
the basal  planes predominantly paral le l  to the rolling plane and a reduced 
intensity of orientation in  this mode. 

Two thorium specimens i r radiated to  burnups of 0.18 and 0.92 at.% 
at e300  C are being vacuum annealed at 7 5 0  C for  100 hours. 
hardness,  and density will be determined. 

Metallography, 

- 
Notched beams of 23% cold-worked Zircaloy-2 containing a sha rp  

It was observed that a sha rp  transit ion from ductile to  brit t le f rac ture  
fatigue crack were  tested in bending at temperature  intervals  from -196 to  
22 C. 

t 
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occurred from -60 to  -80 C, and that the range w a s  the s a m e  for  specimens 
cut in  either the longitudinal o r  t ransverse  direction of rol led sheet. 

In an in-reactor c reep  tes t  on 207'0 coldworked Zircaloy-2 at 20,000 
ps i  stress and 350 C, the c reep  rate during a 10-day down-period which 
occurred short ly  after the capsule w a s  charged did not show the sha rp  
increase typical of tests run previously at 30,000 psi. 

Tensile testing has been conducted on severa l  samples  of iron of 
varying impurity content to  character ize  the role  of inters t i t ia l  impurities 
in the deformation mechanisms of unirradiated iron. 
of these samples  showed marked differences in behavior which were depend- 
ent on the purity. 

The yielding behavior 

Procurement of mater ia ls  for  the coordinated Irradiation Effects on 
Reactor  Structural  Materials Program is continuing. Plates 4 inches thick 
representing 18,000 pounds each of A-212B and A-302B p res su re  vesse l  
alloys were  received on site. S t r ip  and rod of AIS1 406 SS have been ordered 
and bids have been received for  sheet,  plate, and rods of AB1 304 SS, 
AIS1 348 SS, and A M  355 alloys. 

X- ray  lattice parameter  measurements on i r radiated and unirradiated 
single crystals  of molybdenum containing 10 and 100*ppm carbon show a 
difference of about 0.0003 A between the outside edge and the center of the 
electron beam zone refined crystals .  
opposite effect has been measured in polycrystalline specimens.  

This was not expected, since an 

A total  of 20 molybdenum single c rys ta l s  have been tested in tension, 
utilizing a t ime lapse photographic technique to  record  the onset of double 
necking and other  forms of nonuniform deformation. 

Defect s t ruc tures  have been observed in high purity, polycrystalline 
molybdenum which contains c 10 ppm carbon as well as > 100 ppm carbon 
a f t e r  exposures of lo1' nvt (fast). The interaction of moving dislocations 
with these defects has been investigated. Transmission electron microscopy 

DECLASS I F f E D 
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has revealed that the defects formed during i r radiat ion are eliminated by 
moving dislocations, and that the latter operate only in  d iscre te  channels. 
These observations afford d i rec t  physical verification of what constitutes 
radiation hardening, and why coa r se  s l ip  is prefer red  over  fine slip. 

Plastic deformation by compression of the beta phase has a marked 
effect on the B- a transformation of plutonium. Reductions in thickness 
at 150 C, in the range 60-9770, affect the. density of the beta phase by as 
much as i 0 . 4  g /cc  and increase the density of the alpha phase formed at 
79 C by as much as 0.1 g/cc.  
of 8 -,a transformation at 79 C in nondeformed metal  is increased by a 
factor  of 10-15 by the deformations used. The decreased rate of t rans-  
formation af ter  plastic deformation is an indication that the B - a  t rans-  
formation may be a nucleation and shear  transformation. 

The incubation t ime necessary  for  the start 

The feasibility of reducing an ''as cast ' '  plutonium plate 0.100-inch 

No work hardening is apparent and fur ther  evaluation is under 
thick by rolling at 70 C to a final thickness of 0.012-inch has  been dem- 
onstrated.  
way. 

The basic Fast Supercr i t ical  P r e s s u r e  Power Reactor (FSPPR) 
co re  design was simplified by providing for  one instead of two moderating 
regions separating fast-core  regions , and thereby reducing the required 
fuel  enrichment by 270 (from 1370 to 1170 fissile). With some redistribution 
of enrichment, an  acceptable power distribution can be attained while still 
maintaining safe  reactivity coefficients. Plant  efficiency of FSPPR is 
calculated as about 43. 870, versus  43.070 for  the thermal  SPPR. Fue l  
element fabrication cost, using Rene-41 tubes and jackets, is estimated at 
$300 f 50/kg U + Pu, which, at a burnup of 100,000 Mwd/metric ton, 
resu l t s  in a fuel cycle cost  of about 1 mill/kwh. 

Work is proceeding on a 10 Mw(e) epi thermal  reac tor  concept, 
fueled with "Phoenix Fuel" plutonium isotopes, t o  provide power for  a base 
on the moon. This reac tor  concept utilizes plutonium nitride fuel, yttrium 

. 
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or  zirconium hydrides as moderator,  and is lithium cooled. Power is 

temperatures  wi l l  be in excess of 2000 F. 

2. Physics and Instruments 

L recovered through a potassium secondary coolant system. Reactor coolant 

Reactor physics work in support of N-Reactor continued with the re- 
analysis of experimental data on the lattice parameters .  Smal l  correct ions 
have resulted in  the value of two parameters .  

- Studies of the physics problems associated with re-tubing production 
r eac to r s  w e r e  done using an  exponential mockup of C-Reactor.  Buckling 
measurements  were  made in an overbored latt ice fueled with standard 
uranium elements. 

In computer code development, a program was writ ten that will be 
useful in determining the maximum permissible  dimensions for  variables 
in  a program that wi l l  not exceed the computer co re  memory  space. The 
GROUSS code w a s  made more versat i le  by the insertion of the multilevel 
Breit-Wigner formulation for  describing neutron c r o s s  section resonances.  
System checkout of the RBU code with the improved thermalization model 
began during the la t ter  par t  of the month. The complete CALX burnup code 
system consisting of programs GAM, TEMPEST, SIGMA-3C, CALX burnup, 
and two sma l l  control programs chain linked together has  been successfully 
run  as a unit with CALX doing a burnup calculation based upon the c r o s s  
sections generated by GAM and TEMPEST and assembled by SIGMA-3C. 
The linking of the programs by the computer will greatly decrease  the data 
handling by the program user .  

A N-Reactor pressure  -injection analog simulation investigating the 
t ransient  effects of loss  of power to  one o r  more  pumps, process  tube diver-  
sion, reac tor  power level excursions, and s c r a m  conditions has been completed 
with highly satisfactory resul ts .  Some 200 separa te  cases were  investigated 
in  a 2-week, two-shift per  day study. 

DECLASSi F IED 
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Criticali ty studies on plutonium ni t ra te  solutions continued in an  
.- 11.5-inch diameter  water reflected sphere.  Plutonium concentrations 

were  in the range 80-220 g P u / l  with a n  acid molarity of about 0.3. Repairs 
. w e r e  required on the dump valve fo r  this system. 
ing solution into the dump tank. 

The valve had been leak- 

Very promising resu l t s  w e r e  obtained from pulsed neutron exper-  
iments performed in the cri t icali ty sphere mentioned above. 
technique a good prediction w a s  made on the cr i t ical  volume of a plutonium 
ni t ra te  sphere.  

Using this 

This  technique gives promise of leading to the development 
of a "criticality meter .  I 1  

Studies on the cri t icali ty properties of plutonium precipitates and 
polymers moved a s tep c loser  this month with the installation of a remotely 
operated cri t icali ty machine i n  the second hood at the Cr i t ica l  M a s s  Labora-' 
tory. Tes ts  are being performed on the speed of action of the control and 
safety rods for  this machine. 

Calculations were  made which indicated that the maximum buckling 
obtainable with tubes of 1.0370 enriched uranium does not exceed the maximum 
buckling obtained fo r  optimum s i z e  fuel rods of the s a m e  material .  

Five Nuclear Safety Specifications w e r e  reviewed. Participation in 

the activities of the Recuplex Deactivation Committee was continued. 

Work continued on the development of a method for  analyzing partially 
filled spheres  of fissile mater ia l .  
leakage from the volume is being developed. The code w a s  used to solve 
the problem of a hemisphere, and w a s  found to  have a precision of 0.670. 

The subcrit ical  assembly interaction program INTERSE T is being generalized 
to  account fo r  interaction between resul ts  of various concentrations and 
vesse ls  with surrounding reflection. 

Improvements on the handling of neutron 

A D-Reactor production test w a s  approved to  evaluate equivalent 
multivariable reac tor  models which are being studied as a means for  devel- 
oping optimum reac tor  control systems.  

I 1 0 3 0 0 0  
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Measurements w e r e  s ta r ted  on the inelastic scat ter ing of slow 

neutrons from light water at 95 C. Measurements w e r e  completed for  
neutrons with two different initial energies  and with a single energy after 
scattering. 

Work continued on the development of apparatus to  measure  slow 

Data obtained on the interaction of fast neutrons with Pm147-02 are 

neutron inelastic scat ter ing using time-of -flight techniques. 

being processed to  subtract  t.he effect of oxygen from the data. Nine new 
samples  of different elements are ready for  total  neutron c r o s s  section 
measurements.  

A more  exact mathematical expression is being used in deriving 
differential scat ter ing c r o s s  sections from the modified Gaussian f i t  t o  the 
energy level s t ruc tu re  of wa te r .  
with an  effort to  improve the neutron thermalization model of water. 

This work is being performed in conjunction 

The effect of neutron energy spectrum on the r eac to r  physics prop- 
e r t i e s  of Pu-A1 fuels is being measured in the PCTR. 
inch graphite lattice w a s  studied using 19-rod c lus te rs  of Pu-A1 fuel having 
a n  isotopic content of 20. 670 P u  

This month an 8 - 3 / 8 -  

240 . 
The PRCF achieved cr i t ical i ty  on March  2 1  with a loading of 25 U 0 2  

and 30 Pu-A1 fuel c lusters .  The moderator level  coefficient w a s  measured 
and found to  be about one-half that  of the PRTR. 

Work continued in  preparation for  the conversion of the PRCF to  
light water moderation. Assis tance was rendered in development of design 
criteria for  the conversion. Calculations were  made on the worth of the 
control and safety systems in  the converted PRCF. 

Equipment is being assembled to begin subcri t ical  measurements  on 
Pu-A1 fuels in light water. 
16% P u ~ ~ O .  Templates are being assembled fo r  the lattice spacing which 
will be 66 inches center  t o  center .  

The fuel will contain 2.0 wt% plutonium containing 

c 
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Studies to  compare PUN, P u 0 2  vs  U 0 2  as fuel for  compact, fast 
d spectrum space reac tors  a r e  continuing. The present calculations are 

being car r ied  out with the t ransport  theory S-XI code which handles neu- 
t ron  interactions in more  detail  than the previously used diffusion theory 
code. Phoenix fuel core  life studies for  a wide range of reac tor  types and 
fuel loadings are continuing at an accelerated pace. 
and higher Pu240 content fuel than previously assumed are indicated from 

Thinner fuel plates 

these studies. 

Destructive burnup analysis began on a Mark-I1 U 0 2  fuel element. 
The first two of the instrumented high exposure mixed oxide fuel elements 
have been delivered to the PRTR for  insertion into the reac tor .  Work 
continued on the development of an analytical model'to be used in analyzing 
the data coming from the PRTR. 

Cobalt, plutonium, and uranium samples  have been charged in 
KE -Reactor for  the purpose of determining neutron flux parameters  needed 
for  the development of regenerating neutron flux detectors.  The samples  
have received their  required exposure and are scheduled for  discharge at 
the next reac tor  outage, 

The usable parameter  separation range of th6 prototype eddy-current 
multiparameter nondestructive test instrument has been extended by the use 
of four-frequency driving signals. 
l inear ly  measured to 0.030 inch. 

The probe spacing parameter  is now 

Attempts t o  develop eddy current  methods of inspecting Zircaloy- 
clad thermocouple wires  intended for  N-Reactor installation are progressing 
favorably. A differential  test coil operating at 250 kc has  revealed seve ra l  
defect indications on typical specimens which are presently being examined 
destructively. 

A project proposal for  design funds for  the High Temperature  Lattice 
Testing Reactor is being circulated for approval signatures.  Work on the 
final design criteria is progressing'. 

I 1 0 3 0 0 2  
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M a s s  spectrometer  data should be improved with the development 
4 of a scintillation type ion detector which is currently under way. Final  

design of such a detector is now in progress .  

Operation of the recharging pocket dose meter  has been extended 
to  17,000 cycles of continuous duty by the use of a platinum fiber and an  
electrically conductive Teflon center  rod. Each  cycle corresponded to 
accumulation of a radiation dose of 100 m r .  

Work on the analysis of atmospheric dispersion data collected over 
the past  3 yea r s  continued with emphasis on relating measurements  of 
dispersion to  meteorological variables.  
progressed through successful completion of a difficult scavenging field 
trial during the month. 

Precipitation scavenging studies 

Radiological physics work continued on: P32 counting, shadow . 

shield calibration, X-ray  scintillation counting, cosmic r a y  measurements , 
neutron source  studies, and calor imetry of P m  . 147 

The precision long counter for  neutron measurements  that w a s  sen t  
to Mound and Argonne laborator ies  for comparison studies w a s  returned to  
Hanford to determine if  it had remained stable. It may not have; two tests 
have indicated s m a l l  but detectable changes. The changes indicated, however, 
were. in opposite directions. 

3. Chemistry 
32 

In-reactor  tes t s  show that the concentrations of Np239, P , 
MnS6, C U ~ ~ ,  and Na24 in effluent water are significantly reduced (relative 
to  control sys t ems  utilizing aluminum components) when Zircaloy tubes are 
charged with Zircaloy fuel elements and cooled with deionized water. 

In half-reactor tes t s  no significant difference in  the corrosion r a t e  
of aluminum reac to r  components is observed when coolant channels are fed 
with high-alum-treated vice low -alum-treated water .  
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In laboratory studies , two organic, water  dispersible coating agents 
were  found which effected a ten-fold reduction of 
minum surfaces .  

adsorption onto alu- 

Analytical results of ground water samples  f rom deep fa rm wells 
located on the Columbia Basin Irrigation Pro jec t  just  east of the Hanford 
Pro jec t  give no indication that contaminants of Hanford origin have entered 
the wel l s .  

A l l  ver t ical  monitoring wells in the 241-A tank fa rm were  relogged 
during March and the data obtained were  compared with earlier (February)  
resu l t s ;  little change was noted. 

The CSREX solvent-used to  coextract  strontium, cesium and rare 
ear ths  from Purex  waste-was found to  Gegrade when contacted with a 1-M - 
€€NOQ solution. Degradation 21 the solvent was not observed with 0.5M - 
HN02 solutions. Solvent attack is probably initiated by nitri te ion. 

In laboratory studies, the use of uranium(1V) vice fe r rous  sulfamate 
as a plutonium partitioning agent in the Purex  1BX column is found to  increase 
significantly plutonium reflux. 

Hot air drying of selected natural  and synthetic zeolites does not 
cause significant dusting of the ion exchange mater ia l  nor entrainment of 
fines in the off-gas s t ream.  

The volatilization of fission product strontium and cesium from 
synthetic zeolites during hot air drying tests ranges from 0.01 to  0.1%. 

Hot cell equipment w a s  fabricated to test the absorption of fission 
product strontium by a synthetic zeolite and to  evaluate operational problems 
which might be encountered during hot air drying of the bed o r  as a con- 

* sequence of long-term storage.  

Crude beet sugar  and cane sugar  molasses  are found to  be potential 
replacement reagents,  vice formaldehyde o r  sucrose ,  f o r  effecting the 
denitration of Purex  waste 
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Crystall ine UOS was prepared by the H2S sparging of a molten 
chloride melt  containing U(1V). 

Evaluation of the vibratory decladding of U 0 2  fuels showed that the 
average U 0 2  loss  to the cladding f rom seven half-section cold-swaged rods 
and three  half-section vibrationally compacted rods w a s  0.072 and 0. 01470, 

res pe ct ivel y . 
Crushing of electrolytic U02 by paral le l  plates mounted in a 

hydraulic p re s s  has produced products with a particle size distribution 
required for  vibrational compaction. 

Operation of the 18-inch radiant heat spray  calciner with synthetic 
w a s t e  containing mercury  compounds showed that mercury  volatilizes f rom 
the calcine at temperatures  above 450 C but redeposits on the calcine in the 
off-gas t ra in  at temperatures  below 350 C .  

In the radiant heat sp ray  calcination of alkaline Purex  waste, 
contamination of the off -gas apparently resu l t s  from fission product 
entrainment rather than volatilization. 

A method for  the determination of Pm147 in urine was developed 
which is short ,  simple and has a detection l imit  of less than 10 d is /min  
f o r  a 10-minute count. 

60 Long-lived, organic free radicals were  observed during the Co 
ir radiat ion of oxygen-free, p-nitroaniline solutions. 

High density compacts of strontium oxide, neodymium oxide (stand-in 
fo r  Pm203),  and ceric oxide w e r e  prepared by high energy r a t e  impaction 
techniiues (Dynapaking). A new container design successfully elimated 
weldment c racks .  
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- 4. Biology 
.A 

No difference w a s  noted in  mortali ty of young chinook salmon 
exposed for  10 weeks to 3 and 670 reac tor  effluent water containing either 
dichromate o r  Quachrome Glucosate. Growth depression among f ish in the 
670 effluent w a s  noted, however. 

It appears that  some t rout  can develop resis tance to  the columnaris 
organism by prolonged exposure to  the disease.  Small  and la rge  salmon 
fingerlings of the s a m e  age were  equally susceptible to acute death f rom 
columnaris.  

A surprisingly large fraction (0.7) of Zn65 oral ly  administered to  
f ish is excreted through the gil l  t issue.  I t  a lso appears that  young t rout  
re ta in  more  Zn65 than older trout.  

. 
c 

45 The discrimination of bones in pigs against S rgO relative to Ca 
was found to  change with t ime.  
earlier work done with rats. 

This  corresponds to theory and confirms 

A female miniature pig whose bones had received about 100 r ads  
per  day for  6 weeks due to  the ingestion of S r g O  gave bir th  to  an apparently 
normal  offspring. 

The I l Z 7  being fed to  two of the three  cows was increased from 5 to 
' 1 5  m g  per  day. This caused a 4070 drop  in thyroid 1131 and a slight increase - 

131.  in milk I 

Female  miniature goats fed 1131 daily are showing in thyroids 

Nursing offspring have thyroid burdens of 1 / 4  t o  1 / 2  that of the 
of t h ree  to  four t imes  the daily dose ( s imi la r  to  that observed years  ago 
in  sheep). 
mothers.  

TTHA w a s  found to  be only slightly more  effective in removing P u  
than DTPA when given orally. 
agents were given for  9 days, neither agent w a s  found effective. 

In chronic t reatment  studies,  where the two 
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One dog died after being exposed to about 6 pc of Pu23902 for 1200 
days. Cause of death w a s  cardiac failure. 

By u s h g  C14-labeled taurocholate and cholic acid, it was shown 
that irradiation of the GI tract does not decrease  absorption of bile salts 
from the intestine. 

Like the effect of D20 on animal cells, yeast  cells exposed to  D20 
showed decreased cell division rate, but little change in total  growth. 

Antennal character is t ics  in Tribolium beetles exposed to radiation 
appear  to provide a convenient measure  of radiation damage to the beetles.  

Barley seedlings w e r e  shown to take up 1131 f rom nutrient solutions 
three  t imes faster during the da rk  periods than during the light periods, 
with the uptake of water being reversed.  Since uptake of 1131 is nearly 
completely dissociated from the uptake of water, w e  may have definite 
evidence of a specific metabolically driven process  in plants. 

The uptake into plants of W185 increased with increase in pH of the 
so i l  over about an  8-fold range. 

T e r r e s t r i a l  ecology included work on the relationship between loss  
of so i l  moisture  and vegetation growing on it. At Rattlesnake Springs, 
population measurements  are being made of aquatic plant and insect commu- 
nit ies . 
5. Programming 

Cm244 production capabilities in civilian power reac tors  are being 

The preliminary resu l t s  show 
studied under a variety of conditions of exposure, feed mater ia l  composition, 
reac tors  , and r eac to r  operating variables.  
quite c lear ly  that  for  exposures considered normal  for today's power reac tor  
conditions , reasonably pure Cm244 cannot be recovered at discharge unless 
essent ia l  pure Pu242 could be used as the target material .  The decay of a 
substantial  fraction of the Pu241 throughout the exposure and the accompanying 

. 
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conversion of the resulting Am241 produces la rge  quantities (10 to 80%) of 
Cm242 in the curium product. If it is assumed that Cm244 at recovery 
must  not contain more  than 2% 

without aging for  2 to 4 years  t o  reduce the Cm242 content t o  acceptable 
levels.  
simple recovery of valuable and fairly pure Pu238 equivalent to  the C m  

..e 

such quality cannot be obtained 

However, such an aging would resu l t  in  the formation and possible 
242 

which has decayed. 

Although civilian power reac tors  have potential for the production 
of higher isotopes when burning plutonium, they should also be important 
sources  of high exposure plutonium that will be valuable as feed to selected 
reac tors  in which prolonged plutonium burning will be emphasized. Thus , 
i f  curium has a high value, certainly the precursor  isotopes a l so  have 
appreciable value. In fact, with Cm244 value in the range of $400 to $800 
per  gram, common isotopes such a s  Pu242 necessary fo r  the formation of 
Cm244 will a l so  tend to hzve an equivalent high value. 
significant value for  this nonfissionable, nonfertile plutonium isotope could 
have more  than moderate repercussions in the a r e a  of power reac tor  fuel 
cycle analysis and in power reac tor  operation to  adopt conditions favorable 
for  Its (and higher isotope) formation r a the r  than i ts  burning. 

This  concept of a 

HW-76323, "Radioisotopic Heat Sources,  " b y  C. A.  Rohrmann was 
issued and distributed March 27, 1963. This document discusses  the 
character is t ics  of all radioisotopes which have ser ious potential as heat 
sources ,  including both nuclear character is t ics  and economic considerations. 

TECHNICAL AND OTHER SERVICES 
I 

There  were  no new plutonium deposition cases confirmed during the 
I 

month. The total  number of plutonium deposition cases  that have occurred 
at Hanford is '316 of which 229 are currently employed. 

The annual distribution to  each employee of individual exposure 
record  cards  indicating exposure from whole body penetrating radiations 
was completed. 

U 
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The approach to the N-Reactor reliability study has been broadened 
to  include an application of the Monte Carlo method for  determining percent- 
age of t ime spent by the reac tor  in any of the modes of operation being con- 
sidered. This provides a very faithful model of the reac tor  system and the 
operating rules  which apply to it, while avoiding the sticky problem of 
writ ing and solving a large number of simultaneous differential equations. 

A topical study was made of the measurement e r r o r  s t ruc ture  f o r  

.L 

the nondestructive tes te rs  used in the evaluation of fuel quality. 
emphasis was given an evaluation of the economic consequences of the exist- 
ing measurement e r r o r s .  It was concluded that immediate s teps  should be 
taken to eliminate biases,  but that at present, there s e e m s  to  be little 
incentive for improved precision. 
were  presented. 

P r imary  

Concrete proposals for  reduction of bias 

In pursuance of the solution to  the rail height specification problem 
fo r  self-support  K-Reactor fuels, an expression was found relating minimum 
annulus between the fuel element and the process  tube wall  as a function of 
tube and fuel element radii ,  rail height, and angle subtended at the fuel 
center  by the rails. 
both rails supporting the underside of the fuel are more  than likely not equal 
in height, is being used in a computer simulation which gives the distributions 
of minimum annulus as functions of input distribution for  the independent 
character is t ics .  

This expression, which takes into account the fact that  

A rough analysis was made of rupture data for the past  2 years  to  
11 est imate  what proportion of ruptures are atypical". This  estimate was 

found by examining the distribution of "multiple-failure" charging dates,  
confounded with "multiple-failure" lots, and was checked by observing the 
proportion of ruptures  occurring at exposures l e s s  than 50% of goal. Under 
the existing rupture model, about 370 of the l'normalll ruptures  will occur at 
these low exposures. 

I 1 0 3 0 0 9  
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A review is being made as requested of the current  CPD practice of 
using monthly bias corrections for  analytical resu l t s  based on monthly 
analyses of s tandards.  

Consulting assistance w a s  provided in expressing minimum fuel cost 
24 3 as a function of pr ice  values assigned to the isotopes of plutonium, to Am 

and to  Cm244 for  each of s eve ra l  reac tor  cases and associated ground rules  
of operation. F o r  the cases  considered to  date, very simple expressions 
were  found. 

An analysis of a series of tes t s  of shear-spinning preformed metal  
blanks into selected shapes indicated the desirabil i ty of possessing a means 
of designing such blanks which would be rapid, yet flexible to alternative 
selections of design parameters ,  An EDPM program, based on a modified 
uniform shear  theory, and which exhibits the desired flexibility, has been 
writ ten and placed in service.  

The EDPM program which generates the magnetic tape input to the 
experimental  6-u, lathe, has been slightly modified in an attempt to  prevent 
nonuniformly spaced bits f rom jamming the pulse motors. 
exter ior  contour tape has been generated using the modified techniques and 
is presently under study .on the lathe. 

A complete 1251 

The EDPM program f o r  obtaining numerical  solutions to a simulta- 
neous s e t  of first o rde r  ordinary differential equations has been completed. 
A function comparison subroutine was writ ten and added to  the basic program. 
This program is now being used to  study the N-Reactor s tack gas chemical 
reactions which are vital t o  the Zirconium -Graphite compatibility problem. 

An experimental model of a vibrationally compacted annular shaped 
This sets fuel element was fabricated to a density of 93.370 of theoretical. 

a new density record.  

During March a new and unknown crys ta l  was indexed from a powder 
pattern on an orthorhombic basis  usyhg the program being developed f o r  
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this purpose. Subsequently, a single c rys ta l  of the compound was analyzed 
independently, which verified that the computer solution was correct .  It 
is believed that this is the first t ime a comprehensive computer program 
has  ever  indexed a complicated crystal ,  such as an orthorhombic one, 
exclusively from powder pattern data, and subsequently to have had the 

- 6  

indexing prove correct .  

Many improvements were  made and many e r r o r s  corrected in the 
new IRA I1 system during March. These improvements have significantly 
reduced the running t ime on seve ra l  passes .  Several  successful process-  
ings of large amounts of program data w e r e  completed, Work continues on 
the specification of improvements to  the system. 

SUPPORTING FUNCTIONS 
- .  

The output of PRTR f o r  March was 963 Mwd for an experimental 
t ime efficiency of 63% and a plant efficiency of 57. 670. There were six 
operating periods during the month, one of which w a s  terminated by a s c r a m  
as a resul t  of pressur izer  high p res su re  following malfunction of a pressure  
control valve. Two shutdowns were  made because of high D20 collection in 
the recovery system, two were  a resul t  of personnel e r r o r s ,  and one was 
required when both high p res su re  helium compressofs  failed to function 
properly. 

Fue l  exposure history at month-end was: 

Maximum U02 exposure/element 3030 Mwd/tonU 
Average, U02 exposure /element 2124 Mwd/tonU 
Maximum Pu-A1 exposure /element 85.8 Mwd 
Average Pu-A1 exposure /element 69.8 Mwd 
Maximum Moxtyl exposure/element 49.1 Mwd (- 982 Mwd/tonU) 
Average Moxtyl exposure /element 32.0 Mwd (-640 Mwd/tonU) 

1 1 0 3 0 1 1  
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A total of 5.9 kg of plutonium was recovered at the Redox plant, 
f rom 32 i r radiated Pu-A1 fuel elements. Composition of the final Redox 
product w a s  as follows: 

- c  

239 
240 

P u  
Pu  

74. 678 
21.468 

3.418 24 1 Pu 
242 Pu  0.440 

A total of 104 outage hours was charged to  r epa i r  work. The 
majority, 62 hours,  was required for  high pressure  helium compressor  
repa i rs ,  16  hours were  required for  gasket replacement, and 18 hours 
were  required for helium valve r epa i r s  to  eliminate in-line leaks. 
Compressor  difficulties were  t raced  to severe  wearing of piston rings.  
Four  tube-to-nozzle and 7 jumper-to-tube gaskets were  replaced. 

Nineteen uninterrupted days of beneficial use  were  realized in the 
The initial loading was established. Plutonium Recycle Cri t ical  Facility. 

The initial cri t icali ty milestone occurred on March 21. 

Mechanical design testing of the Fuel  Element  Rupture Test Facil i ty 
was 90% complete. A 24-hour-test at 2000 psig and 600 F was completed on 
March 24, 1963. 

Project  s ta tus  of the Gas-Cooled Loop Facil i ty remains  at 9470 
complete. 
failure.  

Blower delivery was again delayed due to a second thrust  plate 
The vendor was advised to  ship these blowers by mid-April. 
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Technical Shops Operation's total productive t ime for  the period 
was 23,194 hours. Distribution of t ime w a s  as follows: 

Man-Hours 7'0 of Total 

N -Reactor Department 3 845 16.58 
Irradiation Processing Department 3 964 17.09 
Chemical Processing Department 617 2.66 
Hanford Laboratories 14 768 63.67 
Construction Engineering and Utilities 0 0 

T o t d  productive t ime realized for Laboratory Maintenance Opera- 
tion was 18, 100 hours of a possible 19, 100 hours potentially available. 
Manpower utilization for March is summarized a s  follows: 

Hours Hours 

A. ShopWork 3200 
B. Maintenance 7600 

1. Preventive Maintenance 1900 
2. Emergency o r  Unscheduled Maintenance 1900 
3. Normal  Scheduled Maintenance 3800 
4. Overtime 500 

C. R&D Assistance 7300 

Heavy w a t e r  physical inventory at the end of March indicated a loss  
of 1185 pounds valued a t  $16,365. 
applicable to  PRTR and 20 pound to PRCF. Sc rap  generated during the 
month amounted to  1644 pounds ($1400). 

This loss  represents  1165 pounds 

A review by Accounting Operations of the zirconium inventory records  
maintained by Contract and Accounting disclosed that the zirconium inventory 
account was overstated $67,166 at December 31, 1962 and that costs  have 
been understated by an equal amount. The overstatement represents  almost 
entirely testing and inspection costs  that were  not charged to  operating costs 
as the mater ia l  was withdrawn from the inventory for  use.  
was made in  March to  co r rec t  the records.  

An adjustment 

The Capital  Equipment control budget was decreased $93,000 to  
agree  with the most  recent financial plan issued by RLOO-AEC. 

1 ' 1  0 3 0  I 3  
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Activity in the a rea  of visi tor presentations is summarized below: 

(Number Participating) 
Visitors Center  Plant Tours  

Number People Number People 
*- 

March: Groups 
Individuals 

Cumulative Since 
6 - 1 3 - 6 2 : Individuals 

6 220* 16 329 
- 1 5 3 3  329 

(*included) 

Professional recruit ing activity this month follows : 

Open Offers 
Plant Offers Acceptances Rejections at 
Visits Extended Received Received Month-End 

- . Ph.D. 9 5 1 7 
BS/MS (Direct I 

- Placement) 9 3 1 12 
BS/MS (Program)  61 22 16 162 

Five technical graduates were placed on permanent assignment. 
Two additions to the program were  made and two terminations occurred; 
its current  strength is 41. 

' Authorized funds for eight active projects total $6, 300,500. The 

total  estimated cost  of these projects is $7,745,000 of which $650,000 had 
been spent through February  28, 1963. 

HM Parker:JEB:dph 

9 M nager, anford aborator ies  
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REACTOR AND FUELS LABORATORY MONTHLY REPORT 

MARCH 1963 

TECHNICAL ACTIVITIES 

A. FISSIONARLE MATERIALS - 02 PROCRAM n 

1. Metallic Fuel Development 

- .  

Fuel Irradiations.  
second "N" outer fue l  element component (NOE) t o  be i r radiated a t  
prototypic conditions has been completed. No unusual features  or 
shortcomings were observed i n  the Be-Zr eutect ic  brazed closure, 
the fue l ,  clad, or the fuel-to-clad bond. A s l i g h t  build-up of 
corrosion product has been observed i n  a t igh t  crevice between a 
spot-welded support and the fue l  clad. The nature of the deposit 
i n  the crevice, however, suggests t ha t  the corrosion occurred 
during autoclave tes t ing  and not during reactor i r radiat ion.  
t h i r d  NOE has been received a t  the Radiometallurgy f a c i l i t y  f o r  . 
additional post-irradiation examination. 

Detailed post-irradiation examination of the 

A 

Two f lu ted  single-tube N-Reactor s i ze  fue l  elements completed the 
second cycle of i r rad ia t ion  in the ETR M-3 pressurized loop 
f a c i l i t y .  
lated on these t e s t  elements which w i l l  remain i n  place f o r  another 
cycle before removal f o r  an interim examination. 

An exposure of approximately 400 W / T  has been a c c u -  

Two other i r radiat ion t e s t s  of f lu ted  elements have both reached 
an exposure of about 1300 W / T .  
elements are being i r radiated i n  cold water i n  the KE Reactor. 
In the other t e s t  an N-inner s ize  f lu ted  element has completed 
five cycles of i r radiat ion i n  the pressurized high temperature P-7 
loop of the ETR. 

In one t e s t ,  three N-inner s ize  

Mm( I r radiat ion of I & E Fuel Elements. Recent i r radiat ions of 
thick walled uraniumtubes by SRL have resulted i n  volume increases 
considerably i n  excess of those t h a t  would be predicted solely from 
f i s s ion  gas swelling. Examinations have shown tha t  extensive grain 
boundary tearing has occurred in the  uranium resul t ing i n  large 
numbers of i r regular  shaped voids. Four Hanford I & E fue l  elements 
a re  being i r radiated i n  the GEH-4 loop f a c i l i t y  i n  the MTR t o  inves- 
t i g a t e  the possible occurrence of large volume Increases i n  these 
elements a t  intermediate temperatures. The average m a x i m  metal 
f u e l  temperature during the l a s t  cycle w a s  380 C. The fue l  elements, 
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which are now a t  an exposure of 500 EWD/T, have been temporarily 
removed from the reactor t o  make space available f o r  a short term 
experimnt. 
2000 MWD/T. 

Goal exposure of the I & E elements i s  approximately 

Fuel Measurements Programs. 
analysis program have been made which give card outputs suitable 
f o r  "mercy" evaluation of measurement errors .  A program has been 
in i t i a t ed  t o  s t a t i s t i c a l l y  determine the measurement errors  which 
ex is t  between the pre- and post-irradiation measuring equipment and 
three conservative measurement runs each on 10 inner and 10 outer 
N-Reactor type fue l  elements have been completed on the pre- 
i r rad ia t ion  machines. New reeds have been ins ta l led  I n  the post- 
i r rad ia t ion  measurenent machine and the machine i s  being checked t o  
determine whether t h i s  modification has eliminated a two- t o  three- 
mil d r i f t  which had previously developed, 

Modifications of the measurement data 

In-Reactor Fuel Deformation Studies. 
capsule and i ts  associated instrumentation have been shipped t o  the  
ETR f o r  i r radiat ion tes t ing .  
specimen and the deformation rate f o r  given load conditions w i l l  be 
measured while the specimen is  being i r radiated,  thus providing data 
on the  ef;fpects df f i ss ion  on the p l a s t i c  properties of uranium. 

An in-reactor strain-cycling 

Both the temperature of the uranium . 

"Self-Brazed'' Closure Development. 
l o t s  of "self-brazed" closure fue l  elements i r radiated under a Dro- 

Steps are  being taken t o  get two 

duction tes t .  
a f t e r  closure, and three beta-heat t reated before making the  closures. 
The la t te r  procedsre offers  advantages i n  time, economy and surface 
quali ty of the finished element, but the  compatibility of t h i s  pro- 
cedure with i r radiat ion requirements has not yet been evaluated. 

Specimens being given long-term corrosion tes t ing  i n  t h e  TF-7 high 
tenperatwe loop in K-East, including one whose weld bead had been 
removed t o  l a y  bare the braze annulus between cap and clad, appear 
unattacked after 84 days of exposure. 

This w i l l  include three specimens beta-heat treaied 

Lithium-Aluminum Target Element. An investigation t o  es tabl ish the 
irradiation performance of tritium targe t  materials under N-Reactor 
Conditions was  i n i t i a t ed  t h i s  month. A design f o r  the  proposed ir- 

The assembly consists of an Al-Li 
alloy cyl indrical  t a rge t  core (0.250'' ID x 0.625" OD x 7.50" i n  
length) doubly canned, unbonded, i n  O.O3O" C-64 Al a l loy  and 0.035" 
Zr-4 alloy. 
in order t o  minimize heat transfer resistances i n  the finished ele- 
ment. 

. radiation t e s t  has been completed. 

The f i n a l  closures of each can are t o  be made i n  helium 

The void volune of the  ta rge t  core i s  calculated conservatively, 
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.. 
and is designed t o  accommodate any swelling which would resu l t  
from precipitation and 

the planned i r radiat ion t e s t  ser ies  are  t o  determine under N- 
Reactor conditions: (1) the ra te  of swelling of the over-all 
target  assembly and the target  core; ( 2 )  the e f fec t  of i r radiat ion 
on mass transport of Li and tritium in the target  assembly; and 
(3) the effect  of surface treatments of Al on tritium transport. 
The fabrication of the target  assemblies has been started.  Two 
Al-Li target  alloys containing 0.91 m-d 2.10 w/o Li, both w i t h  the 
same Id6 concentration (0.39 w/o)> were melted and cast .  Seven 
b i l l e t s  of each composition, preheated t o  200 C, were extruded a t  
an extrusion r a t io  of 12 t o  1 and dry machined t o  f i n a l  dimensions. 
Twenty-five of the Al-0.91 w/o L i  target  a l loy cores were subse- 
quently canned in  C - 6 4  Al alloy, the 2s-Al al loy end caps were in- 
serted and the result ing assemblies die sized. The f i n a l  fabrication 
steps are: 
of supports t o  the Zr-4 can. 

glomeration of helium and tritium pro- 
duced by the Li6 (n, cr)H Y reaction. The primary objectives of 

welding of the Al-end caps, caming i n  Zr-4 and welding 

A ser ies  of annealing studies i n  the range of 3oc-600 C resu l t s  i n  
precipitation of a second phase (presumably AI.-Li compound) i n  the 
2 w/o L i  alloy. 
observed with the deposition of material (presunably oxide inclu- 
sions) a t  the grain boundaries. 
s table  in the temperature and time range of the experiments. 

A t  600 C f o r  the same alloy, large grain growth was 

The 1 w/o L i  al loys were apparently 

Cold pressure welding is being used f o r  joining 2-5 aluminumto 
aluminum-1% lithium. The samples are used f o r  diffusicn studies 
and require a Garrow, s t ra ight  interface. One-inch diameter by 
1-5/8 inch pieces are placed in holding dies and then pressed to- 
gether (end t o  end) with a 44-ton force. 
the piece is again pressed. Thirty-five percent upset on the first 
pressing and 5 6  on the second. Double pressing reduced the amourit 
of trapped oxide in the joint .  N l y  annealed Al-Id against as- 
extruded 2-S produced a narrow, even interface. 

After the upset is removed 

Analysis of F’uel Element End Caps. The difference in thermal ex- 
pansions between the fue l  and ecd cap material i n  N-Reactor fuels  
is a potential  cause of fue l  element-failure. 
stress analysis f o r  end closures w i t h  thickened or  reinforced clad- 
ding near the cap has been run on a number of shapes. 
s t r e s s  by a fac tor  of from three t o  four seems possible by the proper 
shaping of the  closure. 

A numerical method of 

Reductions of 

N-Reactor Support Development. Fabrication of I?-fuel supports con- 
tinued as required by NRD. The following quantit ies of supports 
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were produced during March : 
outer  support^,^ 9,000. 

shoes E 24 000; inner supports , 22,000; 

Fuel Supports - Process Tube Wear. 
s ib l e  danage t o  N-Reactor process tubes by charging N-fuel elements 

Laboratory tests t o  study pos- 

are proceeding. 
t o  what extent the reactor process tube is  damaged by,the repeated 
corrosion of the bare Zr-2 t ha t  i s  exposed by scratching by the f u e l  
elemxi% supports. 
shoes 40 times over a single path on the process tube, then autoclav- 
ing the &be i n  400 C, 1500 ps i  steam f o r  14 days t o  give a corrosion 
product build-up on the bare Zr-2 equivalent t o  t h a t  expected t o  
form in-reactcr between the charge and discharge of the  fue l  elements. 
After the  t h i r d  autoclave cycle, despi3e the fact, tha t  the elements 
were passizg over a previously scratched area of the tube, a t o t a l  
of 50 passes w i t h  four different  shoes were made w i t h  no signs of 
scratching the autoclaved f i l m .  Steel  was deposited on the auto- 
clave f i l m  from the shoes, each of which experienced considerable 
wear. 
d i f f icu l ty ,  and 40 passes made over t h e  same single path. 
series of 40 passes, w i t h  autoclaving between each series, have now 
been completed on the same region of the process tube section. The 
scratch depth along the tube varies from 0.0002 t o  0.0014 inch. 
The average depth over the en t i re  length of the tabe increased from 
O.OOC8 inch t o  0.0009 inch, Further t e s t s  w i l l  be r7.m t o  determine 
the relationship of additior,al corrosion and charging cycles t o  the 
scratch depth. 

A series of t e s t s  are being conducted t o  determine 

The tes t  cycle consists of passing s t e e l  support 

Scratching w a s  then intent ional ly  in i t ia ted ,  wi th  considerable 
Four 

Cladding Defomti'on Studies. 
t o t a l  of 94 Zr-2 clad uranium rods are being i r rad ia ted  i n  F-Reactor 

Thirty-six NaX Capsules containing a 

t o  provide data on the e f fec ts  of cladding thickness uniformity, 
temperature, and exposure on the s t r a i n  capabi l i t ies  of Zr-2 fue l  
cladding. Four of the capsules have thermocouples t o  measure the 
central  uranium temperatures. 
resistance a f t e r  approximately eight days of i r radiat ion.  
t o  repa i r  the  thermocouple have been unsuccessful. 
thermocouples are recording sa t i s fac tor i ly ,  and agreement between 
measured and calculated central  uranium tenperatures i s  good. The 
latest temperature afid power data indicate t h a t  the i r rad ia t ion  is 
continuing t o  operate with t h e  cladding temperatures very close t o  
those desired. Exposure has now reached approxirrately 1100 MJD/T. 
Goal exposure f o r  nirAe of these capsules has thus been reached and 
these w i l l  be discharged a t  the next reactor shutdown. 
samples i n  these nine capsules w i l l  be examined as quickly as pos- 
sible and the  information obtained from them w i l l  be used t o  estab- 
l i s h  discharge exposures f o r  the remaining 27 capsules. 

(lie thermocouple developed a high 
Efforts 

The other three 

The f u e l  
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Heat Treatment of Wrcaloy Clad Fuel. N-outer tube stock w i t h  the 
core material containing 640 ppm Al and 400 ppm Fe i s  being studied 
to determine the ef fec ts  of heat treatment on the s ize  and disper- 
sion of UA12 and U6Fe compounds. Specimens quenched fromthe beta 
and gannna phases were examined a f t e r  100, 200, and 500 hours a t  400, 
450, and 500 C. 
times a t  450 and 500 Cp indicating that  the i ron addition does not 
form a s table  dispersion a t  fue l  operat.ing conditions. 
pa r t i c l e  s ize  appears s table  a f t e r  these treatments. 
of UAl2 is  random f o r  material precipitated a f t e r  beta phase t r ea t -  
ment, but i s  preferent ia l ly  aligned i n  a sub-boundary network in 
material precipitated a f t e r  gama phase treatment. 
etching procedures were used f o r  electron microscope study of these 
materials i n  attempts t o  arr ive at a standard procedure yielding 
true structure.  This work is  continuing. Additional samples of 
the  material have been gamma phase t reated w i t h  the cooling r a t e  
varied IC order t o  study the e f fec t  of cooling r a t e  00 sub-boundary 
s t ructure  development. 

Growth of the U@e phases w a s  observed i n  longer 

The UAl2 
The dispersion 

Additional 

The mechal;isms discussed give r i s e  t o  a basic difference i n  structure 
between as-cast and beta heat t reated material, and wrought and beta 
heat t reated material. In  the as-cast case the or iginal  sub-boundary 
netwdrk i s  s t i l l  present a f t e r  beta treatment, whereas i n  the wrought 
material  the sub-boundary s t ructure  has beer, broken up by workifig 
the metal. The effect  of t h t s  differeme i n  s t r x t u r e  on swelling 
and grain boundary tear ing should be determined. 

. 

Phosphorus Impurity i n  Uranium. Phosphorus, in quant i t ies  up t o  
100-500 ppm, has been introduced in to  the O.gk$ enriched uranium 
ingot f o r  the N-fuel and I & E f u e l  materlal as  a resu l t  of scrap 
recovery process changes a t  the AEC Feed Materials Production 
Center, National Lead Company. 
uranium structure,  fabr icabi l i ty ,  axid properties and fue l  element 
qual i ty  i s  not hourl .  
oeen deternlned except f o r  the iderit if ication of the compounds UP, 
U Pq, and up2. 

tion of derby metal containing about 430 ppm P and sections of cast 
and beta heat t reated N I E  (150 ppm P) and NOE (300 ppm P) irigota. 

m.e e f fec t  of th i s  impurity on 

"he uranium-phosphorus phase diagram has not 

UP (11.52 w/o P) is  reported t o  have a meeting point 
o a approximately 2200 C. The evaluation t.0 date has Fncluded a sec- 

Metallographic exambation of the derby metal as reduced as  gamma 
heat treated,  and as remelted has indicated tha t ,  unlike C, 02 and 
N2 impurities, the phosphorus forms a eutect ic  between UP and 
uranium, believed t o  be a t  lOOO- l5OO pprn P. 
l i t t l e ,  i f  any, so lubi l i ty  of phosphorus even in the  gama uranium 

There appears t o  be 
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phase. Comparative melting point determinations have shown 
approximately 10 C depression due t o  the eutectic.  
structure w a s  observed also i n  the top, middle arid bottom sections 
of cast  a d  heat treated N-fuel ingots. 
was determined as shown i n  the table  below. 
gation of phosphorus i s  evident. 
has cot  shown any other impurity a t  unusual concentration except 
alumimm at  approximately 100 ppm in Ingot 36421 

The eutectic 

Chemistry dis t r ibut ion 
No pronounced segre- 

Complete spectrographic analysis 

Phosphorus, Iron, and Silicon Distribution 
i n  N-Ingots ( in  ppm) 

-got 36421 (NOE ) 
Phosphons 

aAp0 
"NLO 

Iron (HAPO) 
Sil iccn (EAPO) 
Carbon (NLO) 
Oxygen (mo) 
Nitrogen (no) 
Density (g/ccr). 

TOP TOP 
Edge Center 

370 322 
298 

150 160 
50 60 

640 
7 
8 
18 075 

163 187 

180 200 
65 58 

576 
5 
8 

141 

18.89 

385 

160 
48 

293 

168 

180 
73 

135 

322 

160 
58 

168 

230 
73 

Middle Middle 
Edge Center 

Bottom Bottom 
Edge Center 

349 

170 
65 

262 

169 

78 

128 
200 

340 

220 
60 

165 

170 
58 

Sections examined f romthe  center of these ingots which were heat 
treated hollow did not show m y  cracking or  graio boundary tearing 
due t o  the quenching s t resses  i n  heat t reat ing.  A section of the 
ingot containing approximately 300 ppm P was hot rol led a t  600- 
625 C t o  abcut 76 reduction i n  area, No wusual behavior w a s  ob- 
served and the structure a f t e r  t h i s  fabrication showed on ly  a com- 
pression and extension of the  eutectic network. These ingots will 
be primary extruded a t  HAFQ and b i l l e t  sections prepared for co- 
extrusion f o r  fur ther  evaluatiori of fabr icabi l i ty ,  properties and 
ef fec t  on fue l  element quali ty.  

DECLASS I FI E D 
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2. Corrosion and Water Quality Studies 

Effects of Velocity on Corrosion of Aluminum - Rotating Disk Method. 
Studies of the effect  of velocity on the corrosion of aluminum are 
being conducted in  a rotating disk apparatus. A rotational speed 
of 4150 r p m  is  used, giving maximum peripheral speeds of 72 fps on 
four-inch diameter disks and 54 fps  on three-inch diameter d isks .  
Preliminary t e s t s  have been conducted a t  80 C and 92 C i n  300 Area 
water and reactor process water. 

The most s t r iking evidence of erosion occurred on a four-inch disk 
rotated i n  300 Area water a t  90-95 C. A t  the outer edge complete 
f i lm removal occurred; the erosive attack appeared t o  extend into 
the metal, giving r i s e  t o  a phenomenon similar t o  ledging attack 
observed on aluminum process tubes. 
wide, the film was highly eroded, result ing i n  an area of "plateaus 
and valleys." The erosive attack was essent ia l ly  uniform around the 
periphery of the disk, but tapered off quickly toward the center and. 
was almost absent within 0.5 inch of the periphery. 

A t  80 C i n  300 Area water, much l e s s  fi lm formed on the four-inch 
disk than i n  the t e s t  a t  90-95 C. 
erosive effect  was much l e s s  pronounced, although areas were observed 
near the outer edge of the d isk  where sections of oxide had appar- 
en t ly  l i f t e d  out of the film. 

Within a band about 0.25-inch 

A t  the lower temperature the 

Weight losses (averaged over the en t i re  sample) i n  tap water fo r  
72-74-hour exposures were 2.5 %/ern2 and 2.8 mg/cm* on three-inch 
and four-inch samples, respectively, a t  90 C. A t  80 C the weight 
loss was 0.55 mg/cm2 on a four-inch disk.. 

(31 a four-inch disk rotated i n  reactor prccess water fo r  72 hours a t  
90-92 C, the weight loss w a s  2.8 mg/cm2, equal t o  tha t  observed i n  
tap  water under similar conditions, However, the erosive attack 
observed i n  tap water was almost c o q l e t e l y  absent on the sample 
rotated in process water. 
the  disks are rotated showed a pH of 8.4, compared t o  an i n l e t  pH 
of 6.8; the bc rease  i n  pH was undoubtedly due t o  leaching of boiler 
scale deposited during pr ior  runs i n  tap water: 
rotated In tap water, the upper surface was dark, while the  lower 
surface had large light-colored areas. 
surfaces were uniformly dark. 

Process water taken fromthe tank where 

On f ive  samples 

In  process water, both 

Process Assistance t o  N-Fuel Fabrication. Process assistance t o  
N-fuel fabrication during the past month has been divided in to  two 
phases of related work. 
and grading N-fuel elements with various amounts and types of white 

The f i r s t  phase consists of categorizing 
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oxide. 
causes of these various white oxides along with possible methods 
of elimination. 

The second phase of the work consists in determining 

The two most questionable categories are  grey t o  white oxide on 
the end welds and spot weld defects. The grey t o  white oxide on 
the end welds i s  probably caused by uranium contamination i n  the 
weld metal. 
pH-10 water on t h i s  type of weld have not shown an excessive 
amount of corrosion penetration, considerable oxide sloughing has 
been observed. 
tion levels  i n  the reactor and complicate contact maintenance. A 
joikt  t es t ing  program w i t h  N-Fuels Product Engineering and CMO 
personnel i s  being conducted t o  ver i fy  uranium contamination as  
cause of t h i s  sloughing. 

The spot weld defects on the Zircaloy-2 cladding are  caused by 
arclng between the fue l  element holder (copper or  Zircaloy-2) 
and the Zircaloy-2 cladding. 
the extent of damage caused by localized overheating or  Fntro- 
ductio?i of copper as  a contaminant. 

what damage may be expected. 

Although long term corrosion t e s t s  in 360 degree 

Such sloughing could conceivably cause high radia- 

Visual inspection does not indicate 

Several specimens are 
.A present& being. sectioned fo r  a metallographic study t o  establish 

& '  

%e remaining categories of off-standard surface appearance are  
l ess  serious. 

general, these defects a re  caused by impraper rinsing which resu l t s  
i n  acid staining. 
mask serioils corrosion associated with metal qaal i ty .  

Nickel Platilig. 
were investigated a t  room t eqe ra tu re .  
of n ickehsul fa te ,  40 g/ l  sodium c i t r a t e  and 5 g/ l  ammonium chloride 
had good throwkg power a t  15 amp/ft2. 
plating solution a t  33 Kcs resulted in  l e s s  gas p i t t ing ,  higher 
cathode efficiency and a brighter plate .  
bright at 72 amp/ft2 even with ultrasonic agitation. 
contaking about ha l f  the nickel su l fa te  conceritration had l e s s  
throwing power. 

They consist mostly of localized grey t o  wnite 
l n  % oxide on e i the r  the Zircaloy-2 clad o r  attached hardware. 

Although t r i v i a l  i n  i t s e l f ,  acid staining can 

The properties of two nickel su l fa te  plating baths 
One bath containing 200 g / l  

Ultrasonic agi ta t ion of the 

The plate.was no longer 
The other bath 

A number of two-inch sections of standard uranium fue l  material were 
anodically etched a t  100 amp/ft2 in 1 6  n i t r i c  acid, and nickel 
plated. 
poor adhesion observed i n  some plates .  
t o  eliniriate t h i s  problem. 

Delay i n  t ransfer  between solutions probably led t o  the  
Equipment is being fabricated 

. \ -  
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Use of NH40H t o  Adjust pH i n  Pressurized Water Systems - KER Testing. 
Present experinents in KER-1 are  designed t o  determine e f fec ts  on 

* -  water qual i ty  of changing pH and subst i tut ing W O H  f o r  LiOH. The 
init ial  phase included operating with LiOH a t  pH 10 u n t i l  equilibrium 
conditions were attained and then operating with NH4OH a t  pH 10 t o  
determine crud levels ,  crud deposition, and operating problems. 

The desired i n i t i a l  operating conditions were never obtained due t o  
the e r r a t i c  operation of the reactor and the loop during t h i s  period. 
Oa four occasions operation with LiOH a t  high temperature was 
in i t ia ted ;  however, i n  each case operation was terminated by loop 
leaks or reactor scrams before normal coolant conditions were es- 
tablished. 
addition was not. i n i t i a t ed .  These studies have been rescheduled. 

Since the required conditions were not achieved, N q O H  

On two occasions the loop was operated in-reactor a t  low temperature 
(70-80 C) due t o  severe leakage a t  the front-face f i t t i n g .  
period under these conditions las ted  8 days. 
oxygen and hydrogen peroxide concentrations increased dras t ica l ly  
due t o  radiolyt ic  decomposition of the coolant even though the loop 
w a s  operated a t  the maximum feed-and-bleed and degas rates .  
materials increased the oxidative character is t ics  of the coolant t o  
such an extent t h a t  appreciable amounts of magnetite were converted 
t o  f e r r i c  oxide and released t o  the coolant. 
b i d i t i e s  were encountered f o r  several days following resumption of 
high temperature operation. 

The f i r s t  
During this  time the 

These 

Extremely high tur -  

The second period of low-temperature, in-reactor operation las ted  
3 days. 
perform a hydrazine inject ion t e s t  t o  determine whether t h i s  
material can sa t i s f ac to r i ly  reduce the oxidative character is t ics  
of the coolant. However, a reactor scram occurred about 25 minutes 
a f t e r  hydrazine inJection was in i t i a t ed ,  and it was necessary t o  
discontinue the t e s t .  Considerable f e r r i c  oxide formation w a s  also 
observed during t h i s  period, and crud levels  remained high f o r  2-3 
days a f t e r  high temperature operation w a s  resumed. 

During t h i s  period a l l  necessary preparations were made t o  

The reason f o r  the high crud leve ls  observed following routine 
shutdown-startup operations during the past  two months is not fu l ly  
understood. 
following these operations; however, the leve ls  encountered re- 
cently have been extremely.hlgh by comparison. 
t he  crud problem has been aggravated considerably by the frequent 
cleaning operations in t h i s  loop and by exposure t o  coolant w i t h  
large amounts of oxidizing materials present. 
t h a t  residual chemicals remained i n  the loop a f t e r  chemical cleaning 
w a s  completed. Both poss ib i l i t i e s  are  being investigated. 

It is not unusual t o  observe crud levels  above normal 

It is probable tha t  

It is a lso  possible 

UNCLASSIFIED 
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Stainless Steel  Clad Thermocouple Elements. 
variables t o  be evaluated during the  coming in-reactor t e s t  i n  
KER-1 i s  the effect  of N&OH on rates of formation and deposition 
of films. 
elements can best. be followed wi th  a thermocoaple fue l  element. 
Special S/S clad, Uo;! thermocouple elements were designed and the 
f irst  t e s t  assemblies charged i n  t.0 the TF-locps during th i s  past 
month f o r  pre-irradiation testing. The thermocouple elements are 
of two types, designated as Mark 11, and d i f f e r  with respect t o  
placemect of the  zhermocouple. 
sleeve without endcaps, 

One of the primary 

The rate of deposition of f i l m s  (crud) on the fue l  

Both types are encased i n  a Zr-2 

TKO Mark I elemexits were charged ir,to TF-9 and dynamically tes ted 
a t  300 C. 
and 423 hcilrs, the elements are  i n  excellent condition and no 
visual defects have been detected. One of the elements had a 
t i g h t  Zr-2 jacket (shrunk on) and the other w a s  s l i p  f i t t e d .  
ever, a t  the end of 108 hours, %he t i g h t  Zr-2 jacket Cad expanded 
and had about the  same clearance as the s l i p - f i t  element, It was 
originally thought t h i s  would be important; however, the amount of 
corrosior of the S/S under the jackets appears t o  be the same, and 
jacket fJghtces_s does not appear t o  be of major concern. These 
two elenier-ts have had three 300-20 C thermocycles - the thermo- 
cycling eqer ie rced  from n c m l  s tar tup and shutdown. 

After the first three inspection shutdowns a t  la, 285, 

How- 

$ 

.I 

One Mark I element was charged in to  MaIdfold No. 3 of TF-7 f o r  
thennocycling. 
t o  be ir, excellent coridition also.  Two Mark I1 elemwts were 
charged in to  TF-9 ar,9 the t h i r d  element w i l l  be charged in to  TF-7 
during the next, shutdown. 

The element has completed 55 cycles and appears 

Continuous Ar.alyses of Sodi-Js i n  N-Reactor Secondary Water. 
Evaluatiori of the sodium magresium vereeriate procedure f o r  water 
hardriess,measureEent was completed. 
f o r  use w i t h  a contizuous w e t  chedca l  analyzer. Laboratory 
studies have confirmed t ha t  t h e  procedure has satisfactory repro- 
duc ib i l i ty  and tha t  hardr-ess concentrat-ions as low as 10 par t s  per 
b i l l i c n  can be detected without d i f f icu l ty ,  
used t o  cont.huously monitor the N-Reactor secondary coolant f o r  
raw water in-leakage. 

!The Frocedure has been adapted 

This procedure w i l l  be 

Corrosion of Carbon Stee l  a t  Low Temperatures. A small, low-pressure, 
recirculation f a c i l i t y  w a s  designed and constructed t o  measure the  
corrosion r a t e  of carbon s t e e l  in room temperature water. Studies 
are scheduled with deionized, deoxygenated water and w i t h  f i l t e r e d  
water. The system w i l l  a l so  be used t o  study the e f fec ts  of various 

.. 
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fi l tered water additives. 
cation fo r  emergency cooling conditions a t  N-Reactor. The system 
is designed t o  u t i l i z e  corrosometer probes fo r  corrosion measure- 

These studies w i l l  have direct  appli- 

ment s. 

Alternate Inhibitor Studies. 
coupon samples was l e s s  i n  quachrom glucosate inhibited water than 
i n  process (dichromate-inhibited) water, but corrosion of carbon 
s t e e l  during the first exposure period was greater i n  the quachrom 
glucosate water. 
elements was completed i n  0.20 ppm quachrom glucosate water in  
1706 Faci l i t i es  SP-5 and SP-6, with control exposure i n  SP-2, SP-X, 
and SP-Y. 

Corrosion penetration of aluminum 

F i r s t  exposure of coupon samples and Kl$l t e s t  

Until additional resul ts  are obtained, f i r m  conclusions 
cannot be made. 

Decontamination of Low Temperature Reactors. 
safe procedure fo r  decontaminating the low-tenrperature reactors is 
one u t i l i z ing  the proprietary sulfanic acid, Turco 43064. 
t e s t s  were completed dur ing  the month t o ' d e t e d n e  the optimum time 
and concentration. 
f o r  a t e s t  of W c o  4306-c solutions, with contact times of 10, 12.5, 
and 15 minutes. 
t i v e  i n  reducing both garnma and beta radiation t o  near background 
levels.  
12 minutes contact was required for  significant reduction of gama 
ac t iv i ty ,  but neither 1 or 2 oz/gal concentrations were sufficient 
to reduce beta radiation t o  background levels. 

The most effective 

Some 

Perforated aluminum spacers were used as samples 

The chemical concentration of 3 oz/gal was effec- 

A t  a chemical concentration of only 1 oz/gal, a minimum of 

Apparently, 3 oz/gal ._ ~ 

is the minimum effective concentration. 

Determination of Activit ies Deposited on Fuel Elements i n  Present 
Reactors. The radioactivity i n  the. effluent of the present reactors 
resu l t s  principally fromthe adsorption of ionic or colloidal com- 
ponents in the water onto the fue l  element surfaces. These ad- 
sorbed species are  activated and l a t e r  released. To obtain a bet ter  
understanding of the adsorbtion and activation processes, some 
studies were made of ac t iv i ty  distributions on a typical  fuel  charge 
In the  KE-Reactor. 

The radiochemical data fromthe second KE fue l  element column have 
been resolved in to  equations f o r  ac t iv i ty  dis t r ibut ion as a function 
of column length. 
mcan squares has given curves of the form I n  y = a + bx + cx2 fo r  
Sc-46, Cr-51, Fe-59, CO-58, zn-65 and Sb-124, where y represents 
activity/foot and x the length variable. These equations a re  as 
follows : 

Computer curve f i t t i n g  by the technique of l ea s t  

I 1 0 3 0 2 5  
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(a) I n  y = 4.708 + 0.741~ - 0 . 0 2 3 ~ ~  fo r  chromium-51 

(b) In y = -0.831 + 0.408~ - 0 . 0 1 2 ~ ~  f o r  antimony-124 

(e )  I n  y = 2.474 + 0 . 5 1 3 ~  - 0 . 0 1 4 ~ ~  f o r  zinc-65 

(d) In y = 2.996 + 0.577~ - 0 . 0 1 9 ~ ~  f o r  cobalt-58 

(e)  I n  y = 0.362 + 0.79lx - 0 . 0 2 3 ~ ~  fo r  scandium-46 

( f )  In  y = 1.751 + 0 .618~  - 0.01!3x2 f o r  iron-59. 

Integration gives the t o t a l  amount of each isotope held i n  the 
films of t h i s  XE fue l  column. These amounts are as  follows: 

(a) 0.534 curies of chromium-51 

(b) 0.244 millicuries of antimony-124 . 

( c )  0.0204 curies of zinc-65 

(d) 0.0192 ,* i curies of cobalt-58 

( e )  0.0171 curies of scandium-46 

( f )  0,0103 curies of iron-59. 

The amount of act ivi ty  f romthe deposited crud was related both 
t o  water temperature and flux pattern. 
cited above, it appeared tha t  the maximum actfvi ty  occurred a t  the 
point of maximum corrosion. 

From the preliminary figures 

Removal of Excess VPI from N-Reactor Primary System. 
of the carbon s t ee l  piping a t  N-Reactor, vapor phase inhibitor (VPI) 
was added t o  prevent rusting and the pipes were sealed from the 
atmosphere. 
removal. Laboratory t e s t s  demonstrated that  the undecomposed VPI 
could be removed with hot water. However, areas of th in  black scale 
remained in portions of the piping which had been heated during 
welding. This layer is believed t o - b e  carbon. Tests are continuing 
t o  identify the material and evaluate corrosion effects  which may 
occur i f  t h i s  material is  not removed. 

Removal of Oxides and Mi11 Scale Fram N-Reactor Secondary System. 
Two commercial procedures for  descaling N-Reactor secondary system 
are being evaluated i n  laboratory and loop (TF-14) t e s t s .  A one- 

During layup 

The amount of VPI added was excessive and complicated 

. -  
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s tep  procedure (Vertan 6752 successfully removed a l l  oxides and 
m i l l  scale from TF-14 in 3p hours a t  - 200 F. 
were l e f t  i n  a passive condition. 
4306 D followed by Turco 4517) w i l l  be evaluated next month. 

The pipe walls 
Another procedure ( W c o  

I n  another dynamic tes t  (TF-lT), the ammonium c i t r a t e  process 
was tes ted  and proved very successful i n  descaling the loop of 
rust and mill scale remaining from fabrication. The orbe-step 
process consisted of recirculating 5s ammonium c i t r a t e  f o r  four 
hours, adding an additional 0.55 ammonium c i t r a t e  (a small amount 
of concentrate w a s  added) t o  prevent precipitation of i ron 
c i t r a t e s ,  adjusting the pH t o  9 w i t . h  ammonium hydroxide, and the 
addition of 0.14 sodium n i t r i t e  f o r  passivation. The passivation 
s tep  w a s  f o r  a one-hour period and included bubbling a i r  i n to  the 
solution. The surfaces were a l l  metallic gray =Ad surface post- 
rusting d id  not occur. 
of one tes t  section was not removed during the process. 

A small amount of grease i n  the bottom 

Gas Atmosphere Studies 

Hydriding of Zircaloy-2 w i t h  Thick Oxide Films. In a previous . 
long term exposure of Zircaloy-2 t o  a helium atmosphere contami- 
nated; with 35 H2, 25 CO, and 0.054 H20 vapor, it was found that 
gas phase hydriding began a f t e r  125 days a t  425 C but was not ob- 
served even after 330 days a t  375 C. The sh i f t  from protective 
t o  non-protective films at  425 C was a t t r ibu ted  t o  extensive 
cracking and thick f i l m  growth which resulted fromthe high cor- 
rosion r a t e s  a t  425 C. 

To tes t  this hypothesis additional Zircal-oy-2 samples were pre- 
filmed i n  oxygen f o r  56 days a t  500 C which resulted i n  a 250 fip~/ 
dm film. The samples were then transferred t o  the helium experi- 
ment along w i t h  coupons with a three-day autoclave (400 C i  150 p s i  
steam)film. 
film'samples had hydrided, absorbing 300 ppm hydrogen a t  425 C and 
131 ppm a t  375 C compared t o  5 ppm a t  425 C and 0 ppm a t  375 C f o r  
the coupons with a t h i n  three-day autoclave f i l m .  

After 37 days i n  the contaminated helium the t h i c k  

It appears t h a t  t he  thick adherent oxide film i s  acting as a semi- 
permeable membrane i n  which the l i g h t  H2 molecule diffuses more 
readi ly  than the heavier H20 molecule result ing i n  loca l  depletion 
of oxidant a t  the  metal surface. 
the thick samples were only half tha t  of the th in  autoclave samples 
a l s o  suggests l oca l  depletion of water. 

The fac t  tha t  weight gains f o r  

The films formed by accelerated oxidation may not be en t i r e ly  typical 
of low temperature filming. The i n i t i a l  r e s l t s  indicate t h a t  the 
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ef fec t  of thick films m u s t  be carefully investigated because there  
may be an upper weight gain limit a t  which a given water concen- 
t r a t ion  i s  an effect ive inhibi tor  t o  gas phase hydriding. 

Continuation of the exposure of Zircaloy-2 coupons t o  dry mixtures 
of 14 C@ and 2$ H2 i n  helium f o r  28 days has resulted in hydriding 
of only the vapor blasted samples, whereas etched o r  preautoclaved 
samples have not hydrided. The resu l t s  a l so  suggest the hydriding 
rate  of the vapor blasted samples i s  decreasing. 
i s  continuing. 

This experiment 

Resistance Measurement Capsule. 
been completed on a capsule designed t o  measure the  e l ec t r i ca l  re- 
sistance of zirconium oxide films. The results w i l l  be compared 
with data obtained from in-reactor tes t ing  of the capsule. 
capsule w a s  scheduled f o r  in-reactor charging about March 27, 1963. 

Preliminary laboratory tes t ing  has 

The 

Graphite Burnout Monitoring. 
channel 3461 a t  B-Reactor. 
October 28, 1962 t o  February 21, 1963, showed a maximum burnout ra te '  
of 44 per 1000 operating days. 
sharp peak appearing a t  the usual distance of 80 inches in to  t h e  
graphite stack. 

New burnout monitors were charged i n  
Results f o r  the monitoring period from 

The prof i le  was characterized by a 

Channels 0373 and 1366, which were assigned temporarily t o  the 
burnout monitoring program, were not recharged. 

It has been postulated t h a t  some of the high burnout ra tes  observed 
on small monitoring samples i n  the Hanford reactors i s  the resu l t  
of a i r  leakage in to  the reactor stack. The location of peak burn- 
out r a t e s  forward of the  region of the  stack having the highest 
temperature suggests a depletion of the  oxygen species i n  traver- 
sing the burnout channel. 

A theoretical  model based on a combination of radiation and thermal 
activation with oxygen depletion has been developed and data re- 
ported f o r  D-Reactor (HW-71751) have been used t o  derive constants 
f o r  t he  model. 
proper selection of the  constants. The inlet  side of the burnout 
peak yielded an activation energy of 15.8 kcal/mole f o r  the radiation- 
activated rate. A thermal-rate expression derived previously was 
used (see HW-75072). 
s l igh t  decrease i n  oxygen pressure i n  going through the f irst  few 
feet of graphite where the  thermal reaction is  re la t ive ly  unimpor- 
tant .  A t  temperatures where the thermal reaction becomes important 
t h i s  model indicates t h a t  the pressure of the  oxygen decreases 

1- 

A good f i t  t o  the experimental data w a s  obtained by 

The experimental data indicate only a very 
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according t o  the expression: 

log p% = 3.91 - 1 . 2 1 ~  ( 6  < x < 14) - -  
where po i s  expressed i n  mm and x i s  given i n  fee t .  

2 

m,e complete expression f o r  the r a t e  i n  uni ts  of percent per 1000 
operating days i s  : 

, 

The reported average i n l e t  oxygen concentration during th i s  particu- 
l a r  burnout t e s t  w a s  0.09; a value of 0.14 w a s  used i n  f i t t i n g  the 
data. 

This equation w i l l  be tes ted  on other burnout data as information 
is  accumulated. 

4. Process Tube Development 

Stress-Strain Tests of N-Reactor Pressure Tubes. Room temperature 
and 300 C s t ress -s t ra in  curves have been plot ted f o r  sections of 30$ - 
cold -worked N-Reactor . tubing pressurized t o  produce a s t a t e  of bi-  
ax i a l  s t ress .  S t ra in  measurements were made independently w i t h  the 
opt ica l  read-out extensometer and w i t h  an e l e c t r i c a l  resistance s t r a in  
gage. The former instrument measures the elongation of the en t i re  
circumference of the specimen while the gage length of the l a t t e r  i s  
l imited t o  t t o  one inch. The two systems agreed within l e s s  than 
18 on both proportional l imi t  and 0.2s yield strength a t  room ten- 
perature. The elevated temperature s t r a in  gage data have not yet 
been analyzed so no comparison of the two systems can be made fo r  
t h a t  condition. 

Readings were taken with the opt ica l  extensometer t o  extensions as 
high as 0.070 in/in.  
e l e c t r i c  s t r a in  gage. The opt ical  device has no r ea l  limit t o  i t s  
range and, therefore, w i l l  be extremely useful i n  measuring the large 
s t r a ins  inherent i n  s t r e s s  rupture t e s t s .  

This i s  f i v e  times the usable range of the 

Proportional l i m i t ,  0.2s yield strength, maxirmun s t ress ,  and strain.  
at maximum s t r e s s  were obtained a t  room temperature and 300 C on 
N-Reactor process tubing f o r  the first time. 

Project CAH-922 I r radiated B u r s t  Test Faci l i ty .  
s ta r ted  on t h i s  project by the CPFF contractor (J. A. Jones) on 

Construction was 
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February 27, 1963. 
sewer, contaminated sewer and the new load lugger raxp have been 
made. 
mechanism penetration. 

The excavations f o r  the  building, sanitary 

The building foundation has been opened f o r  the t ransfer  

5. Thermal Hydraulic Studies 

Resent  Reactor Studies. 
f o r  aluminum support pieces t o  be placed i n  empty tubes a t  K- 
Reactor t o  decrease the flow ra t e  and thus prevent cavitation i n  
the inlet  f i t t i n g s .  Two charges were considered; one consisted 
of eight so l id  aluminum and two t h i n  w a l l  perfs (front t o  r ea r )  
and the  other of 12 so l id  aluminum and two th in  w a l l  perfs.  
process tube and hydraulic f i t t i n g s  were standard f o r  a K-Reactor 
process channel. 

Flow character is t ics  were determined 

The 

.. 

It was found tha t  flow rates would be 100 and 94.2 gpm fo r  the 
eight- and 12-piece charges a t  a f ront  header pressure of 500 
psig. A t  a f ront  header pressure of 400 psig, the flow ra tes  
would be 87 and 82.5 gpm for  the  eight- and 12-piece charges. 
Since the flow ra tes  a t  which cavitation could be expected a re  
107 and 96 gpm,at respective front  header pressures of 500 and 
400 psig, it w a s  concluded tha t  e i the r  support charge would be 
suff ic ient  resistacce t o  lower the flow ra t e  i n  an empty tube 
below the cavitation point. 

. 
*. 
\ 

of 

N-Reactor Studies. 
used t o  reduce experimental data obtained during laboratory heat 
t ransfer  experiments. 
engineering parameters (e.g., heat f luxes,  f l o w  ra tes ,  pressures, 
coolant conditions a t  various locations, and t e s t  section ten- 
peratures) using purched paper tape from the Thermal Hydraulics 
Laboratory data logging systems as input. 
phase mixtures (as provided by a preheater) a t  the  t e s t  section 
inlet  can be handled. 
gramto allow a variety of cases and experimental conditions t o  be 
handled, and t o  eliminate o r  replace questionable items of data on 
the input tapes. 
types of e l ec t r i ca l ly  heated t e s t  sections: 

A revision was made t o  the computer program 

The program calculates and l ists  significant 

Cases of l iqu id  o r  two- 

Checks and options are b u i l t  i n t o  the pro- 

The program w i l l  handle data f o r  the following 

(1) Heated, in te rna l ly  cooled, sirjgle tube; 
(2) Tube-in-t.ube (annular flow) sections, with e i the r  t h e  

inner, outer, or both tubes heated. 

The program i s  designated TROR-2 and I s  wri t t en . fo r  the  7090 com- 
puter. 

I 1 0 3 0 3 0  
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Run plans were developed f o r  burnout e x p e r a n t s  with a 32-inch 
long model of the annulus between the outer fue l  element surface 
and the  process tube. The e l ec t r i ca l ly  heated inner tube of t h i s  
t e s t  section i s  eccentric toward the bottom of the "process tube", 
f o r  a length of 23 inches, t o  approximate the case i n  which se l f -  
supports of one f u e l  element were sheared off ,  leaving only the 
weld tabs in tac t .  
t o  allow comparisons with resu l t s  obtained w i t h  similar, concentric, 
t e s t  sections. These experiments w i l l  complete the short-test-  
section burnout program f o r  present N-Reactor f u e l  elements. 

The range of experiicent.al conditions were chosen 

. 
6. Shielding Studies 

Shielding studies were reactivated. A program evaluation i s  being 
made. 
experimentations. As I n i t i a l  steps taken t o  acccmplish th i s ,  tne 
gamma spectrometer i s  being reconditioned f o r  temporary service a t  
the  PRTR, and the No. 1 automatic sample changer is being restored 
t o  working condition. 
serpentine, and borated concretes. 

&-e immediate goal is the re-establishment of shielding 

F i r s t  experimeLts may be on barytes, iron 

A sound theoret ical  program i s  also planned. 
vestigation include development of computer codes and design methods 
for biological shields which a re  suitable f o r  an architect-engineer's 
use; exact-t.ype aza ly t ica l  spectral  a d  penetration analysis i n  
biological shield materials (especially concretes ); analysis of 
shields fo r  f a s t  reactors; and instrumerhation f o r  neutron spectral  
analysis 

Proposed areas of in-  

* 

7 .  Graphite Studies 

N-Reactor Graphite I r radiat ions.  The two seccnd-generation capsules, 
H-5-2 and H-6-2, 10 the  ser ies  of long-term i r rad ia t iocs  of N-Reactor 
graphite contince t o  operate s a t i s f ac t c r i l y  i n  the  GETR w i t h  a l l  
sample tercperatures properly monitored. 

Construction is nearly complete on the first third-generation cap- 
sule i n  the ser ies ,  H-4-3. 
i r radiated samples, 11 of which have been i n  two previous capsules. 
A slight modification was made t o  the f i f t h  sample posit ion i n  which 
the four new samples are  locared. A pyrolytic graphite insulator was 
placed between the saniple holder and the molybdenum spacer i n  an 
attempt t o  raise the i r rad ia t ion  teruperature. The H-4-3 capsule w i l l  
be ins ta l led  in the GETR during the f irst  week i n  April. 

This capsule contaios 20 previously 
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Measurements are  continuing on the samples from the H-4-2 
capsule, Length measurements were obtained on a l l  samples 
including the four w i t h  broken ends. No fur ther  explanation 
i s  available on the cooling-ring displacement mentioned l a s t  
month. Calibration of the three thermocouples from H-4-3 i s  
being rerun due t o  large sca t t e r  i n  the resul ts .  

B. m S  - 03 PROGRAM 

:: 

.. 

Research and development i n  the f i e l d  of plutonium metallurgy 
continued i n  support of the Hanford 234-5 Building Operations 
and weapons development programs of the University of California 
Lawrence Radiation Laboratory (Project Whitney). 
these ac t iv i t i e s  are reported separately via dis t r ibut ion l is ts  

Detai ls  of 
_ -  ~ 

appropriate t o  weapons development work. 

,-- 

D EC LAS S I FI E D 
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1. Plutonium Recycle Program 

Fuels DevelopneEt 

PRTR F’uel Elexuent Inspection. An irradiated ALPu, PKllR &-I spike 
fue l  element ( 5 0 6 8 )  t ha t  had been discharged from the PRTR as a sus- 
pected leaker was examined in the Fuel Element Examioatioa Faci l i ty  
(FEEF) t o  more closely assess the condition of the elemelit and pcs- 
s ib ly  t o  locate the defect, 
good and no defects were observed. A loose bpiral  wire wrap on one 
of the fue l  rods i s  an indicaticn of mechanical core-clad inter-  
action which has shorterisd the rod abcut 5/32-inr-h. The elemert 
w i l l  be disassembled and each rod irdividually inspected t o  locate 
the source of ac t iv i ty  released during stagnant wafer t e s t s  i n  the 

The general appearance of the rods i s  

PFUR storage basin. 

As previously reported, the center supscrt stem was accidentally 
twisted fromthe top end bracket gussets of a U@-PuC& Mk-I element 
(5120) during mmipulations in the  FEEF. 
Zircaloy end brackets showed tkat SfreDgth ia tension w a s  m r e  t-han 
three times tha t  f o r  which they were designed, but t ha t  only 
moderate torsional fcrces were required t o  break the stems from the 
gussets in a manner similar to the fa i lure  of FE 5120. 
graphic examination of the fai led,  i r radiated end brackets revealed 
no gross hydride. H3drGgen concentration w a s  normal fo r  autoclaved 
Zircalcy. Slightly ixicreased hardness in the immediate vicini ty  of 
the fracture hidicate? a small amount of cold work. No metallurgi- 
ca l  weakness was detected. 
a coqoxient not coxitaking fue l  when moxernent of t.he elexnenf i s  re- 
strained during twisting of the stem. 

Subsequent t e s t s  of new 

Metallo- 

The end bracket design allows fa i lure  i n  

A transverse cross-secticn cf a swage compacted U@-Pu@ PKI’R fuel 
rod revealed tha t  localized core temperatures result ing from Pu@ 
segregat.ion were suff ic ient  t o  cause center void formation and 
colwnar grain gro-h in a limited region. Previous examinations 
of incremntal ly  loaded and swaged U@-PuC& fue l  rods operated a t  
PKilR conditions revealed oaly low order s inter ing and equiaxed 
grain growth in At@-rich areas. 
increments, was included in  an element (5096) tha t  generated 
1139 W maximu31 power during accumulation of an average exposure of 
300 MWD/T. 
grains adjacent t o  the cen+yer void indicate that  the center void and 
columnar grains were formed near the m i n i m  temperature a t  which the 
phenowcon occurs. Had temperatures been higher, the columnar graiIis 
would be free cf porosity. 

The fue l  rod, loaded w i t h  157 

A large population of len t icu lar  voids in the  columnar 

Aa =identified, white appearing secmd 
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phase I s  dispersed throughout the U@-Pu@. 
of abnormal core-clad reaction in the region of increased Puo;! 
concertrations or  of localized discoloration indicative of "hot 
spots" on the external cladding surface. 

There is  no evidence 

Destructive examinaticn of a v ibra t ia ra l ly  compacted Uo;!-PuOp, 
FRTR Mk-I fue l  element (5113) that  w a s  discharged from p#LTR as a 
suspected leaker revealed the f i r s t  observed cladding fa i lure  of a 
standard PRTR fue l  element. 
3/32-inch, w a s  found 3 q  inches from the top of a rod of the six- 
rod ring. Only a small amourit of fue l  washout and contamination 
release occurred, and there was no evidence of waterlogging as a 
resul t  of three pressure and two power cycles a f t e r  a leak was 
suspected. The average exposure of the element i s  approximitely 
370 MW/T ard m a x i m  recorded heat generation r a t e  is  1140 kw. 
An autoradiograph of the i r radiated rcd shcws no localized high 
Pa(& concentration in the fa i lure  regior,. 
excessive cladding temperature, or of association of the defect 
with the rod wire wraps o r  with f r e t t i ng  corrosion. 
has erupted s l igh t ly  around the hole aad the f rac ture  surface 
appears b r i t t l e .  
These observaticns suggest loca l  hydriding of the  cladding. 

A hole, approximately 3/16-inch by 

There i s  no evidence of 

The cladding 

Short  rad ia l  cracks lead away f r cmthe  hole. 

PRTR Fuel Element Fabrication. Fcur, swage ccnrpacted, mixed oxide, 
PRllR fue l  assemblies were fabricated t o  meet April refueling needs. 
The method of attaching wire wraps t o  swaged f u e l  rods was modified 
t o  be ident ica l  t o  the method used on vibrationally compacted rods. 
A hole is  d r i l l ed  through each end cap, ar,d the wire is ioserted 
through the hole and spot welded on the opposite side. 
mthod w a s  made possible by close length con tk l :  f 1/1P, achieved 
i n  swaging. 

%e new 

Two ghysics flux mcnitor fue l  assemblies were fabricated fo r  ir- 
radiation In the  PKIIR. The flux monitor asseablies contain three 
fue l  rods with U Q - 0 . 4 8  w/o mQ pe l l e t s  ar;d 16 standard U@-Ft@ 
vibrationally compacted fue l  rods; the wire wraps are a Zr-Co 
alloy and the PA@ contaiced 17 w/o Ar-240. 

The gamma scan t e s t  unit f o r  nmdestructive determicatior of plu- 
tonium dis t r ibu t ion  i n  a fue l  rod was s e t  up i n  the  308 Building. 
H i f i c a t l o n s  were completed csn $he t e s t  be3 and movable crystal  
head. 
autoradiographs. 
a re  being fabricated f o r  quantitative cal ibrat ion of the uni t .  

Equipment checkcut t e s t  scans continue t o  correlate  w i t h  
Pe l le t  standards, varying from 0.01s t o  1 6  PuQ, 

- -  
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An engineering review of 308 Building autoclave f a c i l i t i e s  was 
s tar ted.  Operating limits were established f o r  those autoclaves 
in service, and equipmnt changes were in i t i a t ed  where necessary 
t o  assure that  the f a c i l i t y  meets HAW and ASMB codes. 
brating or  updating a l l  instrumexitation is i n  progress, and 
maintenance schedules and operating procedures are being prepared 
f o r  each system. 

C a l i -  

Low Temperature Sintering of U@. Ceramographic examination of a 
sample of PRTR cold swaged U@ f u e l  rod heated i n  the laboratory 
f o r  more than 1000 hours a t  550 C revealed no bonding between UO;! 
part ic les .  
sintering o5served i n  i r radiated PRTR fuel  rods i s  an i r radiat ion 
effect .  

This supports the hypothesis tha t  l o w  temperature 

m r k  1 1 - C  Tubular Fuel Element. The PRTR nested tubular fue l  
element (1501) was destructively examined a f t e r  being successfully 
i r radiated t o  an exposure of 1360 MWD/S. 
minated t o  measure the released sorbed and f i ss ion  product gases 
f romthe fuel. 
quantit ies of sorbed gases are present in commercially fused U@ 
than indicated by conventional analytical techniques. 

Irradiation was t e r -  

Recent experiments a t  GE-APED indicate much greater 

The fue l  element w a s  remotely disassembled i n  the PR!FR storage 
basin. Gas pressures measured on each of the  three components 
were l e s s  than  expected. 

Remote Fabrication Studies. 
system i n  the remote fabrication area w a s  nearly completed. 
Operation of the system appears t o  be sat*isfactory. 

Shakedown of the new manipulator 

m e 1  Element Re juver-ation. 

:as checked and gave a radiatian reading of 
meter. 

The rejuvenation t e s t  fue l  element 
GEA 4-81), now cooled 60 days of the planned 90-day cooling time, 

2 x lo5 r/hr a t  one 

Repadding of PRTR Fuel Elements. 
fuel elemeats were repadded i n  the PRTR basin. 

Three irradiated mixed oxide Mk-I 
Twelve elements have 

been repadded and released for further i r radiat ion during the l a s t  
three months. Instal la t ion tools  and clip-on wear pads were fabri-  
cated fo r  repadding 13  U@ fue l  elements selected fo r  extended l i f e  
tests. 

Frett ing Corrosion Studies. 
provide an instrumented PR"R Mk-I fue l  element t o  be used i n  deter- 
mining how relat ive rod movement affects  f r e t t i n g  i n  the Edel-1 

Preliminary work was in i t ia ted  t o  

. .  
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loop. The 12 outer fue l  rods w i l l  each contain a co i l .  Coils 
w i l l  be spaced in  the element t o  provide signals a t  three dif-  
ferent levels.  Relative rod movement w i l l  be obtained by eddy 
current techniques. 
oscil lator.  It i s  expected tha t  the fue l  element w i l l  be com- 
pleted by May. 

The coi ls  w i l l  be driven by a 100 KC/sec 

Fuel Element Design Studies. Fuel element end brackets having ring 
contact surfaces t o  a l leviate  f r e t t i ng  and wear are  being tested on 
a U$, PFtl!R Mk-I fue l  element i n  the TF-7 f a c i l i t y  a t  PKPR coolant 
conditions. (hly superficial  wear occurred on one area of the 3/8- 
inch wide contact ring on the  bottom bracket during two weeks of 
operation w i t h  a superimposed vibration on the t e s t  section. The 
oxide f i lm was not removed fromthe inner surface of the Zircaloy 
simulated process tube, and no wear occurred on the contact area 
of the top end bracket. The test  is continuing. 

Fuel Refurbishing. 
wrench, and a hole saw, were bu i l t  t o  operate on 9-foot extension 
rods and tested in  a tank constrdcted f o r  tes t ing underwater fuel  
element disassembly and reassembly. 
newly des,Lgned replacement fuel  rod i n  a 19-rod cluster  fuel element 
was successfully coxpleted. 

Small hand tools,  including p l ie rs ,  a socket 
i 

Underwater assembly of a 

Irradiation or" Impacted U&-Pu@. Fuel capsules f o r  the first ir- 
radiation t e s t  of impacted UQ-Pu@ were fabricated and shipped t o  
NIiTS. Fuel i n  the 0.505 inch ID by 3* inch long capsules comprises 
HERI U Q  - 2.5 w/o Pu@ vibrationally compacted t o  a relat ively low 
density (- 8 6  TD). 
surface heat fluxes of CI 800,000 Btu/hr-ft2. 

The capsules w i l l  be irrqdiated t o  generate 

Irradiation Performance of bgO-Pu@ and Zr@-Pu@ Fuels. 
graphic examination of irradiated MgO-3.05 w/o PuQ pel le t s  showed 

Ceramo- 

tha t  the insoluble Pu@ was rejected from columnar grains near the 
thennal centers of the specimens. 
boundary between large and small columnar grains. 
movemGnt of Pu@ and/or f iss ion products was previously detected 
by high resolution autoradiography. 

PuQ was concentrated a t  the 
This radial  

ThOpPuC& Studies. 
ing 2 and 5 w/o PuQ were completed f o r  i r radiat ion testing. 
cellent pe l l e t  quali ty w a s  obtained by dry pressing 900 C calcined 
powder and sintering i n  hydrogen a t  1600 C f o r  six hours. 

Th@-pU@ pel le t s  (95-96s theoret ical)  contain- 
Ex- 

Phoenix Fuel Experiments. 
obtain more precise estimates of the heat generation in  fuel  elements 
being designed t o  demonstrate the s t a b i l i t y  of Pu@ cermets. 

P-3 physics calculations were begun t o  

Pre- 

UNCLASSIFIED 

I 1 0 3 0 3 b  



UNCLASSIFIED A-23 €IW- 77 046 

4 

liminary calculatioas indicate t h a t  the high concentrations of 
plutonium in the fue l  eleraerts provide considerably more se l f -  
shielding than had been anticipated. 

Par t ic le  Size Distribution f o r  VibratioEal Compsction. The optimum 
pa r t i c l e  s ize  dis t r ibut ion f o r  vibrational compaction of a 1-3/8 
inch QD x icch I D  t e s3  capsule was calculated from a mathematical 
model developed by Applied Mathematics. 
geometry of t h i s  capsule, a very high density (935 TD) w 3 s  achieved. 
This resu l t ,  i n  conjunction with previcus r e su l t s  on more conver- 
t iona l  geometries, indicates tha t  fcel elements of xlovel geometries 
can be fabricazed without extended empirical determination of opti- 
mum par t ic le  s ize  dis t r ibut icns .  

I& s p i t e  of the odd 

Supporting Physics Studies, 
completed t o  obtain power dis t r ibut iocs  f o r  proposed fue l  elenent 
t e s t s .  Several of these designs iovolve materials and dimensions 
f o r  which t h e  P-3 calculation breaks down because of nmer i ca l  
d i f f i cu l t i e s .  A cylindrical  S-4 c e l l  cohe has been compiled t o  
t r e a t  these problems. 
time cmsumiag than the P-3 code, it appears t o  give comparable 
precisioc.  A slab geosetry versicn of the s a  code is being com- 
p i led  t o  t r e a t  the errichment bandicg problea ia mixed oxide fuels .  

A number of calculations have beer, 

Although the S-!+ solution i s  s l igh t ly  more 

Corrosicr! z-d Water Qual i ty  Studies 

P i t t ing  Corrosion of Nild Steel  Plpe. Selected sectdons of the PRTR 
secondary ard  process water systems have been radicgraphed t o  deter- 
mine the extent cf the p i t t i ng  ccrrcsicn which caused f a i lu re  of a 
sec t ior  of the chemical %a& mild s t e e l  f X l l  l i r e .  
which were radicgraphed showed p i t t i -  with p i t  depths up t a  0.085 
inch. Tcese p i t s  are  located in an area efght inches t o  30 i tches 
from the high flow piping. Radiographs of Fipes containing high 
flow water shaved LO pittir-g. No Icw flow pis ing ir these system 
has as yet been radicgraphed. The observed dead leg  p i t t i n g  may 
reeult  f ron  a d i f f e ren t i a l  aeration ce l l .  

All dea3 legs 

Removal of Contamination ar,d Filrcs F r c m  Fressurized Water Systems. 
As previcusly repcrted, the MACE procedure w a s  i re f fec t ive  i n  re- 
moving the films and a c t i v i t i e s  frcm e i ther  the PRTR system c r  
portions of the M3-G7 Lsop a t  the  ETR. I n  laboratory t e s t s  cn 
representative sanples, only about 1 6  of the a c t i v i t y  w a s  removed 
and the f i l m  appeared t o  be untouched. 

Several additiocal procedures have been tes ted  on the lccp components 
with varyirzg degrees cf success. A single-step procedure using 
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Wyandotte 5231 w a s  of l i t t l e  value. 
cedures using alkaline permanganate followed by phosphoric acid 
(Turco 4512) o r  bisulfate  (Wyandotte 5061) gave very low decon- 
tamination factors,  l e s s  than 1.5. 
using alkaline permanganate followed by e i ther  sulfamic acid o r  
oxalic acid gave decontamination factors  ranging from 5 t o  20. 
Both solutions prepared by mixing laboratory chemicals and pro- 
pr ie ta ry  solutions were effective.  I n  these preliminary t e s t s  
the best  resu l t s  were obtained using alkaline permanganate fo l -  
lowed by an inhibited sulfamic acid (1.0 M sulfamic acid, 1.0 g/ l  
proprietary inhibi tor)  f o r  two hours at 75 C. 

Similarly, two-step pro- 

However, two-step procedures 

Additional t e s t s  are  under way t o  evaluate effectiveness of am- 
monium c i t r a t e  a t  higher temperatures i n  more d i lu te  concentrations. 

Frett ing Corrosion of FXPR Fuel Elements i n  =-Reactor Loop. 
PRTR fue l  element w i t h  modified end brackets t o  permit a fu l l  3600 

A 

contact surface between the fue l  element and pressure tube is  being 
exposed t o  530 F, pH 10 water i n  TF-7 Loop. 
on the t e s t  section t o  promote f r e t t i n g  between the f u e l  element 
and pressure tube. 
has been negligible.  The oxide was found t o  be worn from the bottom 
fue l  element bracket support over an area approximately 1" x 3". 
No metal penetration or oxide removal was found on the pressure tube. 
Based on the limited t e s t  information t o  date, the addition of the,  
increased contact area between the f u e l  element and pressure tube 
appears t o  be a sat isfactory method of reducing frettixig corrosipn. 

Vibration is induced 

After two one-week operating periods, f r e t t i ng  

Monitoring Zirconium Concentrations i n  PEiTR. 
report, the  zirconium concentrations i n  PER primary system water 

Jn last  month's 

with operation of different  pump combinations were reported. When 
the WO w a s  recirculated at  high speed w i t h  pumps 2 and 3, audible 
vibration was reported. 
concentrations of zirconium i n  the coolant were high, greater than 
10 ppb. 
signel disappeared and the zirconium concentrations decreased. 

A t  t h i s  t i m e  (February 10 and ll), the 

When a different  combination of pumps was used, the audible 

During m r c h  additional data were obtained on zirconium concentration 
levels  i n  the PlQFl primary coolant. 
p r ior  t o  a reactor s tar tup t o  investigate the e f fec ts  of different  
pump combinations a t  full-flow conditions. 
were collected a t  approximately one-hour intervals  t o  determine how 
rapidly the concentration might vary. 
t o  determine the efficiency of the cleanup ion exchanger for  removing 
zirconium fromthe coolant. 
any par t icu lar  pump combination caused an appreciable increase i n  the 

A special  t e s t  w a s  conducted 

During t h i s  t e s t  samples 

Samples were a l so  collected 

Sample analysis did not indicate t h a t  
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zirconium concentration, contrary t o  the e a r l i e r  t e s t s .  
be noted, however, t h a t  combinations of 
were o d y  employed f o r  about four hours each, and it is possible 
t h a t  t h i s  period was insuff ic ient .  

It should 
2 and 3, and 1 md 2 

The cleanup ion exchanger was not effect ive i n  removing the zirconium 
from the coolant. 
w a s  not removed by ion exchange, o r  the resin was saturated with z i r -  
conium. 

Either the zirconiumwas present i n  a form tha t  

When the reactor resumed operation, pumps 1 and 3 were in service 
t o  c i rculate  the coolant. 
9 when the zirconium concentration was cors i s ten t ly  above 5 par t s  
per b i l l ion .  During operat.ion concentrations greater than 10 ppb 
were observed on March 4 and 5. 
(March 4 and 5 )  were rechecked &t 8.6 md < 0.2 ppb, respectively. 
The marked reduction observed on the s q l e  from 3/5/63 indicates 
t h a t  precipitated par t iculate  zirconium may be present. The ana- 
l y t i c a l  procedure w i l l  be modified t o  dissolve any par t iculate  
zirconium present t o  evaluate the reproducibil i ty of the procedure. 
Tests w i l l  a lso be colltinued tc  evaluate other procedures f o r  mea- 
suring zirconium concentratiocs. 

There was a 32-hour period on Mrch 8 and 

Samples taken during these periods 

If the zirconium cannot be removed in  the cleanup system, then re- 
deposition is the  mechanism controli ing reduction of the coolant 
zirconium concentration. Under these conditions it is impossible 
t o  calculate actual  zirconium release rates  from concentraticn mea- 
surements i n  the coolant since the redeposition r a t e  ls  unlmown. 
Thus, a t  best, measurement of zirconium concentrations could only 
be used t o  detect  the onset and cessatiou of serious frett.ing cor- 
rosion and could not be used t o  calculate the  anount of fret . t ing 
attack. 

Reactor Componezts Development 

Properties of I r radiated PKTR Process Tubes. 
tube 5679 is continuing. 

The investigation of 
This tube was  removed from channel 1643 

because it contained an ID f l a w  which was detected duriLg in-reactor 
monitoring i n  May 1962. 
t h i s  tube have been performed. The t e s t  temperatures and calculated 
ultimate t ens i l e  strengths have been reported, as has the informa- 
t i o n  t h a t  the flaw had no e f f ec t  on the burst strength. 

B u r s t  t e s t s  of three,  2-foot sections of 

Metallographic examination of samples at  and around the flaw loca- 
t i o n  has revealed abnormal amounts of a second phase more evident 
in a transverse than i n  a longitudinal section. A phase segregatioi 
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has appeared i n  some portion of nearly a l l  irradiated Wrcaloy-2 
pressure tubes examined. 
reduce tube strength. 

The second phase does not appear t o  

Measurements of the thinned w a l l  and the stretched circumference 
of burst specimen 4B of tube 5679 have been made. 
the hoop elongation and the wall thinning a t  the burst were between 
30 and 40$. 

They show that  

The search f o r  hydride i n  tube 0720 in the region of the MgO-PuOe 
fuel  element fa i lure  has revealed a localized concentration of 
about 50 t o  75 ppm. 
area and the rupture were made. 
separation could have been as much as one inch; however, a record 
of the angular locations was not kept. 

Estimates of the closeness of the hydrided 
They indicate tha t  longitudinal 

B u r s t  t e s t  specimens from tubes 0720, 5540, and 5702 were prepared 
by PRTR personnel fo r  shipment t o  Radiometallurgy. 
will be burst-tested a t  elevated temperature i n  the remote burs t -  
test equipment a t  Radiometallurgy. 

These specimens 

Tube 0702,will go in the PFtFR i n  the near future as replacement 
f o r  tubeW5675 which w i l l  be discharged fo r  burst-testing. 
dimensions of tube 0702 were measured t o  provide fo r  more accuracy 
in post-irradiation dimension dependent measurements. 
cally, the over-all length, the length of the small diameter 
section a t  the in l e t  end, the distance from the i n l e t  end t o  tis 
large end of the taper, and the QD a t  nine points along the large 
diameter section were measured. 

A l l  pictures of irradiated burst-test specimens were collected 
and arranged i n  a notebook. 
majority of the bursts occurred a t  about one-quarter of the length 
from mid,length. A possible reason f o r  t h i s  i s  tha t  the amount of 
fast neutron exposure varied significantly from one end t o  the 
other and the  end having the  lower exposure would have the lower 
ult-te tens i le  strength. 
wrriatian end-to-end in  neutron exposure because it came from the 
location of the flux peak. 

The 

Specifi- 

These pictures show tha t  the 

One of these specimens had a very small 

It burst a t  mid-length. 

Pressure Tube Monitoring. Eight process tubes were examined during 
the past month. 
since PRTR decontamination. Four of the eight tubes were believed 
t o  exhibit substantial vibration. 
vibrating, two operated with U@ elements and two w i t h  mixed oxide 
elements, one of which had been repadded. 

Six of the eight channels operated with Uo;! elements 

Of the four tubes suspected t o  be 

For the channels operating 
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with U@ elements, a l l  tubes excepting one were i n  general found 
t o  have a number of new f re t t ing  corrosion marks formed since the 
June inspection of 1962. The bulk of the new f r e t t i n g  marks are 
the resul t  of the sp i r a l  lg-rod bundle wrap wire  contacting the 
inner surface of the process tubes. 
vibrating, those which operated with UQ elements appear t o  have 
incurred more f r e t t i ng  corrosion than those tubes which operated 
with mixed oxide elements. mere  were no clear-cut differences i n  
the amounts of f r e t t i ng  corrosion of suspected vibrating and non- 
vibrating tubes. More definit ive vibration measurements are needed 
t o  determine whether or not there are gross differences i n  the mag- 
nitudes of vibration from one’tube t o  any other in the PKPR. 
t h i s  inspection, ID and gas gap were a l so  measured. 
from operating specifications were found. 

of the tubes suspected t o  be 

During 
No deviations 

A radiation resis tant  television camera has been considered f o r  in- 
reactor visual inspection of the PRTR Zircaloy-2 pressure tubes. 
&asurement of electronic properties of a special  TV camera image 
tube (vidicon) with a radiation resistafit faceplate showed no change 
a f t e r  1.1 x lo9 R accumulated gamma irradiation. This substantiates 
previous resul ts  i n  which no degradation in visual television picture 
qual i ty  was noted a f t e r  t h i s  i r radiat ion.  This i s  the highest known 
successful i r radiat ion of a television vidicon tube. 

Second Generation Mechanical Shim Rod fo r  PRTR. Detailed design of 
the driving head is complete except fo r  the f i n a l  assembly drawings 
and the heat sink detai ls .  
head i s  estimated 7 6  complete. 

Fabrication of the par ts  f o r  the driving 

The selsyn position readout equipment was, received. 
order f o r  t h i s  equipment was based on equipment f o r  only  one rod. 
Since it i s  desired t o  carry on out-of-reactor tes t ing  simultaneous 
with in-reactor tes t ing and since the position readout equipment 
received appeared t o  be of high quality, a requisit ion w a s  placed 
f o r  additional units f o r  the second rod assembly. 

The i n i t i a l  

A sat isfactory proposal was received f o r  rotary type l i m i t  switches 
fo r  the  driving head. 
switches f o r  two rod assemblies. 

A requisit ion was placed f o r  suff ic ient  

A requisit ion was placed fo r  a s e t  of zirconiumlead screws t o  be 
evaluated along with the presently used aluminum lead screws. It 
is  believed possible that  zirconium screws might increase the r e l i -  
a b i l i t y  of the rods, although a t  a considerable-increase i n  cost. 
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Shim Rod Envlro-ntal Test Facil i ty.  
t ion  of the shim rod environmental t e s t  f a c i l i t y  are complete. 

Fabrication and instal la-  

The f a c i l i t y  has been operated sa t i s fac tor i ly  f o r  severai hours 
at  design conditions. 

A new shim rod, procured as par t  of an order fo r  10 new spares, 
has been received and w i l l  be instal led and tested i n  t h i s  f ac i l i t y .  

EDEL-I Renovation. 
assembly indicated tha t  the uni t  is now operable although the 
vibration s t i l l  exceeds desirable limits, 

Vibration checks on the rebalanced pump-motor 

Fabrication was completed and the system hydrostatically tested 
a t  3000 psig i n  the presence of the th i rd  party inspector. 
drawing identifying a l l  welds and material cer t i f icat ions I s  
be- prepared. 
down tests. 

A 

The loop is now ready f o r  high temperature shake- 

Frett ing Corrosion Investigation. 
graphic recorder t o  be used with the vibration and flow and 

Delivery date f o r  the oscillo- 

pressure osci l la t ion i n s t m n t s  is now my 10, 1.963. 
f i e r s  orJ.ginally Intended -to be used with the recorder have now 
become unavailable on a loan basis. 
currently being ordered on an emergency basis. 

The ampli- 

Satisfactory amplifiers are 

Fabrication of the fuel  element containing the eddy current 
position indicating instrumentation will begin in approximately 
three weeks. 
lead w i r e  t o  be used w i t h  the eddy current coi ls .  

Work is currently delayed pending receipt of the 

PRTR Rupture Loop Components. A test  t o  check leak ra te  and stud 
stresses f o r  the mpture loop out le t  jumper connection was 
attempted f o r  the second time i n  EDEL-11: Prior t o  assembly, the 
connectox hubs were round within 0.001 inch. H I g h  leakage was 
observed during the f i r s t  temperature cycle. When the connector 
was disassembled, one hub was found t o  be oval by 0.009 inch and 
the other by 0.004 inch. 

Investigation of the f i t  of the hubs and clamps revealed tha t  the 
spacing between the clamp and one hub was gauged t o  be about 
0.020 inch larger  a t  the two clamp ends than a t  the center. - clearance on the other hub was approximately the same. 
should have been constant. 
made on these defornred par ts  and the following fac ts  are now 
apparent. 

The 
This spacing 

- Numerous checks and t e s t s  have been 

UNCLASSIFIED 



.- 

UNCLASSIFIH) 

1. 

2.  

3.  

4. 

5 -  

A-29 

Two out cf three connections tested by Equipment 
Development have leaked qulte badly. 

Contact between hub and clang i s  confined t o  the 
center portions of the clamp on arc l i nes  approxi- 
mately 22O t o  e i ther  side of the center. 

HW-77046 

Line contact for the  proper 180° of a rc  is not ob- 
tained u n t i l  a t o t a l  of 0,025 inch of shims is placed 
between the two hubs. 

Connector par ts  conform t o  Gray Tool C0n;pany drawings. 

Good performance has been cbtained a t  Hanford and a t  
Gray Tool on connectors of similar s ta in less  materials. 

A t  the  presetlt, the cause of t h i s  groblem appears t o  be a design 
inadequacy relating t o  g e m t r y  and f i t  of t.he parts. 

Ini t . ia l  contact has been made with Gray Tool Company and followup 
coatacts are plaxined i n  an attempt t o  resolve t h i s  problem. 

PFEPR Pressure Tube Seals. 
pressure tube sea l  t e s t  assembly t o  be instal led on EDEL-I. 

Design is 5096 complete on a three s ta t ion 
A small 

canned rotor pump and heat exchanger have been obtained t o  be used 
t o  circulate cool water through the t e s t  assemblies fo r  the cool- 
off portion cf the thermal cycle t e s t s ,  

PRTR Gas Loop Components. Fabrication of the pressure tube-shroud 
tube gap detector assembly was init iated.* Cleanup work on various 
tools continued. 

Hazards Analysis 

Hazards Reviews. 
were presented t o  the Plutonium a d  Fast Reactors Subcouncil a t  
the 10th meeting of the  General ELectric Company Technological 
Bazards Council. 
PKPR uperating limits and convection ccoling of the PRTR following 
a total e lec t r i ca l  power fai lure .  

The resu l t s  of two PRTR nuclear safety analyses 

The subjects reviewed were proposed chaages i n  

The Council accepted a s  consistent with reactor safety considera- 
tions the increased heat t ransfer  f lux l i m i t ,  650,000 E%u/(hr)(ft2), 
and t u 2  power limit, 1800 kw. Previous limits were 400,000 Btu/ 
(h r ) ( f t  ) a ~ d  1200 kw. 
resulted in the conclusion tha t  convection cooling can adequately 

Review of convection cocling in  the PRTR 
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cool the fue l  elements during a t o t a l  e lec t r ica l  power fai lure  
provided tha t  operating personnel perform the necessary opera- 
t ions a t  approximatelythe correct times and that  the pres- 
surizer re l ie f  valves open prcperly. 

AEC approval has been received t o  operate the PRTR Fuel Element 
Rupture 'Pesting Faci l i ty  i n  accordance w i t h  the provisions of 
the safeguards analysis f o r  t h i s  f ac i l i t y ,  "PRTR Final Safe- 
guards Analysis, Supplement 5, Fuel Element Rupture Testing 
Facility," HW-61236 SUP 5. 

Loss of Coolant Study. 
on fue l  temperatures i n  PRTR were determined i n  analog s u a -  
t ions of reactor transients.  In these analyses it was assumed 
tha t  the reactor was operating a t  70 Mw, 87.55 of the coolant 
was l o s t  i n  0.1 second, and the safety c i r c u i t  was tripped a t  
91 Mw. 
ture coefficient i n  the studies. For various possible values 
of the  coolant void coefficient the resul ts  are tabulated below. 

The effect  of positive void coefficients 

Credit was taken, also, fo r  the negative fueltempera- 

Coolant Energy Average Fuel 
Void Coefficient Release Temp. Increase 

mk IW-sec op 

+ 5  160 
+10 830 
+15 1200 
+20 8000 

Review of Light Water Injection System. 
increased tube power limit i n  the PRTR, 

60 
600 
1800 
3000 

In c6njunction with the 
reanalysis of the l i gh t  

water injection w a s  in i t ia ted.  
temperature of Zircaloy-2 clad, ceramic core fue l  elements was 
also mad$; the published data on Zircaloy-2 strength versus 
temperature lead t o  the conclusion tha t  these elements could f a i l  
a t  temperatures of about 1200 t o  1400 F instead of a t  the E l t i n g  
pob l~ .  of zirconium, about 3300 F. 
of jacket failure, both the high pressure and low pressure l i gh t  
water inject ion system would be adequate. 

A review of t h e  probable fa i iure  

Even with t h i s  lower temperature 

PRCF Conversion t o  Hp,O Moderation. 
developed for  analog simulation of reactor excursions in l igh t  
water moderated PRCF cores. 
be given by the negative fue l  temperature coefficient and by the 
moderator void coefficient. The f i r s t  cores t o  be studied on the 
analog w i l l  be PuC&-U@ mixed oxide core in support of the EBWR 

The mathematical model has been 

In these studies inherent safety w i l l  

loading. 
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2. Plutonium Ceramic Fuel Research 

I -  Plutonium Nitride. Arc melting experiments were performed as 
par t  of a study of the thermal s t a b i l i t y  of PUN. 
nit r ide,  formed by ni t r iding plutonium hydride, was arc-mlted 
under one atmosphere of nitrogen on a water-cooled copper hearth. 
Mtallographic and x-ray diffract ion data show tha t  approximately 
95 v/o of t h i s  arc-melted material consists of PUN dendrites in 
a matrix of alpha plutonium. 
(PIN __+ Pu + 3 N2) a t  the melting point. 

Plutonium .- 

.* 

The PUN thermally decomposes 
The samples had a 

- s o l i d  PUN surface layer. 

Radiation Self-Damage of Plutonium Compounds. The l a t t i c e  par- 
anaeter of Pu@ w a s  found t o  increase a t  the r a t e  of 0.35 x 10-3 
A a/a/100 days due t o  alpha self-damage a t  room temperature. 
This value was measured a f t e r  503 days of exposure. 

After 120 days of self-damage, beta-Pu203 has exhibited the f o l -  
lowing rates  of increase per 100 days: 

4 a/a = 0.70 x 10-3 

3.  Uranium Ceramic Fuel Research 

Thermal Conductivity of U s .  
t ransfer  through Uo;! show that  the conductivity of single crystals 
( re la t ive t o  polycrystals) increases aboje 1600 C. 
flow apparatus which compares the conductivity of hollow cylindri- 
ca l  specimens surrounding a central  tungsten heater was used f o r  
these measurements. The r a t io  of the  conductivity of the single 
crystal  t o  that of the polycrystal was 2.0 a t  850 C, 1.2 a t  1600 C, 

Preliminary measurements of heat 

A radial  heat 

ma 1.8 a t  2000 c. 

. 

These ra t ios  may be low i f  the enhanced conductivity of single 
crystals  a r i ses  from radiant heat t ransfer  since the transmitted 
energy does not heat the Uo;! surface and thus passes through un- 
detected. 
plated with thin,  opaque coatings of tungsten. 
coating is expected t o  prevent loss  of energy radiated through the 

This ef fec t  is being investigated by using specimens 
The tungsten 

uo2* 
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In-Reactor Measurement of Thermoelectric Power of Uo;!. The ther- 
moelectric potential  of UOr was successfully measured in-reactor. 

par t icular  interest ,  a Feversal of po lar i ty  (from p- t o  n-type 
conductance) occurred as the  central  temperature of the cylindri- 
c a l  element increased from1000 t o  2000 c. 
poss ib i l i ty  tha t  greater amounts of thermoelectric power can be 
produced by controlling the Uo;! composition, and hence, the con- 
duction mechanism. An average thermal emf of 500 p v/C was mea- 
sured a t  a core temperature of 1000 C. 

This suggests the 

Electron Microscopy of Autoradiographic Replicas. 
developed of replicating UCQ surfaces f o r  electron microscopy 
with an alpha sensit ive emulsion. 
replicated surface and alpha tracks originating f romthe  surface 
was observed a t  b0,OOOX. 
and hence the point of origin, can be determined by the spacing of 
the s i l ve r  grains i n  the emulsion. Higher magnifications (up t o  
3O0,OOOX) were used t o  study de ta i l  of the alpha tracks.  

A method w a s  

Excellent de t a i l  of both the 

The direction the alpha pa r t i c l e  t ravels ,  

Electron Microscopy of Thinned U02 Sections. 
was successfully used t o  produce thin sections of UC& crystals 

Chemical thinning 

f o r  electron microscopy. -The thinning is accomplished by direc- 
t i ng  a hot phosphoric acid Jet  on the sample. (The apparatus is  
based on that designed by D r .  Amelinckx a t  Mol). 
have averaged about 400 square microns and are  expected t o  in- 
crease i n  s ize  w i t h  improvements i n  the technique. 

Thinned areas 

Sections thinned from sawed wafers of U@ crystals  show a complex 
network of mobile dislocations and extinction contours. Thinned 
natural  cleavage p l a t e l e t s  showed l i t t l e  disldcation structure 
i n i t i a l l y  but developed an immobile network upon proloEged exposure 
t o  the electron beam. 
occurred during examination, each break-through hole displaying a 
s 'hilar hexagonal shape. 

Additional thinning of the cleavage p la te le t s  

Uo;? microcores, approximately 0.015 inch OD x 
were extracted from Uo;! specimens using a special, 

small core d r i l l ,  and ultrasonic d r i l l i n g  techniques. 
were taken fromu@ single crystals,  *act formed Uo;! and sin- 
tered Uo;?. 
materials for fundamental studies of f i ss ion  product migration 
and analyses of impurity phases. 

Specimens 

These small cores allow precise sampling of fue l  

Impaction of U@ Scrap t o  Ultra-High Density. 
(99.w T D )  reported last  month f o r  U@ impacted with a &-inch 

The high densi t ies  

diameter t c o l  s t e e l  punch a t  an unknown impact pressure, have been 
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shorn t o  be the resu l t  of higher impact pressures than previously 
believed possible using tool  s t e e l  punches. 
been duplicated using calibrated 4-inch and 2.5-inch diameter 
tool  s t ee l  punches, a t  measured impact pressures of 250,000 psi .  

Bxpacted densit ies approximately 0.4% higher were obtained using 
pulverized sintered scrap roasted t o  a composition of UQ.01, 
compared t o  densit ies obtained using pulverized sintered scrap 
without roasting. echanica l  strength of the  material impacted 
from roasted U@ is greater than tha t  of material impacted from 
unroasted scrap, indicating be t te r  inter-pa,rticle bonding. 

These resul ts  have 

Electron Microscopy of U N - W  Cermets. 
by reflection electron microscopy during controlled electron bean 

A IIN-W cermet was observed 

heating, and while it w a s  being subjected t o  a low-pressure oxygen 
j e t .  
surface temperatures of approximately 1000 C. 
oxygen a t  t.htit temperature caused rapid oxidation of both UN and W 
surfaces, but UN-W interaction did ~ o t  appear t o  be appreciable, 
and the surface retai red i ts  general twc-phase character. 
vestigation i s  continuing with other gases and other uranium cermets. 

Severe t h e m  etching occurred, especially in the UN, a t  
Iptroduction of 

In- 

Fabrication of Cermets. A variety of pcwdered metals has been 
procured fo r  inpaction of uranium and plutonium cermets. 
nique has been developed f o r  fabricating 4-inch diameter sol id  
cermet discs approximtely 1-inch thick by impaction. 
UQ cermets completely encased i n  and bonded t o  tw-gsten cladding 
have been f o m d .  

A tech- 

Tungsten- 

Magnetic Force Resistance Welding Studies. 
were joined successfully without the occurrerce of the large re- 
crystall ization grains tha t  normally appear i n  the weld zone. 
rapidity with which the bondkg takes place limits recrystall ization 
t o  an extremely narrow band i n  the weld area. The recrystall izaticn 
grains tha t  do form are smaller than the grabis of the parent metal, 
indicating the jo in t  may be stronger than the parent material. 

Two pieces of tungsten 

The 

The first successful j o i n i q  of tungsten-U@ cermet material was 
achieved. No U@ vaporization occurred during the bonding of the 
pieces because of the extremely short  welding time and high current 
density used t o  produce the bond. 
welding produced s l igh t  cracking In the parent material, but t h i s  
can be eliminated. 

The pressure applied during 

Preparation and Properties of UOS. 
preparation of UOS (uranium oxysulfide) by deposition from a molten 

A method was developed f o r  

UNCLASSIFIED 

I 1 0 3 0 4 1  



UNCZASSIFIED A- 34 HW-77046 

4. 

salt solution. U S 2  and UoS-US2 mixtures have also been prepared. 
The melting point of UOS prepared by this method w a s  1880 & 50 C. 
After solidification, two unidentified phases were present i n  the 
UOS. 

UCQ f o r  Savannah River Laboratory. 
with other s i t e s  f o r  evaluation and information exchange. 
response t o  a request from SRL, a 50-pound l o t  of (-12 +20) mesh 
arc-fused U@ f o r  WCTR test ing was treated a t  high temperature i n  
moist hydrogen t o  reduce the impurity content, par t icular ly  tha t  
of the ni t r ide.  
mately 5 ppm, nitrogen content less  than 100 ppm, and density 
greater than 99% TD. . 

Uo;! materials are exchanged 
In 

Preliminary data indicate water content approxi- 

Basic Materials for  Research. 
E n s  were prepared fo r  other s i t e s ,  including Tokai (Japan), CANEL, 
LASL, O m ,  and NMFO. 

Standardized uranium ceramic speci- 

HGSR Fuel Element Study. 
quired t o  produce a fue l  element meeting the functional require- 
ments outlined i n  HW-73130, "Power Reactor Design Study and 
Evaluatiozn - Hanford Graphite Superheat Reactor (HGSR)," i s  being 
evaluated a t  the request of Reactor Design Analysis, N-Reactor 
Department. The proposed fuel  elements are 18 or 26 fee t  long, 
re-entrant, and include both boiling and superheating heat transfer 
surfaces. Problem areas include cladding material, fabrication 
(vibrational compaction) technology, cladding support, eccentricity, 
cladding and fue l  creep and d i f fe ren t ia l  expansion, f iss ion gas 
accomnodation, high heat flux, corrosion, hydraulic s t ab i l i t y  and 
effect  of operational variables. 

The research and developmnt e f for t  re- 

Basic Swelling Program 

Irradiatiron Program. 
the i r  irradiation. 
mentation i s  being employed t o  control the temperatures of these 
capsules. 
sore di f f icu l ty  w a s  experienced in.maintaining precise control on 
one capsule and a momentary excursion in to  the beta occurred. 
'phis excursion is expected t o  have a small influence on the resul ts  
that  might otherwise have been o w n e d .  The second capsule experi- 
enced a temperature drop when the reactor went down because of an 
error  i n  the wiring of the heating power supply. 
drop with the reactor down is  not expected t o  influence the behavior 
of the specimens. 
sules are now operating a t  a constant temperature. 

!lWo general swelling capsules have continued 
The reworked Minneapolis-Hon eywell instru- 

Due t o  an unexpectedly large amount of f i s s ion  heating, 

This temperature 

The problems have been rect i f ied and both cap- 
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Two additional capsules a re  being constructed. 
contain eight different  uranium specimens i n  l i e u  of the s ix  
(three of which are  duplicates) heretofore employed. 
with various additions of Fe + Al and Fe + S i  w i l l  be included 
with the high puri ty  uranium. Various heat treatments will a l s o  
be represented t o  permit greater insight i n to  the influence of 
mta l lu rg ica l  conditions on the Irradiation behavior of uranium. 

These w i l l  each 

U r a n i u m  

Post-Irradiation Bcamination. 
recovered from two controlled temperature capsules irradiated t o  

The uranium specimens tha t  were 

0.15 a/o B.U. a t  575 C are  being processed f o r  metallography. 
One capsule contained specimens enriched t o  1.444 U-235, whereas 
the second contained natural  (0.72% U-235) uranium specimens 
The density values and the calculated volume changes are  as 
follows: as extruded, natural  urariium, p = 12.3 g/cc ( A  V/V = 
0.54); beta-quenched, natural uranium, p = 15.3 g/cc (A V/V = 
0.24); as extruded, 1.44% enriched uranium, p= 14.2 g/cc (A V/V = 
0.33); and beta-quenched 1.445 enriched uranium, p- 13-16 g/cc 
(A v/v = 0.43-0.15). 

The density values agree quali tatively with the  macro-appearance 
of the specimens and verify the previous conclusion tha t  the 
natural  uranium specimens suffered s l igh t ly  more damage than did 
the enriched uraniua specimens. The density measurements on the 
enriched specimens were taken i n i t i a l l y  using tetrabromoethane as 
the immersion mdia and were repeated with carbon tetrachloride. 
'Phe values on the  as-extruded samples were the same with both 
f l u i d s  but the density was much higher (16.47 versus 13.26 g/cc) 
i n  cc14 fo r  the beta quenched specimen. This i s  believed t o  be. 
due t o  the f ac t  t ha t  be t te r  wetting of iqternal  cracks and gores 
was achieved w i t h  CCl4. 
representative of the t rue condition of the specimen. The value 
obtained on the beta-quenched, natural  uranium specimen a l so  f a i l s  
t o  indicate the magnitude of the damage tha t  actually occurred due 
t o  probable wetting of internal cracks and pores. 

The lower density value is  probably more 

Both optical  and electron metallography have been completed on the 
enriched samples. The natural  uranium specimens have yet t o  be 
ccrmpletely processed. Large differences were observed between the 
samples. . Sample A-2 (natural uranium, as extruded) had tears ,  pores 
(some of which appeared t o  be aligned crystallographically) and 
pseudo second-phase tha t  has been detected previously. This "phase" 
a l so  appears t o  be aligned crystallographically. No grain st.ructure 
could be detected by e i ther  op t ica l  o r  electron metallography. 
Profuse porosity was observed in the electron microscope; pores 
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varied i n  s i z e  f rom-lh t o  N 0.03~. 
as  A-2, looked much more sound. 
developed and was quite similar t o  the pre-irradiation structure. 
A few tears  were present as was a l i t t l e  of the crystallographic 
porosity and pseudo second-phase. !Phe general porosity appeared 
t o  be l e s s  thaxi was the case for  specimn A-2. The variation i n  
pore s izes  seemed t o  be about the same; however, the density of 
large pores io specimen 3-2 is much less .  The pore s ize  density 
distributions w i l l  be determined with the quantitative metallo- 
graphic techniques developed on t h i s  program. 
had been-beta-quenched pr ior  t o  irradiation, varied a great deal 
within +,he transverse section -- one exid was very lacy whereas 
t h e  ot.her end contained only a few t ea r s  and large holes. 
Appreciable amounts of pseudo-second-phase were a l so  present. 
is extremely d i f f i cu l t  t o  distinguish r ea l i t y  from a r t i f ac t  i n  
these sanples. 
normal polishing and etching characterist ics of the uranium, pro- 
ducing structures tha t  are completely false .  . A constmt e f for t  
is  being made t o  improve the techniques employed. 

Specimen B-2, same s t a t e  
Grain structure was clearly 

Specimen C-2, which 

It 

Porosity and tearing c a  interfere  with the 

Some large patches of the unidentified pseudo-second-phase present 
i n  s p e c w n  A-2 were removed w i t h  a micro d r i l l  and the dr i l l ings 

Several attempts were mde t o  o b t a h  an x-ray diffraction powder 
pattern fromthe material collected, but no trace of a pattern 
w a s  obtained. It would appear t ha t  the material is amorphous. 
Other micro techniques will be employed t o  ideritify the elements 
present. 

t were collected w i t h  a vacuum pickup onto p las t ic  f i l t e r  paper. 

The Wrcaloy-2 clad, uraxiium-uranium diffusioxi couple specimn 
that  had been irradiated t o  0.4 a/o B.U. in the enriched she l l  
and t o  0.C2 a/o B.U. in t.he dep, le ted core and then annealed a t  
950 C f o r  100 hours has ncw beec reprocessed f o r  met.allogr&phy 
a f t e r  an-additional anzeal at  600 C f s r  1009 hours. m e  600 C 
m e a l  produced essent ia l ly  LO change i n  e i ther  the s ize  cr dis- 
tribution of porosity i n  the deplefed zone. The exiriched zone i s  
too porous fo r  effective repl icat im.  No evidence fo r  diffusion 
was obtained; hence, it is doubtful t ha t  the rest of the annealed 
specimens of th i s  ser ies  will be examined. There are s t i l l 1 2  
specimens representing two exposure levels  t ha t  are  i n  the ir- 
radiation capsules. 
study diffusion a t  ultra-high pressures. 

It is anticipated tha t  these w i l l  be used t o  

Restrained Irradiations. 
ence of rest.raint on the swelling of uranium, Wrcaloy-2 clad 
uranium rods w i t h  selected uranium temperatures, cladding thiclmesses 

In  order t o  gain insight into the influ- 
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. and exposure are  being i r radiated i n  NaK-filled temperature 
manitored capsules. 
in the  micro-structure and second-phase dis t r ibut ion of beta 
heat-treated U-2 w/o Zr  fue l  irradiated a t  temperatures of 
approximately 520 C. 
been s tar ted t o  separate the therms1 and radiation effects  on 
the phase changes. This information is  important t o  the under- 
standing of the ro le  tha t  phase transformations may have in the 
mechanics of swelling of U-2 w/o Zr. 
of Zr-2 clad U-2 w/o Z r  fuel  in NaK capsules are now under way. 
The volume average temperature 

Recent i r radiat ions showed marked changes 

Out-of-reactor annealing studies have 

Additional i r radiat ions 

of these samples i s  approximately 
475 c. 
In addition t o  the above al loy fue l  irradiations,  one U-2 w/o Z r  
rod clad w i t h  Zr-2 of 0.025 inch nominal thickness and two Zr-2 
clad unalloyed uranium rods, one with 0.025 inch nominal cladding 
thiclmess and one with 0.035 inch nominal cladding thickness, are 
being irradiated i n  NaK capsules. 
approximately s ix  inches long and have one end open t o  permit 
possible extrusion of the fue l  out the end. It is anticipated 
t h a t  these samples w i l l  provide quali tative data on: 
re lat ive p l a s t i c i ty  of the unalloyed and alloyed fuels under 
similar i r radiat ion conditions; and (2) the re la t ive  res t ra in t  
offered by 0.025 inch and 0.035 inch thick Zr-2 cladding. 
samples are now a t  approximately one-half goal exposure. 

These three rods are each 

(1) the . 

These 

Thorium. 
B.U. have been processed for  metallography, hardness, and density. 

Two thorium specimens irradiated to 0.18 and 0.92 a/o 

The hardness and density values are indicated 

Sample 
NO. 

B-2 

s-3 

Source of 
B t a l  

Battelle 

W o r d  

a/o B.U. 

0.18 

0.92 

Hardness 

78 i 1 

(Center ) 
-65 f 2.  

below. 

Density, gms/cc 
Avg of Two 

Determinations 
i n  C C l 4  

11.67 f 0.01 

11.50 f 0.01 

Both specimens have increased appreciably in hardness as compared 
with the pre-irradiated hardxiess of about Rg 13. 
t o  note tha t  specimen S - 3  is s ignif icant ly  sof te r  i n  the center 

It is interesting 
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region than in the edge region. The reason f o r  t h i s  is probably 
due t o  the higher operating t e q e r a t c e  of S - 3  which permitted 
some recovery of i r radiat ion hardelling t o  occur. 
pores (0.02-0.1p) located p r i m r i l y  a t  grain boundaries were ob- 
served in S-3. There was no marked differexxe between the edge 
and center regions, but these areas w i l l  5e examhied in greater  
detai l  t o  ascertain whether cr no% real differences in e i ther  
the  s i ze  o r  number of pores exis t .  The density measurement on 
specimen S-3 indicates a vclume Inzrease of about 1.5s. It is  
doubtful,tbat the porosity observed cm account f o r  t h i s  much 
volume change. 
l i k e l y  tha t  t h i s  has contributed significantly t o  the observed 
density change. 
unirradiated ccctrol material ad, as eqected,  no porosity was 
cbserved w i t h  the electron nlcrcscope. These specimen6 w i l l  be 
amealed a t  successively higher temperatures arid the  above pro- 
cessing will be repeated. 

A f e w  small 

Since specimen S - 3  contahed a large crack, it i s  

The density of semple B-2 was xi0 different  from 

5 .  Irradiation Damge t o  Reactar Metals 

Alloy Selection. Bccuremert of materials t o  be used as test  
syecibnena f o r  tLe I r rad ia t ian  Effects on Reactor Structural  

past  mn th  were approximately 18,000 pounds each of U12B and 
A3O2B pressure vessel s t e e l  plate .  
in t h i c h e s s  and closely duplicates the standard heat material ob- 
tained by the L'nited S ta tes  Steel  Co-rpratjon f o r  the  ncclear 
industry . 

L 
I Materials Prcgran is  continuim. Received on si te during the 

This niaterial w a s  four bches  

Specifications f o r  precipitation harder,aLle a i loy  A-286 have been 
prepared a d  a requisit5on fcr procurement of s t r i p  wd rod 
init iated.  
acd ccrrosion properties a t  high t eqe ra tu res  ar.d i5s prcperties 
before and a f t e r  i r rad ia t ion  all be conpared with other precipi- 
t a t ion  and solution hardened alloys. 

An order has been placed with Caqeuter  Steel  Ccqany f o r  AISI 406 
stainless s t e e l  i n  the  form zf s t r i p  and bar. 
review has bee= completed f o r  qmnt i t i e s  of plate ,  sheet, and bar 
of AISI 304, AISI 348, and AM-355. 
from Allegheny Lcdlum Corporation. 

'Ifkis chrsmilm, nickel, iron a l loy  has gcod stzength 

In addition, bid 

mis material w i l l  be obtaizied 

Tensile qecimens of Biconel 6.25: R-235, a d  Hastslloy N have been 
prepared and submitt.ed f o r  i r rad ia t ion  in a cold water (175 F) ir- 
radiation f8c i l i t .y  of the  ETR. 
will be coqared with .chat of other t e z t s  f o r  specisens irradiated 

Data f romth i s  i r rad ia t ion  t e s t  
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at 540 F and a t  1300 F i n  order t o  determine the temperature 
e f fec t  upon the properties of i r radiated s t ruc tura l  materials. 

--Reactor easurements of Mechanical Properties. 
progress is  the first of a se r ies  t o  determine the s t ress  depen- 

The t e s t  i n  

dency of Wrcaloy-2 creep during i r radiat ion.  
is being conducted on 20% cold worked Zircaloy-2 a t  a temperature 
of 350 C and a s t r e s s  of 20,000 psi.  
1300 hours of operation during which time three reactor outages 
have occurred. 
20,000 p s i  s t r e s s  has been tentat ively established at 1.7 x 
in/in/hr. 
occurred shortly a f t e r  charging, exhibited a r a t e  essent ia l ly  
the 8- as tha t  during reactor operation. 
has not accumulated enough hours t o  determine the creep ra te  
accurately, but it appears t o  be abcut 1.9 x 10-5 in/in/hr. 
Except f o r  the in-reactor ra te  during reactor outage, the creep 
curves follow the same general pat tern established by the ser ies  
of creep t e s t s  conducted a t  30,000 p s i  s t ress .  Other tests w i l l  
be conducted t o  determine i f  t h i s  deviation fromthe pattern i s  
due t o  stress dependency. 

The present t e s t  

The t e s t  has accumulated 

The creep ra te  during Irradiat ion a t  350 C and 

The in-reactor test during a 10-day outage, which 

The ex-reactor t e s t  

Development of the d i f fe ren t ia l  control system f o r  the temperature 
control of t.he in-reactor capsule heaters described i n  the January 
monthly report i s  continuing. 
96-point data logger i s  also progressing. 
par ts  have arrived and assembly work is  i n  progress. 

Construction of the creep capsule 
Ninety percent of the 

Negotiations.were completed t h i s  month for  t he  procurement of 20 
additional creep capsules. 
sules ident ical  t o  those now being used in  the program and par ts  
f o r  an additional 10 capsules t ha t  can be t a i lo red  t o  particular 
environmental t e s t s .  
between temperature limits of 200 and TOO C, with stresses between 
0 and 80,000 p s i  and s t r a in  recorded f o r  one-half inch elongation. 
The unassembled capsules can be al tered t o  extend the above limits 
as a part icular  test or enviromental condition may dictate .  

The specifications c a l l  fo r  10 cap- 

The assembled capsules can be operated 

Tensile t es t ing  of heating element wires is progressing. 
tests are being perfomed on i r radiated and unirradiated N i - C r -  . 
Fe-AI., N i - C r ,  and 406 stainless  steel wires t o  determine the cause 
of in-reactor heater fa i lures  and t o  es tabl ish a basis of selection 
f o r  future in-reactor use. 
specimens has been eliminated and the techniques discussed i n  the 
January monthly report have proved satisfactory.  
samples are presently being tested. No comparisons t o  irradiated 
samples can be made a t  t h i s  time. 

The 

Grip slippage of the 0.020-inch diameter 

The unirradiated 
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Irradiation Effects i n  Structural k t e r i a l s .  The purpose of t h i s  
program is  t o  investigate the combined effects  of irradiation and 
reactor envirorment on the mechanical properties of structural  
materials. Special attention w i l l  be given t o  the determination 
of mchanical property changes produced in metals by i r radiat ion 
at elevated temperatures. 

Durirg the mcth  146 specimens were tested.  
izlcluded 104 irradiated specimens, 33 control Specimens exposed 
i n  the  ex-reactor hot water loop, and nine specimens i n  the as- 
fabricatgd condition. Of the specimens tested,  93 were 2 - 2 ,  six 
were Z r  - 2 Sn - 2 I?b3 and the remainder were s ta inless  s tee ls  of 
the types AISI 410, 406, 348, and AM-350. 
forrxied on 24 irradiated Zr-2 specimens; t.he remainder of the t e s t s  
were performed on p la te  tens i le  specimens. 

The specimens tested 

Bend t e s t s  were per- 

Specimecs of AIS1 type 348 and 304 stainless  which received ex- 
posu re~  of approximately 6 x 1019 an& 1.8 x 1020 nvt ( f a s t )  were 
give3 a oEe-hcur querrch i n  l iqu id  r-itrcgen before t e s t i w  a t  room 
t eqs ra tu re .  
resul t  of t h i s  treatmefit. 

&e hundred teIisile specimens have been fabricated from rolled 
s tee t  stock r,f Hastelioy X-280. Syecimem oriented transverse 
t o  the roll ing direction were giiren a variet,y of aging treatments 
a f t e r  a sol.dticn m e a l .  Both the wing  temperature and the time 
at  t eqe ra tu re  were varied. Speciniens representirg a l l  agirg 
conditions are t o  be charged i n  bcth the ETR E 7  loop and the ex- 
react cr hot water' loop * 

No change i n  nechanizal praperties was noted as a 

4 
# 

Six capsules ccritaining 48 tens i le  specinem have been sent t o  
the ETR t o  be i r radiate3 i n  the C 3x3 E 6  Fcsitiorr. Specimens 
irradiated ir, t h i s  pcsit ion are eqcsed  t o  reactor ambient tem- 
perature,prqcess water and f l u  similar t o  that  iri the E 7  loop. 
Materials i rduded  i n  these capsules were AISI type 304, 348, 410, 
and AM-350 stainlees s teels ,  as w e l l  as r icke l  alloys R-27, R-235, 
Hast.elloy I?, Hastelloy X-280, and Sr-coxlel 625. 

The E7 loop specimen h u g e r  assembly was f i t? ted with s ix  iron- 
constantan thermocouples fo r  m n i t o r h g  specimen temperatures 
during GllR Cycle 52. This was the f i rs t  time specimen tempera- 
tures i n  the loop had been mnitored d i rec t ly  during reactor f u l l  
power operation. Results of t h i s  t e s t  indicate tha t  specimen 
temperatares range from 540 F i n  the lowest flux positions t o  
approximately 580 F in the higher flux Fositions. This i s  approxi- 
mately 45 F higher than the l m p  out le t  bulk water t e q e r a t u - e  when 

I 

UNCLASSIFIED 

I 1 0 3 0 5 4  



UNCLASSIFIED 

the reactor is  operating a t  f u l l  power. 
be t te r  thermal his tory of specimena i r radiated in this loop 
w i l l  be obtained. 

Fromtheae resu l t s  a 

Slow bend t e s t s  on notched Zircaloy-2 beams were p e r f o m d  a t  
several temperatures. 
cold worked sheet stock and had the following dimensions: 
gross beam depth - 0.70 inch; width - 0.46 inch; length - 6.0 
inch; notch depth - 0.245 inch; root radius - 0.002 inch; and a 
flank angle of 45 degrees. Specimens fabricated from both the 
transverse and longitudinal directions w i t h  respect t o  rol l ing 
were tested in four-point bending. 

The Zr-2 beams were fabricated from 235 

The specimens were fatigued in a half cycle cantilever manner t o  
produce a dead sharp fatigue crack approximately 0.06 inch deep 
in 5000 t o  7000 cycles. The fatigue crack, which extended inward 
from the notch root, was delineated by heat t i n t ing  the en t i re  
specimen t o  a straw or l igh t  blue color. The tes t ing was carried 
out a t  various temperature intervals from boiling l iquid nitrogen 
t o  room temperature. The various temperatures were achieved by 
insulating the mid-section of the specimen, immersing the specimen 
in l iquid nitrogen, and then l e t t i n g  it warm t o  the appropriate 
temperature fo r  testing. The temperature a t  f racture  was used in 
a l l  cases. Iron-constantan thermocouples imbedded a t  the notch 
exit corner was chosen as the correct spot fo r  imbedding the 
thermocouple head because two surfaces f ree  f romtract ion meet a t  
an angle of 112.5 degrees a t  t h i s  point. A minimum disturbance 
in the remaining s t r e s s  f i e ld  of the beam occurs when a shallow 
(- 0.0625 inch deep) hole is dr i l l ed  a t  the notch e x i t  corner. 

A dead sharp crack was used t o  most closely simulate crack propa- 
gation requirements rather than crack in i t i a t ion  requirements. 
The two d i f f e r  in t ha t  the f o m r  is the energy requirement t o  
cause an imrement of crack area t o  be formed in front of a run- 
ning crack. The crack in i t i a t ion  energy requirements must fulfill 
the  conditions f o r  the formation of a crack from intersecting s l i p  
planes, s l i p  planes and grain boundaries, included foreign matter, 
etc.  The crack in i t i a t ion  requirements are  much greater than pro- 
pagation requirements. 
than enough energy is available t o  cause propagation. In these 
studies, however, the question i s  not, w i l l  a crack form. 
once a crack has formed and propagated a short distance, is  the 
material of such a nature tha t  the excess energy w i l l  be absorbed 
by p las t ic  deformation and the crack stopped before serious fa i lure  
t o  a structure has occurred. The dead sharp fatigue crack approxi- 
mates a running natural  crack more closely than does a machined 
notch. 

As a resul t ,  once a crack is formed more 

Rather, 
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It was  fourd that both the rol l ing and transverse directions 
undergo a sharp t rans i t ion  i n  fracturing mcde and behavior 
between -30 C t o  -85C f o r  the s ize  specimen and cold work used. 
From room temperature down t o  -60 C the f racture  occurs i n  a 
duct i le  manner by fibrous tearing. m y  of the specimens tes ted 
a t  room temperature d id  not fracture rapidly but f a i l ed  en t i re ly  
by slow crack propagation. 
deformation could be seen on the fracture  surface. Also clear ly  
defized on the  surface were many p i t s  indicative of void forma- 
t i on  p r i c r  t o  separaticn. 
i s  quite different .  No grass defcnoa+,ioa cccurred and the shear- 
l i p s  w%re cear ly  nonexis$ent occupjring only two t.0 f ive  percent 
of %he surface area. The fracture surface was f la t  w i t h  a 
crystal l ine appearance i n d i c a t i q  f a i i z r e  i~ a b r i t t l e  manner. 

Large shear lip a d  severe gross 

Below -80 C the fracturing behavior 

Nominal s t r e s s  calculations were made utilizixig simple e l a s t i c  
beam theory and the cef beam depth. 
a t  *he base cf the fatigue crack above the t rans i t ion  temperature 
was f o u d  t o  be approximately 1?0,000 p s i  and 180,000 p s i  fo r  the 
t ramverse and ro l l ing  directicn,  respectively, 
t rans i t ion  the nominal s t ress  values f e l l  t o  95,000 pi and 
100,OCO psi f o r  the transverse and r c l l h g  directions,  respectively. 
Also9 below the t ransi t ior .  the ncrrir,al st.ress varied l inear ly  w i t h  
temgerature w i t h  values of 79,000 p s i  aad 86;ooo p s i  f o r  the trans- 
verse and ro l l ing  directions,  respect.ively, a t  -196 C (bciling 
l iquid nitrogen). 

The naximum cominal s t r e s s  

Just  below the 

Cr i t ica l  e l a s t i c  energy release ra te  cr Gc values were found t o  
be quite lcw at  -196 C9 84 in-lb/in2 f o r  the transverse direction 
and 102 in-lb/in2 f c r  Yne ro1lir;g direction. “Plas t ic  bend angle 
measurements indicat.e9 tha t  the Gc values become obscured by gross 
deformation at  a temperatue cf -80 C fcr bcth the transverse and 
rol l ing direc+,ions. The p l a s t i c  berid acgle i s  det.ermirred from the 
deflection increment which deviates from ?.he l i nea r  portion of the 
lcad-deflection cuzve. 
essent ia l ly  zero but increases rapidly above -80 C with increasing 
temperature. 
ceases t o  ex i s t  below -80 C and the t r a n s i t i c c  from duct i le  t o  
b r i t t l e  behavior is  essent ia l ly  ccqls t ,e .  

Belcw -89 C t.he p l a s t i c  bend angle i s  

This is  conclusive evldence that  grcccs deformation 

Reactors f o r  space auxi l iary power appiicatiolls cperate a t  tenipera- 
tures  too high f o r  comon high temperature alloys. 
metals must therefore be used i n  these applications. 
s i rab le  t.0 learn what e f fec t  i r rad ia t icn  and reactor environment 
have q m  the  prcperties cf these refractory alloys.  
rod stock of columbium, columbium-l w/o zirconium, tantalum, 

Refractory 
It is  de- 

Sheet znd 

I 
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tantalum-10 w/o tungsten, and TZM materials a re  presently on s i t e .  
Dura the past  manth the i n i t i a l  design of a l iqu id  metal convec- 
t i o n  loop capsule was completed. 
round tens i le  specimens. 
operate i n i t i a l l y  at a temperature of 1300 F i n  l iqu id  potassium. 
A prototype of the capsule i s  being designed i n  order t ha t  flow 
ra t e s  and heat t ransfer  character is t ics  of the capsule may be 
studied. 
in helium-filled capsules a t  temperatures t o  1400 F. 

This capsule w i l l  contain 21 
It i s  estimated t h a t  these specimens w i l l  

I n  addition, specimens of these al loys w i l l  be i r radiated 

Damage Mechanisms. 
the nature of the interaction between defects present pr ior  t o  
i r rad ia t ion  and those produced during i r rad ia t ion  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 pur i ty  iron and i ts  low carbon 
and nitrogen alloys. 

The objective of t h i s  program is t o  es tabl ish 

The investigation 

Hardness recovery curves and photomicrographs of cold worked Fer- 
rovac ' % I 1  and zone refined iron show two s t r ik ing  differences i n  
behavior. The zone refined i ron recrystal l izes  without hardness 
recovery and no grain growth w a s  observed below 850 C, while Fer- 
rovac "E" shows a large recovery peak upon recrystal l izat ion and 
accelerated grain growth above 650 C. 

Tensile tes t ing  of Ferrovac '%It, zone refined Ferrovac "E", and 
MRC zone refioed iron has revealed marked differences i n  the 
yielding behavior. 
point followed by an instantaneous drop i n  s t r e s s  of 18,000 ps i  
t o  t h e  lower yield s t r e s s  and then a region of dde r s  strain. 
The zone refined irons showed pre-yield microstrain before a 
broad rounded upper yield point followed by a slow drop i n  s t sess  
of 50-700 ps i  t o  the lower yield point and then a region of Luders 
s t ra in .  The pre-yield microstrain icdicates  some dislocations are  
mobile before unpinning fromthe atmosphere takes place a t  the upper 
yield stress. However, Interrupted t ens i l e  t e s t s  with aging a t  
220 C f o r  one hour show a reproducible yield drop in both the 
Luders s t r a i n  region and i n  the flow curve region indicating a t  
least some atmosphere pinning. 
c lass ica l  behavior as formulated from studies of lower puri ty  
materials and presen;s an interest ing problem in explaining the 
propagation of the Luders band with such small yield drops. 

Ferrovac "E" exhibited a sharp upper yield 

This behavior d i f f e r s  f romthe 

Foi l s  of high pur i ty  iron, received f romthe  Johnscn-Matthey Co., 
have been i r radiated t o  3 x 1018 and 1 x 1019 nvt ( fas t ) .  
f o i l s  w i l l  be stored u n t i l  excess radioact ivi ty  has decayed. One 

These 
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disk has been submitted f o r  radiochemical analysis t o  ident i fy  
t race  impurities present in the metal. 

Wrcaloy Corrosion and Hydriding. 
effect  of Zr-2 work history on the f rac t ioca l  pickup of theoreti-  
c a l  corrosion hydrogen out-of-reactor w a s  continued during the 
report period. 
cf cold work and cut f romthe same pla te  stock as used f o r  the 
previcusly reported in-reactor tests and accelerated out-of- 
reactor t e s t s  i n  425 C steam were exposed t o  steam a t  400 C and 
1500 psig i n  a refreshed autoclave f o r  42 days. As i n  the e a r l i e r  
t e s t ,  some of the specimens entered the aGtoclave w i t h  an i n i t i a l  
oxide film equivalent t o  about 11 mg/dm2, while others were in the 
as-etched condition. 
were in the neighborhood of 45 q/&. 

Hydrogen pickup fract ions f o r  the precoated specimens were - 125 
f o r  both temperatures as were those f o r  the as-etched material a t  
400 C. Hydrogen pickup fract ion f o r  as-etched material a t  425 C 
was higher, about 23$. 
history were observed. 

Hydrogen’*analysis f o r  i r radiated Zr-2 specimens, quadrants 63 and 
64, continue t o  show reduced pickup fcr material representing 
about 1 6  cold work. However, the differences are  much l e s s  than 
shown previously f o r  coupons irradiated a t  lower levels  of f lux 
in tens i ty  and integrated flux. Instead of differences epproxi- 
mating a factor  of two, the current data show a range from negli- 
gible  reductio& t o  about 25$. As with the e a r l i e r  data, compari- 
son of fractiolial  pickup resu l t s  fcr individual coupons show 
Considerable variation. 

An investigation of t h e  

Duplicate specimens representkg the same levels  

Forty-two-day weight gains of a l l  coupons 

No s ignif icant  trends with metal work 

The poss ib i l i ty  t h a t  crystallographic orientation i n  Zr-2 may con- 
t r i bu te  t o  observed variations i n  f rac t iona l  pickup of corrosion 
hydrogen-in-reactor was explored t o  a limited extent by the x-ray 
diffract ion technique using a pole figure goniometer. 
pole figures were constructed from ref lec t icn  count-rate data f o r  
program pla te  material representing annealed and lo$ cold work 
conditions. Annealed material from p la t e  stock 6515 shows a high 
in tens i ty  of preferred orientation w i t h  the basal plane pa ra l l e l  
t o  the  ro l l ing  plane. 
noticeable reduction of in tens i ty  of orientation in t h i s  mode. 
Comparative orientation data are being collected f o r  the  remaining 
plate material and other levels of cold work. 

Basal-plme 

For lO$ cold worked material there  was a 
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Super Alloy Corrosion i n  High Temperature Helium. Oxidation 
tests of Hastelloy X, a heat res is tant  nickel base alloy, in  
laboratory a i r  and pure oxygen have been made a t  1000 C on as- 
received and abraded sheet specimens. 
nor surface preparation have shown a significant effect  on the 
oxidation rates  of Hastelloy X. 
t e s t s  deviate no more than 15% from one another i n  the 48-hour 
duration period of the tes t s .  

Neither oxidant pressure 

Weight gain curves fo r  a l l  

Irradiation Damage t o  Inconel. 
Inconel pressure tube fromthe helium cooled DR-1 Gas LOOD was 

The remaining portion of the 

removed. 
en t i re  loop assembly, the tube had broken i n  ha l f .  A 10-foot 
long portion could not be removed u n t i l  special  equipment was 
fabricated. 
f l u  and operating t eqe ra tu res  up t o  1150 F. Metallographic 
examination w i l l  be done on several sections f romth i s  portion 
of the tube i n  order t o  determine i f  further tes t ing  is  warranted. 

When the f i r s t  attempt w a s  made i n  1962 t o  re&e the 

This length of tubing has seen the highest neutron 

Irradiation Damage t o  Stainless Steel. 
316 SS inner l i n e r  of the helium cooled DR-1 Gas LOOD were examined. 

Metallography samples from 

Samples from the high flux-high temperature region (i000-1200 F)  
showed a large amount of second phase precipi ta te  a t  the grain 
boundaries. Samples from the lower temperature (800-1000 F)  no- 
f lux region were f ree  f romthis  second phase. 

Compatibility of Hot Calcium Metal with Structural  Materials. Hot 
calcium metal i n  particulate form i s  a highly reactive agent used 
in the purification of iner t  gases, Mild s t e e l  pipe is frequently 
used t o  contain the calcium bed, but it kas obvious l imitations as 
a s t ructural  material a t  the commonly employed temperature of 650 C, 
especially i n  a pressurized system. 

m e e  materials were considered as  candidate s t ruc tura l  materials 
f o r  calcium bed containment: 
stainless s tee l .  
t ies  a t  elevated temperature which are much superior t o  mild s tee l .  

Haynes 25, Hastelloy X, and 302 
All of these have strength and corrosion proper- 

Dcrplicate disks of sheet stock of each material were placed in a 304 
stainless s t e e l  tube, alternating w i t h  layers of calcium metal par- 
t i c l e s .  
pressed together by means of screws i n  e i the r  end of the assembly. 
The system was then encapsulated under conditions of high vacuum 
and held a t  650 C f o r  14  days. 

After assembly, the calcium and the metal samples were 

I 1 0 3 0 5 9  

UNCLASSIFIED 



The samples of 302 s ta inless  s t ee l  and Hayr.es 25 shmed neither 
deterioration or lack of duc t i l i ty  a f t e r  the t e s t .  
samples showed a marked loss 02 duc t i l i t y  over the as-received 
sheet. The resistance of the 302 s ta inless  s t ee l  to the calcium 
m e t a l  implies that  austenit ic s ta inless  s tee ls  of simple composi- 
tion would be useful s t ructural  materials i n  contact with hot 
calcium. For pressurized systems where high terupera+,ure strength 
is an important consideraticn, Haynes 25 would be an appropriate 
choice. 

The Hastelloy X 

Gas Loop"Deve1opment. 
s teels ,  and TD nickel i n  unusual combications are being devised 
fo r  ccnstructicn of the model ATR high temperature gas loop a t  
Hanford. 
and construction of the ATR at, Idaho Falls.  

Methods of joinixig superalloys, s ta inless  

The techtology developed w i l l  a l s o  serve i n  the design 

Hastelloy X and C 2  Hayces Alloy 25, ar,d AISI stainless  s tee ls  316 
an3 347 have been butt  welded b pipe form t o  themselves and t o  
each other by the tungsten-electrodc, k e n - g a s  process. As re- 
ported previously, a l l  welds were sound as  judged by visual, radio- 
graphic and macrostructure exsmir,ation and fluorescer& penetrant 
tesficg.  

Weld joint  duc t i l i t y  a t  rocmtemperature has been determined by bend 
t e s t s .  S a q l e s  were prepared, tested,  a ~ l l  jQdged i n  accordance w i t h  
Sectian IX of the ASME Boiler and Pressure Vessel Ccde. 
the t e s t  consisted of bending s tz ips  of the but t  welded pipe through 
180 degrees. 
of each type of weld was Iridividually tested." To qualify under 
code, 03 cracks greater than 1 / 8 - m h  in  any dimension are permitted 
i n  the weld or weld zoLe. 

d.. 

Essentially, 

The bend was cf *-inch radius and the face and root 

Weld jo in ts  of Hastelloy X 
each other, a d  t o  316 and 347 passed the bead t e s t .  
similar weld joint  between 316 axid 347 a l so  proved t o  be ductile. 
However, approximately half of the welds of Hastelloy C t o  Has- 
t e l loy  C, Haynes Alloy 25, and ssainless s t ee l  316 fa i led  the bend 
test. Hastellcry C welded t o  AISI.stainless s t ee l  347 vas ductile. 

Hayries Alloy 25 t o  themselves, t o  
The dis- 

The roam temperature weld j c b t  efficiency is being determined by 
tens i le  t e s t k g .  Althcugh t es t ing  is nct c o q l e t e ,  a pattern has 
been established. 
other or  t o  AISI stainless  s tee ls  316 and 347 generally have a lOC$ 
joint efficiency. 
wire. 
i s  high, but it i s  l e s s  than lo@. 

Dissimilar  joints of the superalloys t o  each 

All these welds were made with Hastelloy W f i l l e r  
The weld efficiency of the superalloys welded t o  themselves 

F i l l e r  netal  in t h i s  case i s  of 
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the same composition as the base metals. The weld efficiency 
of the AIS1 316 t o  347 with 316 L f i l l e r  metal is l e s s  than lo@. 

Elevated temperature joint  efficiency of welds involving only 
superalloys are being determined by s t ress  rupture tes t s .  An 
ini t ia l  t e s t  of Hastelloy X welded t o  Haynes Alloy 25 was con- 
ducted a t  1800 F in a helium atmosphere. Rupture occurred i n  
the Hastelloy X away from the heat affected zone thus demnstra- 
t i n g  a lOC$ weld joint  efficiency. The elongation was about 65, 
occurring almost exclusively i n  the Hastelloy X portion of the 
specimen. 
apparently was considerably greater than tha t  indicated i n  pub- 
l ished data, i . e . ,  3600 ps i  fo r  rupture i n  LOO hours a t  1800 F. 
In  t h i s  t e s t  rupture was produced a f t e r  the following s t ress-  
time sequence: 3600 p s i  fo r  166 hours, 5200 p s i  fo r  100 hours; 
8000 ps i  for  22 hours. No explanation has been found f o r  the 
apparent high strength of the metal. A stress-rupture specimen 
of Hastelloy X welded t o  Hastelloy X is  now i n  t e s t .  

The environment of model loop piping w i l l  include thermal cycling 
between room and elevated temperatures. 
of the superalloys and s ta inless  s t ee l s  are being thermal cycled 
t o  detect any tendency f o r  the weld joints  or heat affected zones 
t o  crack. After 20 cycles between room temperature and 2000 F, 
the welds involving only superalloys exhibited no cracking as 
judged by visual and fluorescent penetrant inspection. 
cycles between room temperature and 1400 F, the welds involving 
s ta inless  s tee ls  exhibited no cracks. 

The s t r e s s  necessaryto rupture the Hastelloy X 

Butt welded pipe sections 

After 20 

The microstrxture  of the superalloy base metals and welds has 
been examined by opt ical  microscopy a t  magnifications up t o  750X. 
The superalloy pipes were i n  the solution heat treated condition 
when welded. 
ment of these alloys a t  a high temperature fo r  a short time fol-  
lowed by an a i r  quench resul ts  i n  the presence of precipitates.  
Examination showed the Hastelloy C with considerable precipitation 
In the  matrix, the  Hastelloy X with l e s s  and the  Haynes Alloy 25 
vith the  leas t .  
and m a r  precipi ta tes  are mainly carbides of the &3C6 and M6C 
type where M represents carbide forming elements such as chromium, 
molybdenum and tungsten. Precipitation a t  the grain boundary of 
the  three superalloys was apparent a t  750X while not apparent a t  
1OOX. Same sources credi t  t h i s  type of precipitation with enhanc- 
ing high temperature strength properties while other sources f ee l  
t ha t  it degrades the strength properties. 

Actually, the normal commercial solution heat t rea t -  

According t o  published l i t e ra ture ,  both the nodular 

UNCLASSIFIED 



UNCLASSIFIZD A- 48 HW-nO46 

The heat affected zozes of the  superalloys as determined by 
grain s t ructure  and micro-constituents were only 10 mils thick. 
Within these zones there was a limited amount of grain coar- 
sening and some sclu+,ion and incipient melting of the second 
phase constituents during welding. 
the stainless steels appeared to be about twice as thick,  or  
20 mils. There was some grain coarsening and vha% l i t t l e  pre- 
c ip i t a t e  was Fresect apparexitly tended t o  go in to  solution and 
t o  undergo some incipient melting. 

The heat affected zone of 

The fused zone of a l l  welds contained second phase precipi ta tes  
in dendritic and acicular form. 

mere  is l i t t l e  irAformation or. the  change of high temperature 
s t r e q t h  properties of 5hese three superalloys and par t icu lar ly  
the i r  welds w i t h  l m g  exposures a t  high temperatares. Micro- 
graphs of Hasteiloy X exposed f o r  10,000 hours at 1750 F are  
available i n  the l i t e r a tu re .  
carbide both i n  the matrix md a t  the grairr boundaries. 
graphs of Haynes Alloy 25 aged a t  1800 F f o r  times up t o  eight 
hours show th is  sane tendency. 
cipitate%-strongly ir-fluefices the high t e q e r a t u r e  strength 
prsperties, a change ir, properties w o u l d  be eqec ted  with loog 
time exposues - a t h e m 1  conditicn of the m4el loop. There- 
fore, superallcy weld s q l e s  fc?r betd, ters i le ,  s t r e s s  rupture 
and metallograFhic examiuatjx are being grepared f o r  locg t i m e  
exposure a t  t eqe ra tu res  in the rarige of 1700 t o  2CGO F. 

These show an ggglomeration of t he  
Micro- 

Since the  disgosition of the pre- 

Two general type t e s t  sectior: designs f o r  tne~model high tempera- 
ture gas loop were evalilated during the mcnth by sccpe heat, trans- 
f e r  calculatiors.  
sure tubes oa t he  outside wi th  concentric tubes tilld gas annuli 
inside, the  only difference between the t w o  being the rmnber of 
layers. -- 

3oTh cases inirestigated u t i l i zed  dou%le pres- 

General results show that since the  heat renova1 capacit.y of the  
helium coolant stream i s  limited, much cf the szecimen heat must 
be removed thrcugh the tes t  seckisn walls i n t o  the surrcundixlg 
water coolant. 

(1) The volume o r  density cf materials used f o r  t he  t e s t  

This requirement mkes the followicg necessary: 

specimens and specinen holder assemblies shculd be 
minimized t o  p e d t  t h e  helium ccolant stream t o  remove 
as much of the specimen heat as possible. 

1 1 0 3 0 b 2  
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(2) No stagnant gas annuli can be allowed. Therefore, 
e i ther  the double pressure tubes should be eliminated 
or  some means provided t o  insure adequate heat trans- 
f e r  from the inner tube t o  the water surrounded outer 
tube. 

Neutron Dosimtry and Radiation Effects. Analyses of the space- 
energy distribution of neutrons which cause damage in st ructural  
materials are i n  progress f o r  several reactors where t e s t  ir- 
radiations are made on these materials or where the materials w i l l  
be used i n  service. 
p re t  flux-monitor activation data and t o  correlate exposure be- 
tween dissimilar i r radiat ion faci l i t ies . ,  

These calculations provide a mans t o  inter-  , 

One analysis i s  tha t  of the northwest quadrant cf the Ebgineering 
Test Reactor. This quadrant includes the Hanford hot-water loop, 
which is  used fo r  i r radiat ion of reactor metals, and several 
graphite i r radiat ion f a c i l i t i e s .  

The analysis was made using the 2DXY Transport-theory Code w i t h  18 
energy groups, 16 of which are above 0.183 MeV. 
19 x 19 array was used with one-inch intervals.  
were obtained a t  each energy l eve l . -  Results f o r  several positions 
i n  the water loop show tha t  variations i n  exposure occur over a 
small distance and demonstrate the need fo r  t h i s  type of analysis. 
The average cross-section values fo r  the N i - 5 8  (n, p )  CO-58 and 
Fe-54 (n, p)  Mu-54 reactions do not vary over about lo$; however, 
the flux intensi ty  computation showed a factor  of three. Thus, i n  
such a f ac i l i t y ,  there is a serious d i f f icu l ty  i n  interpreting ex- 
posure data i f  monitors are a t  one position and specimens a t  another 
even though the intervening distance i s  small. 

Spatially, a 
Thus, 361 solutions 

. 

6. Gas-Cooled Reactor Studies 

EGCR Graphite Irradiation. The experiments i n  the ser ies  of long- 
term irradiations of EBCR graphite a re  proceeding successfully. 
The f i f t h  capsule i n  the series,  H-3-5, completed the fourth cycle 
of i r radiat ion sa t i s fac tor i ly  and was removed fromthe GEZR on 
February 26, 1963. 
exposure. me maximum exposure received by samples which have been 
i r radiated in a l l  f i ve  H-3 ser ies  capsules i s  estimated t o  be 
1.4 x 1G2 nvt, E > 0.18 Mev or  apprcximately 90,000 MWD/AT equiva- 
l en t  ECCR exposure. 

The samples received 84.1 effective days of 

Upon disassemblythe H-3-5 capsule was found t o  be i n  excellent 
condition. All samples were recovered intact ,  returned t o  HAPO, 
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and measurements are  currently under way on them. All  flux 
monitors were recovered fromthe capsule and are  being returned. 
The typical  small amount of carbon deposit was found on the 
lower par t  of the inner wall of the aluminum she l l .  Thermo- 
couple number 3, which f a i l ed  during the l a s t  cycle cf ir- 
radiation, was inspected and a break was found i n  one of the 
wires a t  the  r ight  angle bend where the thermocouple enters 
the sample. 

Construction has begun on the s ix th  capsule of the ser ies ,  H-3-6. 
A design modification i s  under way i n  an attempt t o  lower the 
i r rad ia t ion  temperature of the two bottom sample positions. 
Since these two positions are i n  the higher flux region of the  
capsule, higher exposures can be at ta ined in  a shorter period of 
elapsed time. Thus, information on graphite contraction a t  the 
temperatures of par t icu lar  in te res t  i n  the EGCR can be attained 
more rapidly. Heat t ransfer  calculations t o  a id  making the neces- 
sary design changes are i n  progress on the 7090 computer. 
H-3-6 capsule is t o  be ins ta l led  i n  the GETR during the f irst  week 
of April. 

The 

Effect of Additives oc Dimensional S tab i l i ty .  
with additives by Speer Carbon Company under Contract DDR-118 have 

Graphites prepared 
- -  

been discharged a f t e r  a second exposure a t  600 t o  650 C i n  a 
Hanford hot t e s t  hole. 
4200 IMD/ATK f o r  transverse samples of the 17 additive systems 
were i n  every case equal t o  or l e s s  than tne 0.005$ per 1000 MHD/ATK 
observed f o r  the transverse control which contained no additive. 
Significant reduction of contraction r a t e  was observed i n  the fo l -  
lowing samples. 

The rates  of contraction between 1745 and 

Additive Contraction Rate, 
(1 w/o or iginal  mix) $/io00 W/ATK 

-?!I 

-304 0.0004 

C r C  3 . 6 ~ 2 0  0.001 
a 4 c 3  0.002 

“‘O? 0.0004 

The comparatively l a w  contraction r a t e s  f o r  a l l  samples re f lec t  the 
t rans i t ion  from growth through nonlinear contraction t o  l inear  con- 
t ract ion,  which occurs during the exposure in te rva l  i n  which data 
were obtained. Comparison of ra tes  at t h i s  point should be indica- 
t i v e  of the  relative ra tes  f o r  linear contraction a t  higher exposures; 
however, it i s  expected tha t  the ultimate l i nea r  r a t e s  w i l l  be higher 
than those d e t e m e d  above. I r radiat ion of these samples w i l l  be 

I 
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continued and samples from Contract DDR-136 w i l l  a lso be charged. 
The l a t t e r  w i l l  provide information on additive e f fec ts  i n  
graphites which are  of in te res t  in applications requiring high 
strength or impermeability but which have the disadvantage of 
high contraction rates .  

Graphite Compression Test. 
t e s t  boats and measurement of the samples have be.en completed. 
An increase in difference between the length changes of the . 

stressed and unstressed sanples was noted. 
ference, which was l e s s  than tha t  occurring during the first ir- 
radiation period, is  similar t o  tha t  observed f o r  the samples 
under 150 p s i  compressive s t ress .  

Mscharge of the 300 ps i  compression- 

This increase i n  d i f -  

The f ive  150 ps i  boats have been recharged 19 2C t e s t  hole a t  KW- 
Reactor for additional eqosure.  

The para l le l  NC-8 graphite samples irradiated under 100 p s i  t ens i le  
s t r e s s  have been measured and are  ready fo r  recharging during the 
next reactor shutdown. 
while the u s t r e s s e d  samples decreased in lengtn during the first 
i r radiat ion period of about 940 W / A T K  a t  650 C. 

The stressed s q l e s  increased i n  lexigth 

Graphite-Water Vapor ReactioE Ucder Camma Irradiation. 
of the rate  of oxidation of grarhite by small p a r t i a l  pressures of 
water vapor i n  the CO-60 gamma f a c i l i t y  have continued. 
graphite sample weighing approximately 8 grams i s  currently being 
employed. 
rate of 0.5 cu f t /hr ,  oxidation ra tes  obtained a t  a dose r a t e  of 
3.04 x lo6 r/hr were about 2.2 x 10-6 hr - l  and were irideperdent of 
water vapor concentration (200-6000 ppm) and temperature. 

Measurements 

A TSX 

A t  sample teqerat .ures  of 600 or 680 C and a helium f low 

A comparison of the present data w i t h  those obtained 

indicates that  the oxidation ra te  i s  approximately proportior,al t o  
t h e  dose rate.  

reviously fo r  
TSX graphite but a t  a loxer dose rate ,  about 8.1 x 10 F roentgens/hr, 

lhhibit ian of Graphite Oxidation. 
oxygen presents a temperature l imitation WI air-cooled reactcrs,  
and a gas-purity l imitation on reactors cooled by i n e r t  gas. More-. 
over, accidest.al b g r e s s  of a i r ,  such as has been considered i n  the 
EGCR and HTGR hazards studies, could have serious consequences. 
The importance of controlling oxidation o r  extinguishing combustion 
once it has s tar ted has prompted studies of the kicet ics  and 
mechanism GI" gas phase i rkibi tors .  

The oxidation of graphite by 
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Recent resu l t s  on inhibit ion t e s t s  with dichlorodifluoromethane 
(CFzCl2) and CF4 were reviewed and fur ther  t e s t s  have been con- 
ducted. Modifications of the  equipment, especially the use of 
a recording balance, provided more accurate resul ts .  
graphite oxidizes i n  a i r  the r a t e  of weight loss gradually in- 
creases t o  a constant value a f t e r  a few hours. With the addi- 
t ion  of 0.5% CF2C12 t o  the air ,  the reaction is mcre complex. 
With the same sample s ize  and gas flow rate ,  there  i s - a n  i n i t i a l  
rapid weight loss as much as three times fa s t e r  than the equili-  
brium rate i n  air, but the r a t e  continuously decreases u n t i l  i n  
several hours the r a t e  i s  one-third l e s s  tnan the equilibrium 
ra te  in air. After a sample has been pa r t i a l ly  oxidized i n  air 
a t d  CF2C12 a change t o  a i r  alone w i l l  give a prompt increase i n  
ra te  

When 

Previous resul ts  on the effectiveness of chlorine can be used as  
a basis f o r  evaluating inhibitors.  
compound decomposing t o  give unit  concentration of chlorine 
Ehould be squally effect ive as the chlorine added direct ly .  
Direct inhibit ion and ef fec ts  of other pyrolysis products would 
natural ly  give differ ing resul ts .  In the present t e s t  a t  600 C, 
it w a s  fourid that  O.S$ CF2C12 i n  a i r  w a s  about twice as effective 
as C12 i s ' inh ib i t ing  the steady-state oxidation r a t e  of EGCR 
graphite. 
for  the inhibit ing e f fec t  of chlorine, f luorice should be a t  
l e a s t  as effective an inhibi tor  since it i s  more strongly adsorbed. 

A u n i t  coccentration of a 

OR the basis of a preferent ia l  absorption mechanism 

The effectiveness of inhibi tors  i n  a radiation f l u  remains t o  be 
teated and f o r  t h i s  reason the possible reactions w i t h  fluorine 
and cther pyrolysis products of halocarbons ar'e of special  impor- 
tance. Just  as radiat icn can Frovide the activation energy f o r  
oxidation a t  low temperature end produce rates  equivalent t o  a 
higher temperature, radiolysis cf an inhibi tor  may generate 
products comparable t o  those frcm pyrolysis a t  elevated temperature 
and ccmplicate the reactions occurring. 

Graphite midatior: Studies. 
mechanism of graphite cxida%ion by carbon dioxide adequately pre- 
d i c t s  the observed ef fec t  found when oxidizing a sample which has 
had an i n i t i a l  outgassing treatment. 

k equation dezived from the accepted 

The nechanism is: 

Cf + c* -j c(0) + co 

c ( 0 )  e c o  + Cf 

(1 1 

(2) 

G 
k3 
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where Cf is the number of unoccupied active s i t e s  and C(0) is  the 
number of active s i t e s  occupied by an oxygen atom. 
number of active s i t e s ,  C*, is  assumed t o  remain constant. 

The fract ion of active s i t e s  tha t  a re  occupied by adosrbed oxygen 
atoms, 8,  is: 

The t o t a l  

The t i m e  dependence of 8 derived from the above equation is: 

8 = @/cy (1 - e-*t (4 

where p = klpco;? 

cy = klPC02 + k2Pco + k3 

and p/cuis the fraction of active s i t e s  t h a t  are  occupied 
a t  steady s ta te .  

I n  the present experiments the oxidation ra te  was determined i n  a 
flowing system where p c ~  remained constant and pco was effectively 

. zero; hence, cy and p were independent of t i m e .  

It has been observed experimentally tha t  a f t e r  a steady s t a t e  con- 
centration of C(0) has been attained the rate  of weight loss i s  
constant, and since the oxidation ra te  i s  proportional t o  0, 

- - n a 8 = ,  dw 32 (1 - .cat ) 
d t  

Integrating (5 )  gives: 

Equation (6) has been tested by oxidizirg a few samples fo r  over 
lo0 hours each in the temperature range from 840 t o  900 C. 
results appear t o  agree with an equation of t h i s  form. 

The 

Under the  more commonly studied steady-state conditions where e-cy 
el, the oxidation rate  determined from ( 5 )  i s  the  same as tha t  
derived from (1) and (2): 
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mechanical cleaning, and sandblasting a l l  f a i l ed  t o  leave the 
thorium surface oxide free.  
used, but the process was tenrperamental and redeposition oc- 
curring during etching often l e f t  the surfaces unusable. 
Finally, cleaning was accomplished by brushing the thorium 
surface at  high speed with a zirconium wire brush. The brush 
cleans the oxide f i lm off and leaves a th in  film of zirconium 
metal on the surface which prevents re-oxidation of the thorium. 
Excellent bonds resulted between the Zircaloy - 5% Be braze and 
the thorium core. Less thorium contamination was found i n  the 
braze when the surfaces were prepared by Zr-wire brushing than 
when the surfaces were cleared by cathodic etching. A l l  the 
brazed elements have been radiographed, machined, electron-beam 
welded, and are being autoclaved ir: preparation f o r  i r radiat ion 
i n  the ETR. 

Cathodic etching w a s  successfully 

Thorium-Uranium Alloy. 
1% Z r  have been double vacuum arc  melted. 

Two 23-pound ingots cf Th - 2% U (normal) - 
This material w i l l  be 

coextruded t o  Zircaloy-2 clad rod stock f o r  visual autoclave defect 
testixig. 

Bctrusion w i l l  be done a t  760 C from the 2t" container t o  0.525" OD 
*th a 16".8 t o  1 reduction ra t io .  
These conditions very nearly match those used on the previously re- 
ported enriched fue l  material of tine same coniposition. 

Clad thickness w i l l  be 0.025". 

Wire Drawing. 
bu i l t  and has been successfully used i n  the drawing of f ine  
(10-mil) high puri ty  i ron wires. 
w a s  made from the drive mechanism of an excess-high pressure auto- 
clave pump. 

A small bench type wire drawing machine has been 

The bul l  block f o r  t h i s  device 

A wire lubricating device has been b u i l t  and attached t o  the draw 
bench. 
temperature lubricants. 
heating vires which have a b r i t t l e  phase a t  ambient temperature. A 
die box with an e lec t r i ca l ly  heated reservoir w i l l  accomodate such 
lubricants as molten salts with and without additions of so l id  
lubricants, l o w  melting oxides and eutect ics  of oxides md some of 
the high temperature o i l s .  It is also planned t o  experiment w i t h  
asphalts and additives a t  various temperatures. 
from such experiments w i l l  benefit a much broader f i e l d  of exotic 
and refractory metal forming than the i n i t i a l  wire drawing. 

Fis device was primarily designed t o  experimnt wi th  high 
However, it a lso  serves the purpose of pre- 

Information gained 

Refractory &tal  Fabrication. 
of thick walled tubular shape have 'been successfd ly  swaged a t  800 C 

Sintered molybdenum powder compacts 



. 
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t o  50-66 reducticn i n  area. 
0.375" w a l l ,  were made by cold compacting the powder i n  rsibber 
molds .followed by hydrogen s in t e r  a t  1600 C f o r  16 hours. 

The s ta r t ing  pieces, 1.5" OD with 

USAEC-AECL Cooperative Program on Development of Heavy Water 
Moderated Power Reactors 
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l9-Rod Boiling Burnout Studies. 
0.050-inch spaced l9-rod bundle which had warts t o  maintain the rod 
spacing have been reduced t o  a usable form. The data were obtained 
w i t h  an e lec t r ica l ly  heated test section made up of 19 Inconel tubes 
each 0.587-inch in diameter and 1% inches long. The spacers or 
warts were made of A1203 about 0.5 inch long, 0.10 inch wide and 
0.050 inch thick. Two se t s  of spacers were used, a s e t  about e 
inches from each end. Each of the heater tubes had a thermocouple 
instal led a t  its downstream end t o  measure an average inside wall 
temperature. 
downstream end t o  provide some measure of the differences i n  local  
coolant temperature. 
section in a horizontal 3.25-inch pressure tube and were done a t  

The boiling burnout data fromthe 

Five thermocouples were instal led between rods a t  the 

The experiments were made with the t e s t  

1200 psig. 

The boiling burnout heat fluxes coincide very closely w i t h  those 
obtained with a t e s t  section ident ical  t o  the one used in these 
tests except with rod spacing maintained w i t h  a 0.050-inch OD wire 
wrapping on a 10-inch pi tch on 12 of the rods. 

The rod temperature data were used t o  calculate heat transfer co- 
e f f ic ien ts  a t  the downstream end of the rod. 
phase heat . t ransfer  coefficient f o r  a l l  d the rods ranged from 
about 1500 B/hr-sq ft/? a t  a mass flow ra te  of 500,000 lb/hr-sq f t .  
These heat t ransfer  coefficients show the dependence on the 0.8 
power of the flow that  is predicted by standard correlations. 

The average l iquid 

The l'iquid phase heat t ransfer  coefficients of individual rods re- 
f l e c t  not only the  temperature drop across the water film on the 
heat t ransfer  surface, but a l so  the elevation o r  depression of the  
water temperature around tha t  rod above or below the bulk water 
temperature. It has not been found possible t o  separate the t rue 
heat t ransfer  coefficient e f fec t  from the loca l  water temperature 
effects .  
t rusfer  coefficient is a good measure of the loca l  heat t ransfer  
coefficient of each rod, a calculation of the average local  water 
temperature around that rod can be made. 
t ha t  the water seen by the inner seven rods increases i n  enthalpy 

However, i f  the assumption is made tha t  the average heat 

Such calculations show 
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from inlet  t o  out le t  about 1.9 times t h a t  of the water seen by 
the outer 12 rods. 
the  flow rate. 

This spread appears t o  be independent of 

The f ive  thermocouples instal led t o  measure loca l  water tem- 
peratures show a much larger  deviation. 
of the hot tes t  channel uas about f ive  times tha t  of the coolest 
channel. 
mixing were assumed and indicates probablythat  the  thermo- 
couple locations uere such tha t  they d id  not provide a good 
average temperature measurement. 

The enthalpy increase 

This i s  a la rger  value than would be predicted i f  no 

The heat t ransfer  coefficients improved s ignif icant ly  when loca l  
boiling started. 
loca l  boil ing and reached values 5 t c  10 times the  l iquid phase 
heat t ransfer  coefficients when bulk boilir,g conditions existed. 

The bprovemerit cootinued w i t h  increasing 

Two-Phase Pressure Drop Studies. 
t iga t ing  two-phase pressure drops i n  standard pipe f i t t i n g s  was 
started.  The eqeriments included use of 2-inch s t ra ight  pipe, 
a'branch Tee, a 3-inch radius e l l ,  a 3x2-inch reduction, a 3x2- 
inch expansion,, and a gate valve. 
4,000,000 lb/hr in a 2-inch pipe and qual i t ies  up t o  about 25% 
were covered a t  a pressure of 1200 p i a .  The program is about 
one-third completed and w i l l  continue t o  cover other pipe f i t t i n g s  
and a feu  studies a t  other pressures. Approximately 1990 data 
points have been obtained t o  date. 

An experinental program inves- 

Flows from 5OO,OOO t o  

Analysis of the  data has not been s tar ted.  However, the raw data 
show that the two-phase pressure drop of most 'components i s  about 
66 of tha t  predicted by the Martinelli-Nelson correlation. 
3-R elbow had a two-phase-to-liquid phase pressure drop r a t i o  
about 255 larger  than t h a t  of s t ra ight  pipe. 
pansion had a tuo-phase-to-liquid phase pressure drop r a t i o  about 
two-thirds tha t  of straight pipe. 
the  pressure increase t.hat would be expected f romthe  change in 

The 

The 3x2-inch ex- 

The 2x3-inch eqansion showed 

velocity. 

Dome Seal Type Closure. The retaining lugs on the  dome sea l  were 
placed and the  assembly reinstal led i n  the  test  loop f o r  pressure 
and temperahre cycles with disassembly-assembly of t he  sea l  between 
each cycle. 

After five cycles the  flattenirig deformation a t  the  dome center 
was 0.076 inch. After eight cycles the center dome defomation 
was 0.135. Also, during the  2 hours acd 50 minutes the eighth 
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cycle required, one cc of leakage w a s  collected. 
only leakage observed during the en t i re  dome seal  t e s t  t o  date. 
The disassembly torque fo r  these eight t e s t s  was  between 75 f t - l b  
and 30 f t - lb ,  and the force required t o  remove the assembly 
averaged about 400 lb.  

This was the 

Testing has been halted pending a recheck of calculations. 
original calculations indicated s t r e s s  values below yield. 

The 

11. Advanced Reactor Concept Studies 

Fast Supercritical Pressure Power Reactor. 
fusion theory calculations were completed t o  investigate power 
dis t r ibut ion i n  the present core design. 
of the two moderating regions within the core could be removed and 
placed i n  the radial  blanket. 
provement in both puwer dis t r ibut ion and enrichment as  well as a 
negative coolant void coefficient. 
fue l  cycle, redistribution of enrichment t o  f l a t t e n  the radial  
dis t r ibut ion was also investigated. 

F+urther 18-group dif-  

It was found that  one 

This resulted i n  a significant im- 

In anticipation of a batch- 

Radial dimensions of a near f i n a l  core design are  as  follows: 

Inner Core 42.6 cm 

Flux Trap 
Depleted U 50.6 
ZrHx Moderator 53.6 
Depleted U 61.6 

Outer Core 88.0 

Blanket 
Depleted U 

Depleted U 
a*, 

92.0 
95.0 

125.0 

The c r i t i c a l  mass f o r  t h i s  core design was calculated t o  be near 
1350 kg fissionable plutoniuni f o r  a 5 - f O O t  core length. The re- 
ac t iv i ty  loss on t o t a l  coolant voiding was 14 A k/k and voiding 
of each core region independently was a l so  found t o  resul t  in a 
react lvl ty  loss. The i n i t i a l  conversion ra t io ,  not including the 
ax ia l  blanket was calculated t o  be about 1.6. 
power dis t r ibut ion i s  characterized by a peak t o  average value of 
2.0. 

The radial  core 
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The ef fec t  of bu rup  cn the  react.ivity, power dis t r ibut ion,  and 
coolant coefficients I s  next t o  be examined. 
is some difficult .y with the manner in which the HFN code nor- 
malizes the  pover density t o  wit length. 
burnup ef fec ts  will proceed when t h i s  d i f f i cu l ty  is resolved. 

A t  Fresent there 

Calculations on the 

The preliminary run of the simplified version of the Fast Super- 
c r i t i c a l  Pressure Power Reactor core with the transport theory 
code Program S (11th Revision), using an 18-group cross-section 
set unccrrected fo r  U-238 self-shielding has been completed. 
code converged t o  within O.Ol$ A k/k of the  f i s s ion  eigenvalue 
a f t e r  69 i te ra t ions  using a first-order-perturbatioc-theory con- 
vergence acceleration of dual adjoint-and-flux f i e l d  axid verified 
by a free-run of 12 more i te ra t ions ,  The f i ss ion  eigenvalue f o r  
t h i s  case, predicted by transport theory, was  3.8$ A k/k higher 
than that  predicted by diffusion theory (mi) f o r  the same case, 
ra ther  than 2s 3 k/k lower a s  estimated i n  tne February monthly 
report. 
p r io r  t o  convergexxe after only 15 i t e ra t ions .  The large rrumber 
of i t e ra t ions  revaired t o  obtain the above-mentioned convergence 
and the  deviaticn between t h e  transport theory and diffusion 
theory f i s s ion  eigenvalue predicticns appear t o  be due t o  the non- 
ideal mesh-spscing (memry limi2ation) i n  the transpcrt  theory 
calculation. 
as a system of two loosely coupled reactors is a l so  increased by 
the  nonideal mesh spacing. 
with Program S has been s ta r ted  on the present FSFFR core con- 
figuration u s h g  the  18-group cross-secticn set corrected f o r  
U-238 self-shielding and a more idea l  mesh sp5cing. 

The 

The previous estimate w a s  based on an extrapolation 

The edverse effecz of the t.wo core regions acting 

A secozd transprt  theory calculation 

Tentative heat b a l a x e  of the FSkPR stem cycle irYiicates a net 
p l a t  efficiency of about 43.85 coqared t o  4 3 . 6  reported f o r  
the SPPR. Although the FSFPR arsd SPPR cycles are based on iden- 
t i c a l  t h r o t t l e  ar;d reheat conditions, t h e  advantage i n  the fast 
reactor concep+c is  geizzed by be t te r  u t i l i za t ion  of the secondary 
reactor heat removal system. 
pressure, low temperature, l i g h t  water mderat.or, which removed 
about 39 Mr of heat from the  reactcr. 
was transferable t o  t,he steam cycle; hence, 15 Mw was reJected. 
%tal heat loss t o  t h e  gas i s  about 10 Mw, and all heat is  trans- 
ferable t o  the steam cycle. 

The SPFR scncept employed a low 

Only 24 Mw of t h i s  heat 

Studies of piping layout between the  core and the main feed and 
steam headers were in i t i a t ed .  
fue l  handling of single elements and the use of minimum numbers of 
jumpers f romthe core t o  the headers. 

It is desired t h a t  the layout permit 

However, the ccmpact core 

. 
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. 
size  may necessitate compromise of the desirable features w i t h  
pract ical  considerations of space required t o  perform the 
necessary operations of diSCOMeCthg and connecting the fue l  
element t o  the jumper. 

A preliminary estimate of the fabrication cost of FSPPR core 
elements is  $300/kg U + Pu; similarly, fo r  blanket elements, 
$250/kg U. 
a production ra te  of one (1) loading every 4 years. 
these fabrication costs, a loading of 2000 kgs t o t a l  Pu, and en- 
richzpent of 20$ t o t a l  Pu, the fue l  cycle cost w i l l  approach 
1 milllkwhr a t  100,000 W/MP (5-yr l i f e ) .  Comparatively, costs 
w i l l  increase about 3/4 i f  core l i f e  i s  halved and w i l l  decrease 
about 1/3 i f  l i f e  is  doubled. 

'phis relat ively high fabrication cost is  based on 
Even with 

Fuel Re-use. Conceptual design drawings have been made by Ceramics 
Research and Development fo r  the proposed fue l  re-use demonstration 
experiment irradiations i n  PWZR. A new pressure tube would be per- 
manently f i t t e d  with a l i n e r  t o  provide a square fue l  channel dup- 
l ica t ing  the Fermi blanket cans. Stainless rods and end-fittings 
f o r  a hydraulic take-apart model of the experimental fue l  element 
are being procured. 
car- a single P€U% fue l  element is  being modified t o  be suitable 
f o r  of f - s i te  shipment of PRTR-Fermi interchange elements. 

A new fue l  shipping cask being designed fo r  

Plutonium Fuel Spacecraft Reactor. 
Plutonium Fuel Spacecraft Reactor concept w i l l  be published in 
April. 

The document describing the 

Moon Base Reactor. 
p a r e t e r s  f o r  a 10 me epithermal reactor concept, fueled w i t h  
"Pfioenix Fuel" plutonium isotopes, t o  provide power fo r  a base on 
the moon. This reactor concept ut.ilizes plutonium ni t r ide  fuel ,  
yttrium or zirconium hydrides as moderator, and i s  lithium (Li7)  
cool%d. Power i s  recovered through a potassium secondary coolant 
system. Reactor coolant temperatures w i l l  exceed 2000 F although 
a final temperature has not been se t t led  on. It w i l l  probably be 
necessary t o  provide a separate coolant f o r  the moderator, t o  pre- 
vent excessive losses of hydrogen. 
could possibly be ut i l ized  t o  preheat potassium i n  the secondsry 
loop. 

Work is proceeding on establishing system 

Heat removed from the moderator 

c 
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D. D M S I m  OF RESEARCH - 05 PROCRAM 

1. Radiation Effects on bktais 

This program i s  aimed a t  establishilrg the combined ef fec t  of 
impurities and neutron i r radiat ion on the properties and struc- 
tu re  of specific metals arid deducing fromthermally activated 
recovery processes how the damage state can be altered.  

Single Crystal Molybdenum. 
single crystals  are  being measued i n  a diffractometer modified 
f o r  the purpose. 
and mved away from the x-ray tube t o  permit measurement of peak 
positions on each side cf the 180 degree 28 position. 
limator consists of a pa i r  of pinholes, cLe being a length of 
0.1 mm ID tubing very near the tube focus, the other a 0.5 mm 
diameter hole in a lead f o i l  very near the  sample. 
between the two pinholes 2s about 30 cm, so the angular width of 
the beam i s  approximately 0.0.5 degree, or  three minutes at half 
maximum. 
parameters t o  be determined t o  be t te r  than one par+, i n  100,000. 
For mlybdenum, t h i s  would be f O.OOOO3 A. 

X-ray l a t t i c e  parameters of molybdenum 

A standard diffractometer was rotated 90 degrees 

The col- 

Separation 

In theory, t.his arrallgemezt should permit l a t t i c e  

Tke measuremeots of l a t t i c e  parameter revealed tha t  there i s  a 
variation from the exter ior  of the single c rys ta l  rod t o  the 
in te r ior .  
denum (10-20 ppm C )  were 3.14706 A a t  the edge, 3.14708 A a t  a 
point halftray between edge and cenfer, and 3.14735 A a t  t.he center. 
An i r radiated c rys ta l  ( l$8 nvt, E > 1 MeV) of. the  same carbon 
conterit gave the values 3.14691 A a t  the edge, 3.14681 A a t  the 
halftray point, and 3.14715 a t  the center. 
(100-200 Fpm C) i r radiated t o  1018 nvt gave values of 3.14704 A, 
3.14732 A, aod 3.14741 A a t  the ccrrespcndiog locations. An un- 
i r radiated c rys ta l  of :his carboz leve l  has cot  yet  been studied. 

Lat t ice  parameters of unirradiated low-carboxi molyb- 

A medium-carbcn crys ta l  

The cumber of measurements i s  too  small f o r  any but the most ten- 
tative conclusions. 
radiaticn on the low-carbon Eicgle c rys ta l  i s  $0 reduce the l a t t i c e  
paramctcrs. 
decrease is a relaxation of microstresses darirg irradiat ion.  
Further measurements are being made. 

It would appear that  the e f f ec t  of the ir- 

A possible mechanim contributing t o  the observed 

Tecsion tes t ing  of molybdenum s i rg l e  crystals  has continued through 
the month. 
cwves computed; of these t e s t s ,  20 have been conducted w i t h  photo- 
graFhiC recording of the  prccess of deformation. I n  t h i s  technique 

A tG5al of 41 crystals  has been tes ted and the f low 
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the  c rys ta l  specimen i s  thoroughly degreased and coated with a 
0.0001-inch thick photographic emulsion. A photographic negative 
of 8 grid, w i t h  0.002-Inch thick l ines  spaced on 0.020-inch 
centers, is placed in tangential coctact with %he gage section of 
the crystal .  
the  emulsion is developed and the r e su l tmt  image is dyed. 
order t o  bond the emulsion t o  the crystal ,  the emulsion must be 
f i red .  
of re la t ively low temperature ana rapi3 h e a t b g  are  believed t o  
minimize any annealing of radiation damage duririg f i r icg .  
tens&le tes t ing,  deformation of the grid i s  recorded by the use of 
a 35-~mn time-lapse camera. 
inch of crosshead t rave l  i n  the interval  from the proportional 
limit t.o the ult.lmate load. 
exposure interval is O.OO5-irich of crosshead t ravel .  

After exposure t o  l i gh t  from a mercury arc lamp, 
In 

This i s  done by heating r a p i d l y t o  250 C; the combinaticn 

During 

&e frame I s  exposed fo r  every 0.001- 

During the rexmicder of the $est  the 

Preliminary examination of the pho5ographic recordings obtained 
indicate that ,  in addition t o  precise determination of tens i le  
s t ra ins ,  it is  possible with t h i s  techc.ique t o  observe the inter-  
section of s l ip  l ines  with the surface, the GnEet of nonuniform 
deformation, the occurrence of multiple neckkg, and other anoma- 
lous defornzation characterist ics.  

The tens i le  t e s t s  conducted on crystals  with exposure of 1019 nvt 
(E * 1 Mv) have corifirmed the tendency fo r  dras t ic  res t r ic t ion 
of the  number of operative s l i p  systems a f t e r  irradia5ion. The 
extent of the easy glide region becomes very great a t  1019 ?id., 
with glide s t ra ins  in easy glide of the order 0.80. 
that the "charmeling" cbserved by trarsniissioz e l e  ctrorr mlcrosccpy 
a t  exposures of 1019 rvt shculd be m r e  prozounced thao in  specinens 

\, 

This suggests 

with exposures of Id. 8 nvt. 

Polycrystalline Molybdemm. 
high puri ty  molybdenum which contains < 10 gpm C as  w e l l  as > 100 ppm 
C af'ter neu+ron i r radiat ion t o  1019 nvC, ( fas t ) .  These bulk f o i l s  
(O.OO3-inch thick)  have been strained ax ia l ly  in the racge one t o  
two percerit t o  study the interact.ior: bet.weera defect structures and 
dislocations which have been induced t c  move as a resul t  of the 
deformatioc. 
transmission electron microscopy in the  form of s t ra ight  l i ne  chaznels 
fromvhich the irrsdiation-produced defects have been pa r t i a l ly  or 
completely removed. =e origin of the charzcels i s  presumed t o  be 
the grain bourrdary. In same ins5mces areas f ree  of defects were 
observed a t  grain boundaries; in these regions defects had appar- 
en t ly  been swept away by moving dislocaticns origirLatlng a t  the 
boundary. 

Defect structures have been observed in 

Evidence fo r  such k t e r s c t i c n  has been observed by 

Large carbide par t ic les  have bee= observed i n  some of 
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the channels of f o i l s  coctainirg 100-293 ppm C. 
tha t  the carbides, =der s t ress ,  w i l l  a c t  as sources of dis-  
locatiocs which move i n  the glide plare sw2eping out defects. 
Dislocation t,angles are present a t  some of the intersections of 
the channels kd ica t ing  complex in te rac t i izs  with each other. 
Occasior;ally, re la t ively large dislccation loops are also f o x d  
in the channels. 
icteraction of dislocations. 
electron microscope disclosed a change in  the orien5ation of some 
of the chanzlels w i t h  respect t o  the matrix material. This con- 
t r a s t  effect  nay resul t  from a reorientatior; cf the material 
within the charnel, due t o  the passage of ?nary dislocations, o r  
the formation cf microtwins. 
the charnels and the matrix should show tne degree of sisoriexita- 
ticL. The occlirrence cf chaxels  observed i n  the stressed samples 
i s  in good agreement wi%h one theory of radiatioc harderiillg, i .e . ,  
an increased s t ress  i s  required t o  move a dislocation through a 
f i e l d  of radiation-produced derects. 
c l u t e r e d  defects i n  these charnels have been elinicated,  many 
dislocations must have passed alczg these channels. 
elimiri.at.ioc of the defects subaeqLect dislocation motion i r i  the 
chamels rer,uirea l e s s  s t ress .  
t ion  cf charcels in the electron microscqe have Seen unsuccessful. 
Micro-tecsile samples could nct be punched from the irradiated 
0.003-inch th ick  disks, as rmbrittlemeLt of the = t a l  had 02- 
ccrred fo such an extezit that  the irradiated disks shattered. 
Preformed micro-tensile s a q l e s  are therefore being prepared f o r  
neutron irradiation. 

It i s  possible 

They presumably are f o m d  by the complex 
T i l t -  of the specimen i n  the 

Electron diffracfior, pat terrs  of 

Sicce essent ia l ly  a l l  

With the 

A%tempts a t  observing the forma- 

merational t e s t s  of the stored eziergy calor:met.er are  coxitiruing. 
Certain nodif2catiocs were male which al lov fl;e spec imi  staLd, 
the iriternal heaters, a d  the thermcccuFles t o  a i l  be removed from 
the calcrimzter as an k t e g r a l  unit. Also9 the Ft-Pz 10$ Rh di f -  
fe ren t ia i  themcouples  were replaced wit.h chrcmel-alumel couples 
t.0 provide greater s e r s i t i v i ty  i n  differeii t ial  tengerature mea- 
suremzita. An improved specher, heater euppcrS, fabricated from 
high pur i ty  A12133~ was installed.  
3 inch diameter, has bees r ipset a t  500 C i n  a four-step cpertition 
t o  a final 8iameter of 3/4 inch. The r&s are  now being swaged 
and heat-treated t o  Froduce 4 i r sh  diarneter specimens with d i f -  
fererit levels  of cold work fo r  use a s  t e s t  sgecimens. 

Blycrys ta l l ice  mlybdenum rod, 

Other Met.als. Nickel, a face-celrtered cubic metal, aod rhenium, 
a close-packed hexagonal metal, w i l l  be investigated hi a nanner 
analogcus t o  the molybdemm studies. 
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Nickel f o i l s  O.OO3-Fnch thick have been prepared by rol l ing 1/8- 
inch thick s t r i p ,  which was i n  turn  rolled from &-inch diameter 
rod material. 
according t o  the puri ty  leve l  of the s tar t ing material. 
pur i ty  levels are  (1) 99.975 N i ,  ( 2 )  99.G N i ,  and (3) 99.2% N i .  
The f o i l s  were prepared by cross-rolling, w i t h  the  reduction per 
pass kept l e s s  than 20$ in order t o  retard the formation of a 
pronounced rol l ing texture. 
these foils are under development, and examination by transmission 
electron microscopy w i l l  follow. 

The effects  of a high supersaturation of vacancies on the elec- 
t r i c a l  r e s i s t i v i ty  of nickel is being irvestigated. Wires 0.010- 
inch in  diameter have been prepared fromthe three materials men- 
tioned above, and preliminary quenching experiments have been 
conducted. The specimens used are  coi ls  of l/8-inch diaxceter 
with a gage l e  
pressure of l 0 ~ m  Hg t o  1400 C by direct  resistance heating and 
held f o r  f ive minutes t o  anneal out the cold work damage incurred 
during winding of the co i l .  
t o  10 psig with pure helium and the chamber is imnersed i n  a 
l iquid nitrogen bath. 
and''quenched by turning off the current. 
f a s t  as t o  appear instantaneous, but it is planned t o  measure the 
r a t e  by determining the ra te  of decrease of gas pressure with a 
pressure transducer sensing system. 

Rhenium wire (0.010-inch diameter), rod (0.100-inch diameter), and 
single crystals (1/8-inch diameter) are on order. An electrolyt ic  
machining device f o r  strain-free machinidg of single crystal  
t ens i l e  specimens is  being fabricated and w i l l  be completed shortly. 

The material is broken down in to  three groups, 
These 

Electrolytic thinning techniques fo r  

rr 

h of 3Oto  36 inches. The w i r e  i s  heated a t  a 

Then the vacuum chamber i s  backfilled 

The specimen i s  then heated t o  1430 C * 20 C 
The quenching rate  is so 

2. Plutonium Physical Metallurgy 

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  
es tabl ish the e f fec t  of certain specific alloying additions on 
these properties. Two areas are  under study: mechanisms of phase 
transformations and mechanisms of deformation and recovery. 

R a s e  Transformations. Studies on the effect  of p las t ic  deforms- 
t ion  on the beta & alpha transformation, and the e f fec t  of com- 
pressive loading on -the &crostructure of specimens undergoing 
beta.-.! alpha transformation have continued. 
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Specimens were beta heat-treated, deformed by compression a t  a 
temperature of 150 C, and then permitted t o  transform a t  a tem- 
perature of 79 C. 
specimens were i n  the range 60-975. 
associated with the beta phase compressions increased the tie 
f o r  the start  of transformation in to  alpha. 
were in the range 3000-6000 seconds. 
the s&ne thermal his tory required only a 200-second incubation 
period a t  79 C for  transformation i n t o  alpha. 
i n  f i n a l  density of the deformed and undeformed specimens after 
transformation was indicated. This ef fec t  w i l l  be investigated 
more fu l ly .  

Changes i n  the thiclmess of the compressed 
The p l a s t i c  deformation 

The incubation times 
Undefomd specimens with 

A marked difference 

The normal effect  of p l a s t i c  deformation on nucleation and growth 
reactions i s  t o  increase the r a t e  of transformation whereas the 
effect  on nucleation and shear type reactions i s  t o  lower the & 
temperature. 
p l a s t i c  deformation supports the contention that the beta _3 
alpha transformstion i s  a nucleation and shear transformation. 

The observed decreased r a t e  of transformation a f t e r  

Experiments were performed i n  which specimens were allowed t o  par- 
t i a l l y  transform fromthe beta t o  alpha phase under an applied 
compressive s t r e s s  of 5000 psi.  
interrupted by quenching t o  -40 C with no applied s t ress .  The 
alpha grains which formed under the applied s t r e s s  were columnar 
and i n  bands. 
s t r e s s  and the major axes of the columnar grains were para l le l  t o  
the direct ion of the applied s t ress .  The bands which appeared t o  
have nucleated a t  the center of the specimnsJncreased i n  number 
as transformation proceeded, rather than i n  size.  

The transformation a t  79 C w a s  

The bands were observed a t  90 degrees t o  the applied 

The bands appeared t o  have nucleated a t  the center of the specimens. 
This is  a l so  evidence t h a t  the beta j alpha transformation may be 
a nucleation and shear reaction. 

Electron Mcroscopx. Initial attempts a t  obtaining electron photo- 
micrographs of de l ta  s tabi l ized plutonium have been successful. 
Grain st ructure  and microcracks a re  readi ly  observed. A plutonium 
sample, del ta  s tabi l ized with four a/o A l ,  was etched by argon ion 
bombardment a t  3500 volts  f o r  12 minutes. Six successive cellulose 
acetate  replicas were taken and decontaminated t o  < 500 D/M smear- 
able contamination by ul t rasonical ly  cleaning i n  a l te rna te  baths of 
six normal HC1 aod water. The cellulose acetate was shadowed with 
palladium and replicated by carbon evaporation. After dissolution 
of the  acetate  i n  acetone, the carbon replicas were immersed i n  
water and then retrieved on 200 mesh copper grids.  No contamination 

4 
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could be detected on the grids. 
described i n  the previous monthly report, was found t o  be unneces- 
sary f o r  replicas taken from a cathodically etched surface. 

Rinsing the carbon i n  HNO3, as  

E. CUSTOMER WORK 

1. Radiometallurgy Laboratory 

Examinations. 
photographed as-received. 
over'the ent i re  length. 
t ha t  fa i lure  was not the resul t  of water penetration along the 
spire.  (RM C-417) 

Three I&,E elenrents from B Area were replicated t o  study the corro- 
sion patterns of the outer can wall. 
galvanic type corrosion p i t s  were found i n  which the uranium w a s  
exposed. 
yet been determined. 
groove corrosion, but the two d i s t inc t ly  different  types of corrosion 
did not appear t o  be associated. 

!€%e s p l i t  f a i lu re  from Tube '3584-C was examined and 
The uranium fue l  was badly fragmented 

Visual examination of the spire indicated 

On two of the elements deep 

The agent that  caused the corrosion in these p i t s  has not 
The can walls were a l so  badly pi t ted w i t h  

(RM C-416) 

Physical and Mechanical Properties Testing Cell. 
the  Instron straining frame with power t rack and accessories has 
been completed. 
the Instron positioning device. 
system f o r  the rotating beam fatigue t e s t e r  has a lso been completed. 
Final adjustments were made on the c e l l  door drive mechanism. 
Equipment functional t e s t s  w i l l  commence following a complete 
checkout of the instal led equipment. 

Instal la t ion of 

Final checkout and adjustments w e r e  perfomed on 
Instal la t ion of the e lec t r ica l  

Equipment. 
pleted and the work request f o r  fabrication was issued. The grips 
are  required fo r  tes t ing  process tube specimens a t  temperatures up 
t o  S O 0  F. 

The design of high temperature t ens i l e  grips was com- 

Several modifications were made i n  the micro sampling equipment i n  
"D" C e l l  and t h i s  equfpment is now available f o r  use. The ins ta l -  
lation of the pulse annealing furnace i n  "D" Cell i s  also complete. 

Inspection reports tha t  the vendor has completed the basic optical  
system drawings and is  working on the basic mechanical drawings fo r  
the stereo zoom microscope. 
approval about April 15, 1963. 

Detail  drawings a re  expected f o r  
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An order w a s  placed f o r  two light-duty CRL Model G Manipulators 
f o r  evaluation purposes. 

Testing of the resin column portion of the f i l t e r i n g  system f o r  
the basin i s  complete. 
replace the existing f i l t e r  pump when the resin columns are in- 
stalled. 

A larger  capacity purrp w a s  ordered t o  

2. Metallography Laboratories 

An electropolishing-etching electrolyte  consisting of one par t  6C$ 
perchloric acid and 10 pa r t s  glacial  acet ic  acid has been shown, 
over the past few months, t o  produce good r e s - d t s  i n  the prepara- 
t ion  of uranium bonded t o  Zircaloy. Recent experimentation w i t h  
t h i s  e lectrolyte  has shown tha t  it i s  a l so  very effect ive f o r  
polishing such diverse materials as aluminum-lithium alloys and 
several of the super alloys, e.g., Hastelloy-X, and the s t e l l i t e  
alloys.  

3.  N-Reactor Design Testing 

N-Reactor Charging Machine 

Modifications. 
modified t o  lower the l i n e  of action. 

The new end thrus t  s t ab i l i ze r  rod anchors have been 

Ins ta l la t ion  of t h e  television and communication equipment i s  corn- 
plete .  

Testing. 
addition t o  the  ten made last month under Design Test 22-A. 
were : 

Four more complete charges of fue l  elements were made in 
These 

Test 11 - 18 elements, 24" long with suitcase handle type supports. 
Test 12 - 18 elements, 24" long with suitcase handle type supports. 
Test 1 3  - 36 elements, 12" long w i t h  suitcase handle type supports. 
Test 14 - 24 elements, 18" long with suitcase handle type supports. 

Both charge 11 and 12 suffered some visual damage t o  the fue l  element 
feet. 
grees, probably caused by the nozzle t o  process tube t rans i t ion  and 
a t t r ibu ted  t o  the so f t  i ron shims which were used extensively i n  
these two charges under the shoes t o  provide the  proper support height. 
No apparent damage occurred t o  the las t  two charges. 

This was described by NRD personnel as gouging of varying de- 

i 
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Preparation f o r  Design Test 22-B i s  estimated 7 6  complete. 
This t e s t  is  similar t o  Test 22-A in tha t  charges a re  pushed 
over the same magazine-nozzle-pressure tube t rans i t ions  but 
with the addition of a res i s t ing  force on the f u e l  t o  simulate 
possible column action result ing from forces necessary to  push 
an i r radiated charge of fue l  from the pressure tube. 

NPR Fuel Handling Tongs 

The fabrication of the tongs is 9C$ complete. 
‘ 3 .  

4. Special Plutonium Fabrication 

High Exposure Plutonium-Aluminum Fuel fo r  Physics Tests. 
hundred, 3-foot long, Al-Pu rods were fabricated fo r  physics t e s t s  
in the  PCTR and PRCF. 

One 

B i l l e t s  were cast  f o r  another 50 rods. 

High Exposure At@-U@ Fuel f o r  Flux Monitor Tests. 
rods containing U@-pU@ pe l l e t s  were completed, and pe l l e t s  fo r  
f i ve  additional rods were sintered. 
p e l l e t s  are  needed. 
furnace heating element burned out; replacement of the element 
delayed completion of th i s  work. 

Seven f u e l  

A t o t a l  of 18 rods w i t h  
During the month the hydrogen s inter ing 

Low Exposure m@-U@ Fuel f o r  Physics Tests. 
postponed t o  permit completion of the  flux monitor pe l l e t s  des- 

This work has been 

cribed above. 

High Exp osure PuOp-U@ Fuel f o r  Physics Tests. 
impact formed Pu@-U@ vibrationally compacted in to  rods f o r  physics 

Use of high energy 

t e s t s  continues t o  look promising as an a l te rna te  t o  pel le ts . -  Rea- 
sonable bulk density (86$ TD) was achieved i n  the required 3-foot 
long rods by vibrationally compacting 9 8  TD impacted U Q .  R e -  
liminary analyses of impacted U @ - 1 . 3  w/o Pu@ indicated greater Pu 
segregation than normal fo r  t h i s  material; however, the sampling 
technique and analyses are  suspect. Repeat samples are  planned. 

Plutonium-Aluminum Fuel f o r  Corrosion Tests. 
5-inch AI.-Pu fue l  rods w i t h  X-8001 cladding passed bond t e s t ing  
and are  ready f o r  autoclaving. 
extruded f o r  cut t ing i n t o  the second s e t  of fue l  rods. 

Fourteen coextruded 

A rod clad i n  Kn aluminum was co- 

EBWR Plutonium Fuel Elements. 
for the  vibration compaction f a c i l i t y  i n  308 Building (Project 

The complete d e t a i l  design package 

CGH-992) was delivered t o  AEC-RLOO f o r  approval. 
of the design, funds w i l l  be released t o  s t a r t  construction and 

With AEC approval 
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f i e l d  engineering on the project.  
138 i s  being removed and construction of the p i t  w i l l  start as 
sson as funds are available. 

Existing equipment i n  Room 

Development work on the oxide loading process f o r  EBWR began. 
A ser ies  of mixed oxide fuel  rods were loaded by vibrational 
compaction t o  evaluate blending and loading techniques f o r  
"bottle loading" of U@-pU@ powders. 
rods was subjected t o  various blending actions (V blender, 
ro l l e r  blender, and end-f or-end tumbling) f o r  periods ranging 
from 5 minutes t o  2 hours. Evaluation of these rods by auto- 
radiographs and gama scanning i s  under way. 

Feed material f o r  these 

Uranium dioxide was prepared f o r  blending w i t h  Puo;! and impaction 
of prototypical EBWR fue l  material. Depleted uranium was reacted 
w i t h  pressurized water, yielding a f ine  powder of t h e  composition 
U02.25. The powder was converted t o  a poorly-sinterable stoichio- 
metric U@.oo by reduction w i t h  hydrogen a t  1200 C. 
impacted a t  220,000 p s i  t o  97$ TD, pulverized t o  -48 mesh, and a i r  
roasted t o  the composition U02.01. This type of U@ can be mixed 
with Puo;! and impacted t o  994 TD a t  1200 C and 250,000 p s i  inipact 
pressure,  using a too l  s t e e l  punch. 

A program f o r  i r radiat ion tes t ing  prototypic UO;! - 2 t o  3 W/O ~ u 0 2  
EBWR fue l  rods was prepared. 
rent ly  empty, would accommodate a 36-inch long, 3x3 array of t he  
vibrationally compacted, 0.42-inch diameter, Zircaloy-clad rods. 
The loop can be operated t o  simulate EBUR conditions. The desir-  
a b i l i t y  of conducting i r radiat ion t e s t s  i n  t h a t  f a c i l i t y  i s  being 
determined. 

The Uo;! was 

The GETR Boiling Water Loop, cur- 

5. Fission Product Impaction 

In cooperation with Chemical Laboratory personnel, simulated 
f i s s ion  product oxides were impacted i n  both 2.5- and 4-inch 
diamtter containers. 
Ce@, and Nd2O3. 

m t e r i a l s  impacted included SrTi03, SrO, 

Manager, Reactor and Fuels Laboratory 
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PHYSICS AM) INSTRUMENTS LABORATORY 

FISSIONABLE MATWIALS - 02 PROGRAM 

N-Reactor Lattice Parameters 

Work has continued on the re-analysis of 
error  in the measurements of "p" and "E" 

experimental data. A systematic 
has been discovered which was due 

t o  a coding f l a w  i n  the f o i l  ac t iv i ty  correction program. 
ing from th i s  error  are small. 
l a t t i c e  are  now being corrected t o  a common graphite density. 

Changes resul t -  
The measurements in  the mockup and condensed 

9 t imiza t ion  of Re-Tubed Lattices 

The overbore (CVIN) Are1 has been removed from the "C" exponential p i l e  
and replaced vieh air-cooled regular (CIIN) fuel.  
material buckling and control strength in this l a t t i c e  have begun. 

Measurements of the  

Computational Programming Services 

A program which exceeds ccanputer core space presents one o r  both of two 
questions: w h y  is the  deck too large, and huw much must be cut t o  make 
it fit. 
informatian about the deck, may be obtained by using PADOED (Program and 
Data Overlap - mecution Deleted). PADOED w i l l  examine a binary deck and 
list the name, length, and t ransfer  vector of each routine included. The 
l i b ra ry  tape i s  searched and the name (and secondary entry names, if  any), 
length, and t r e f e r  vector of each r ewi red  l ib rary  routine is  given. A 
summary sheet lists t o t a l  lower and upper memory required, t e l l s  how much 
was wasted by duplicate routines, and points out names of a l l  missing sub- 
routines. The program w i l l  also be useful in determining the maxinnlm per- 
missible dimensions for  variables in a deck that does not exceed core space) 
since the exact amount of unused core space is given. PADOH) is cmgletely 
writ ten and about 50 percent debugged. 

The answers t o  these westions,  as well as additional useful 

. 

A source program l i s t i n g  of the Reich and Moore multilevel Breit-Wimer 
formulation has been obtained frm Phil l ips  Petroleum Company fo r  possible 
inclusion in  program GROUSS as an option t o  the single l eve l  subroutine 
presently contained therein. Since GROUSS performs Doppler broadening 
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numerically, the asyrmnetry of f i s s ion  resonances due t o  interference w i l l  
cause no diff icul ty .  

Instrument a t  ion 

. Continuing ef for t s  are  being made t o  evaluate neutron pulse-type detectors 
for use in special NPR startup instrumentation. A Eelium-3 neutr? counter 
eested f o r  pulse-height dis t r ibut ion showed a sharp cut-off point at about 
4.75 Mev when tes ted with a neutron source. Its gain increased by a factor  
bf abmt 2.5 per 100 volt  increase of applied voltage, w h i l e  the pulse r i s e  
times v u i e d  from 1 t o  3 microseconds. Other measurements included pulse 
height d i s t r i h t i o n s  fran standard and pressurized ( a t  three atmospheres) 
f i s s ion  chambers. 

Work continued on instrumentation for the NPR b e l  Rupture Testing Loop at 

flow sensing and control valve arrangement. 
ccaapletd fo r  the general purpose oscilloscope, an oscilloscope camera, 

. and an X-Y recorder. Modifications were made t o  the multichannel pulse 
II height analyzer t o  permit pulse obsenration a t  the  analog t o  d ig i ta l  con- 
P vert.er. 

. PRTR. Progress has been made in the preparation of layout sketches for the 
Revised specifications were 

General epdpment layout work was started. 

Gain, linearity., and s t ab i l i t y  t e s t  data fo r  the dual-channel preamplifiers 
of the gamma energy monitor of the NPR Fuel Rupture Monitor were received 
fran G E - m  and reviewed along with the t e s t  methods used. Acceptance 
t e s t  procedwe methods were started, and plans were established for  the 
next witnessirg of t e s t s  a t  GEL-. 

Theoreticsl calculations were completed regarding a single time-to-power 
meter presentation of flux level  aad period data f o r  use in reactor start- 
ups. A.n invention repcrt was prepared and submitted. 

The development work on the  graphite channel bore-gage for reactors w a s  
suspended due to apparent lack of custaner in te res t .  

kperlmental cvaluatian of the cable continuity acceptance t e s t  procedure 
fo r  the NPR high l eve l  flux monitor has been started. 
experinrent was requested by Instrument and Electrical  Design, IWD. 

System Studies 

The t e s t  method 

Simulatiozl of the  NPR pressurizer-inJection system was completed this month. 
This simulation was used t o  determine autcacatic controller set t ings and t o  
determine the transient effects  of various types of disturbances such as 
process tcbe dit-ersion, loss of parer t o  one or more injection pumps, reactor 
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power leve l  Increases and decreases, and various scram conditioqs. Highly 
sat isfactory results were obtained from the investigation of more than two 
hundred separate and d is t inc t  cases. 
used. 
two weeks. 

Both camputers (EASE, and GEDA) were 
The simulation was operated two shif ts  each day f o r  appraximately . .  

Separate simulations of the NPR injection pump and presmkizer-injection 
systems are  being designed t o  allaw system studies using only the EASE 
analog cmputer. A mathematical model of the  pressurizer which includes 
in-surge mixingk+ffects has been formulated and i s  being prepared f o r  pro- 
grmmixfnn. The simulation c i rcu i t s  are being designed in such a way that 
repet i t ive operaticn may be perfcrmed a t  a rate t en  times fa s t e r  than r ea l  
time i n  order t o  prc-ride more rapid problem solutions. 

A single-node, six-delayed group simulation of the NPR i s  nearing ccmpletion. 
Elowever, some of the instrumentation time responses and xenon constants of 
the SbiLation, which includes both temperature and xenon effects,  have not 
yet been determined. . 

. 

A single amplifier sirmrlation of a proportional-plus-reset controller has 
been designed which f a c i l i t a t e s  repet i t ive mode computer operation. 
f o r  NPR simulatfon studies, the reset ( in tegra l )  c i rcu i t  consists of an 
external'RC switching c i rcu i t  which i s  connected t o  the EASE ccanputer patch- 
board. 
computer components. 

Designed 

The remaining controller c i rcui t ry  consists of the  normal bui l t - in  

A mathematical model of the NPR pressurizer has been formulated which des- 
cribes its operation as a function of water surges. 
accwnt steam condensing and flashing as governed by the  amount of water 
surging in to  or  out of the pressurizer. 
the m o d e l  was constmcted which shows the relationship between problem 
variables. 
ming of the p repur i ze r .  

-An analog program fo r  the NPR cooling gas composition study w a s  placed on 
the computer end made operational. 
t he  effect8 of chaxging the i n w t  cooling gas camposition, and t o  determine 
optimum garr canposition fo r  various reactor operating conditions. 
gas temperature fluctuations brought about by localized temperature varia- 
t ions of individual process tubes were considered i n  addition t o  the effect  
of more general, over-all temperature va r i a t lms .  

The model takes in to  

A signal flow diagram based upon 

Constants are be€ng fonmlated. t o  be csed in the  basic program- 

The purpose of the study is t o  determine 

Cyclic 

Production Test IP-569-C a t h o r i z i n g  100-D reactor experiments in whkh 
out le t  coolant temperature w i l l  be determined as a m c t i o n  of control rod 
posit ion has been approved. Tests at  that reactor are tentat ively planned 

. 
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for the  first week i n  April,  or as soon as possible afXer in-core neutron 
chambers me calibrated. 
expreesed i n  matrix form, and since it w i l l  be necessary t o  convert t h i s  
matrix in to  an analog sirmrlation, the corresponding analog setup has been 
structured in matrix form. 
derived and programed for the IBM 7090. 

As temperature changes fo r  each rod w i l l  be 

A solution t o  the matrix equation has been 

A single node, closed loop simulation of an automatic controller for 100-D 
reactor has been campleted. Results indicate that the controller can be 
driven direct ly  by the voltage outputs of an'analog computer: Flans are 
t o  move the controller t o  the  ccxputer laboratory upon campletion of the 
4-node reactor simulatioa now i n  progress. 

SEPARATIONS 

Experiments with Plutonium Solutions 

Additional c r i t i c a l  mass measurements were performed w i t h  plutonium-nitrate 
solutions i n  ag 11.5-in. diemeter water reflected sphere with cri t icail i ty 
being studied as a function of t he  Fu concentration and n i t ra te .  & con- 
centrations were- In the range of -220 - 80 g &/#; the acid molarity of 
the solutions was -0.3 or less. 

Sane d i f f i cu l t i e s  were encountered with the dum-p valve mechanism for the 
c r i t i c a l i t y  vessel when a leak develosed permitting solution t o  drain into 
the  dump tank ( i n  the event of a scram, the solution is autamatically 
drained t o  the dump tu). 
damaged O-ring seal  which w a s  replaced. 
instal led on the dump valve actuatixig mechanism fo r  improved contamination 
control. 

0x1. disassembly the valve was found t o  have a 
An extension skirt  was a lso  

pulsed Neutron Source ESrperiments 

The first pulsed neutron source experiments at Hanford were conducted at 
the Cr i t ica l  a s s  Laboratary on March 6. 
bursts of fast neutrons were injected i n t o  the multiplying material, and 
the exponential decay of the prcPnpt neutrons from f i ss ion  was observed. 
h t h e  pulsed neutron source experiments, one must have a neutron detection 
system capable of measuring the  intensi ty  of neutrons as a function of 
time within intervals  i n  the microsecond t o  millisecond range. 
experiments a sc in t i l l a t i on  detector with a high speed l iqu id  sc in t i l l a to r  
is being used i n  conjunction with wide band emplifiersto drive a &ti- 
channel analyzer. Sme pulse pile-up problems have occurred, but the pre- 
liminary resu l t s  are encouraging. 

In these experimente, short 

For these 
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Pulsing a subcri t ical  assembly with neutrons i n  no way af fec ts  the  repro- 
duction factor, and hence the  s t a t e  of c r i t i c a l i t y  i s  not changed. 
course, the neutron level  i s  increased during the in.lection--as it would 
be if any constant non f i s s i l e  source were added, but t h i s  does not i n  any 
w a y  create a c r i t i c a l i t y  si tuation. (The f i ss ion  neutrons resul t ing fran 
the neutron pulse can i n  no way interact  with the  pulse tube t o  increase 
i t s  yield--hence, in a subcri t ical  system the  only effect  is  t o  ra i se  the 
neutron leve l  by a constant value). 
neutron population,following the burst, is  a f'unction of the  neutron l i f e -  
t h e ,  delayed neutron fraction, and k+ff (nearness t o  c r i t i c a l i t y  of the  

plans are t o  use the pulsed neutron source technique i n  c r i t i c a l i t y  studies 
with plutonium systems--and t o  measure effect ive multiplication constants 
of prototype process equipment re la t ive t o  the  in-plant applications and 
the  development of a "Cri t ical i ty  instrument". 

of 

- 

However, the  rate of decay of the 

system). 

In the  first preliminary t e s t  of the pulsing device, the decay constant of 
t he  thermal neutrons in the tamper tank was measured. The l ifetime of the 
neutrons i n  the water ref lector  was i n  qual i ta t ive agreement with the 
expected value, - 200 p seconds. A plutonium solution system was then 
pulsed at  succes'sive steps during an approach-to-critical i n  further pre- 
liminary tes t ing  of the pulsing mechanism and time analyzer equipment. 
p rmpt  neutron decay constant w a s  measured at several different  solution 
volumes (d90 g Pu/l)  i n  the 11.5-in. water reflected sphere. A plot of 
the  decay constant versus solution volume gave a value f o r  the prompt 
c r i t i c a l  volume of -12.6 l i t e r s ;  from the inverse multiplication curves, 
t he  delayed c r i t i c a l  volume was -12.5 l i t e r s .  
delayed and prompt c r i t i c a l  was t o  be expected fo r  th i s  system. 

With the  vessel  half full ( dhalf the c r i t i c a l  volume), the  measured decay 
constant implied a %ff of about 0.93. 

M h e r  analyeisf and interpretation of the data are required; additional 
experiments are planned during April. 

The 

A tenth of a l i t e r  between 

Ekperiments with Plutonium Oxide-plastic Mixtures 

The remote s p l i t  table machine was ins ta l led  within the  second hood Of the  
c r i t i c a l  assembly room in  preparation for  c r i t i c a l i t y  experiments- with 
PuO;?-plastic f'uels. 
t i es  of plutonium precipi ta tes  and polymers which can form i n  separation 
plants  . 

These fue ls  are being used t o  cover the  range of densi- 



Tests me currently being performed t o  determine the delay time of the 
control and safety rods f o r  the  s p l i t  table  machine i n  the event of a 
scram. 
controller t r i p  point has been reached wab measured and found t o  be 
appracimately 200 milliseconds. 
the controller t r i p  point will a lso  be measured t o  yield a t o t a l  delay 

The time f o r  the fuel  removal rods t o  move six inches af'ter the 

The t i m e  frcm the radiation incident t o  

: time. 

The neutron source drive is  currently being installed in the  hood. 

Bucklings of U r a n i u m  lbbes grid R& i n  Light Water 

Safe mass and voluxrie limits are  given i n  the Nuclear Safety Guide (TID- 
7016) f o r  s l igh t ly  enriched uranium rob. 
rods) h e 1  elements are being handled, one may question if these same 

. limits can be ssfely applied t o  tubes of the  same enrichment. 
determine the answer t o  this question, l a t t i c e  parameter calculations 

* were made for several rod and tube s izes  f o r  1.03 percent enriched uranium 
in light water. 

For the tubes the  a t s i d e  diameter was held corntan%, and the inside 
diameter varied t o  determine the ID giving the maxFmum buckling; several 
different a t s i d e  diameters were used in  the  calculations ranging f r a m  
0.2 t o  1.2 inches. 

FI. The calculaticns indicate that up t o  an OD of 1.2 inches, f o r  1.034 
enriched uranium i n  light water, there is no ttlEe s ize  which has a higher 
buckliag than the maximrlm obtainable for  solicl rods df optimum diameter 
with the  stme enrichment. However, f o r  sol id  rods of non-optimum diameter, 
there  are obvicrusly tube s izes  which do have higher hckl ings .  

However, i f  tubular (hollow 

To help 

r 

Buckliw of Par t ia l ly  Fil led Spheres 

The computer program is being revised t o  get bat ter  approximations fo r  the 
average of the derivative terms representing leakage a t  the surface of 
a small volune element. Further revisions included corrections for  the 
small  i r regular  bumps on the top srirface due t o  the spherical coordinate 
system. These correcticns a l so  lead t o  a more consistent approximation 
for the  flux and its derivatives; the flux is a double quadratic in  8 and 
r coordinates, the first derivative camponent is l inear  in t he  para l le l  
direct ion and W d r a t i c  in t he  perpendicular direction. 
still  f a d  using the Lagrange interpclation fonrmlaj however, t h i s  is 
a much be t te r  approximation than a simple l inear  first derivative. A 
great deal of hand calculation is  necessary in the debugging of these 
changes as each one represents the evaluation of two def in i te  integrals 

Derivatives are  
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'. 
f o r  each p a r t i a l  derivative at each of the nine points on the  double guad- 
r a t i c  flux f i t .  

A trimmed version of the code was used t o  solve the problem of a hemisphere. 
The value of B was found as 4.52, whereas 4.49 is the analytic value. 
error  of .6 percent is of the  same order as the  error in some of the deriva- 
t i v e  terms near boundaries. "he calculation was hindered because the 
CROUTS simultaneous equation program in the  l ib rary  appears t o  "peak" i n  
the  exactness of i ts  solution, t ha t  is, more i terat ions give a worse solu- 
t i o n  a f t e r  a cer ta in  point i s  reached. 

The 

Subcritical Interactions 

Program INTERSEI! i s  being generalized sanewhat t o  account f o r  interaction 
between resu l t s  of various concentrations and vessels with surrounding 
reflection. 
of the  matrix fo r  hff instead of albedo. 

Changes in concentration can be handled by i t e r a t ive  solution 

An equivalent extrapolation distance replaces the albedo in each different 
concentration and k i s  found from k = &/$l + .rig) for  each uni t .  Suc- 
cess of the method may be checked by using the various albedos t o  predict 

;. k fo r  each UnitGby an HFN calculation. . 

Data from Oak R i d g e  are being used fo r  capar i son  with the  "constant flux 
in the  void" appraximation fo r  an outside ref lector .  These data provide 
an extreme case f o r  comparison, since (1) ref lector  coefficients fo r  the 
ref lectors  used are poorly known, ( 2 )  the arrays were actually cubic, 
( 3 )  cylinders are very closely spaced (where interaction probability values 
are poorest), and (4)  unequal ref lectors  on the  six-sides of the  array were 
used. 

=: 

Coxnents were made on a safety report f o r  the mTRE f a c i l i t y .  

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

Nuclear Wety In HLO 

The followiag nuclear safety specifications were reviewed and issued: 
-h 

3kperimenta.l Reactors Operation 

. E 2  (Revised) Rules f o r  t he  Storage and Handling of 93s $35 Eh- 
riched Metal Foils 

Rods and Foils 
E 3  (Revised) Rules fo r  the  Storage and Handling of Pu-A1 Alloy 
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Rules for  the Storage and Handling of FCTR Fuel Elements 
Rules fo r  the Storage and Handling of 'ITR f i e 1  Elements 

Thermal mdraulics 

P-1 Rules for  the  Storage and Handling of Slightly Enriched 
Uranium Fuel Elements 

Nuclear Safety i n  CPD 

Participation on the Recuplex Deactivation Committee continued. 
t o  remove 4-8 Kg of plutonium from the J - 2 6 ~  steam stripper with ho€ acid 
under slight pressure (Procedure A-35) have t o  date been unsuccessful. 
is  now planned t o  cut the vessel and remove the plutonium mechanically. 
Procedure A-45 w a s  issued March 15, 1963, t o  cover the dismantling opera- 
t ion.  

A hazards evaluation of the new Plutonium Recovery Faci l i ty  (CAC-880)  is 

Efforts 

It 

. nearing completion, and a hazards report is under preparation. 
N 

3 IlEUTRON CROSS SECTION PROGRAM 

Scattering-Law Measurenents for  Light Water at  Elevated Temperatures 

a 
=, 

A new He3 proportional counter w a s  placed i n  operation as the  scattered- 
neutron detector for  the t r iple-axis  spectrameter. 
counting efficiency three times that of the B q  counter assembly previously 
used with no increase i n  background counting ra te .  
s tar ted on the inelast ic  scattering of neutrons from water a t  9 5 O C .  
urements have been completed f o r  neutrons of two different i n i t i a l  energies 
with an energy after scattering of 0.114 ev. 

This counter has a .  

hasurements have been 
Meas-  

study of Systematic Errors i n  Scattering-Law Measurements 

Attempts t o  cal ibrate  the efficiency of the  analyzing-crystal spectrometer 
f o r  Scattering-Law measurements revealed some systematic effects  which were 
previously e i ther  unobserved or not present. These effects  manifested 
themselves as systematic differences i n  the  measurement of the  e l a s t i c  
scattering fran vanadium using different orientations of the  analyzing spec- 
trometer. 
systematic errors  which may resul t  i n  Scattering-Law measurements. 

Measurements a re  i n  progress t o  determine the  magnitude of the 

Rot a t  ing- C r y s t a l  Spectramet e r  

Development of apparatus t o  measure slow-neutron ine las t ic  scattering by 

c 
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time-of-flight was continued. Design work was done on a mechanical rotor 
t o  be phased with a rotating-crystal t o  eliminate w a n t e d  reflections.  
Further studies were made of the phasing of two rotors using two separate 
hysteresis synchronous motors. 
has not been achieved with the system possibly because of poor alignment of 
one motor which has suffered repeated bearing fai lures .  
made t o  Improve the performance of th i s  motor. One commercial and one HAP0 
built 
system. 

Debugging of the  6144-channel time-of-flight analyzer has been held up by 
late a r r iva l  of parts.  
and tes t ing  w i l l  get under way as soon as the d ig i t a l  modules arrive.  
Equipment racks have been received, assembled, and wired. 

A-phase-difference s t a b i l i t y  of 0.1 degree 

Efforts have been 

counter were tes ted f o r  possible use with the time-of-flight 

Wiring of the system subsections has been completed 

Fast-Neutron Cross Sections 

Work is in  progress t o  subtract t h  

elements are  ready fo r  t o t a l  cross-section measurements and material is on 
hand t o  prepare .samples fo r  14 other elements. 
obtaining f ive  kamples of separated isotopes from Oak R i d g e .  
dimensional visual display was prepared of the t o t a l  cross sections measured 
on th i s  program. 

REACTOR DEVEUIPMEWI - 04 PROGRAM 

effect  of oxygen frm the  measured fast- 
neutron t o t a l  cross section of An1 E 7-oxide. Nine new samples of different  

. 

1. 

Some progress was made on 
A three- 

" 

PLUTONIUM RM=YCLE 

High'EKposure RzAl Lattice Studies 

The measurements i n  the PCTR on the three c e l l  by three c e l l  array of 19 
rod clusters  (20.6 w/o h-240) on an 8-3/8" pitch were begun and completed 
during the month. 
t o  a multiplication of unity w a s  determined. 
f o r  both the poisoned and unpoisoned l a t t i c e s  i n  the case where the  cadmium 
r a t i o  of gold was matched i n  the central  c e l l  and surrounding eight buffer 
ce l l s .  In these irradiations the  f ine  stnrcture o f t h e  f lux in the central  
c e l l  was measured using copper f o i l s  for c e l l  traverses and ArA1, U-235 Al, 
Cu, and Au f o i l s  t o  obtain the re la t ive  activation rates i n  each fuel ring, 
at the  c e l l  boundary and i n  the thermal column. "he f lux variations i n  the 
capper poison packets and in the  fuel  rods were measured i n  detai l .  The 
cadmlum ra t io s  fo r  M, U-235 Al, Cu, and Au were a l s o  measured in each 
fue l  ring and on the c e l l  boundary. 

The mass of copper required t o  poison the central  c e l l  
Foil  i r radiat ions were made 
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The react ivi ty  coefficient of 
measured i n  both the poisoned 

a rod in each ring of the 19 rod cluster  
and unpoisoned cases. In the unpoisoned 

was 

case, the react ivi ty  coefficient of the cluster  was found t o  go down, the 
react ivi ty  coefficient of a U-235 sample around the center rod was a l s o  
l ess ,  but the react ivi ty  coefficient of copper around the center rod in- 
creased by a factor  of three. 

The f o i l  data for  the 10-1/2 inch l a t t i ce ,  both poisoned and unpoisoned 
cases, has been processed through ArmAc and checked, and is nuw being 
analyzed. The f o i l  data for  the 8-3/8 inch poisoned l a t t i c e  has been 
processed through APDAC. 

plutonium Recycle Cri t ical  Faci l i ty  

s tar tup Ecp eriments 

The loading of ArAl fuel  clusters into the PRCF was authorized on 
March 5 and the approach-to-critical w a s  begun. 
in 13 working days--at 1615 hours on March 21. 
t i c s  of the c r i t i c a l  loading were: Moderator height of 93.00 inches; 
25 UO, and 30 PuAl fuel  clusters i n  approximately a two-zone loading; 
excess reac t iv i ty  of 18 cents (-0.84 mk or a 51.5 sec. period) with 
all control and safety rods at t h e i r  most reactive positions. 

Twenty-four of the lJ% fuel clusters were located in the  innermost 
l a t t i c e  cel ls ,  the 25th U0;l was placed in one of the six outermost 
l a t t i c e  ce l l s .  

The moderator leve l  coefficient ( a t d 9 4  inch water height) was found 
t o  be -0.8 &/inch which is appraximately half that of the PRTR. 
is tentat ively attr ibuted t o  the PRCF control rods that extend into, 
and reduce the worth of, the  top %O ref lector .  

Cr i t ica l  was achieved 
The gross characteris- * 

This 

Eqyipnent has been made ready f o r  the calibration of the control and 
safety rods by the rod drop method. 

Ebqerimente i n  e 0  Moderator 

Assistance w a s  provided in preparing the  f i n a l  draft copy of the "plu- 
tonium Recycle Cr i t ica l  Faci l i ty  Criteria fo r  Light Water-Moderated 
Experiments." This document i s  completed and w i l l  be issued next month. 

The document which describes the scope of the modifications t o  the 
PRCF has been reviewed and camments forwarded t o  the authors. 

,- 
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This document is now ccmplete and w i l l  be distributed fo r  approval. 

Estimates have been made fo r  the worth of the three control and safety 
rod. combinations and on the worth of t he  three safety sheets. The con- 
t r o l  and safety rod combinations are expected t o  be worth appraximately 

AK per  rod and each sheet about 0.7% or a t o t a l  worth of apprax- 0.9% 7P n 
imately 4.85 E. K 

A 

Three group-cross-sections are  being completed fo r  calculating c r i t i c a l  
mass information fo r  zoned loading experiments in the PRCF with &O 
mcderat or. 

w eriments i n  @O Moderator 

The programs R n 3 5 L  and ~ ~ 1 2 6 ~  which have been used f o r  kinetics studies 
i n  the PRCF have been combined into one program STEP. The program 
STEP combines t b  desirable feature of R n 3 5 L  which allows calculations 
t o  be made w i t h  precursors which are  not i n  equilibrium t o  that  of 
~ ~ 2 2 6 ~  which allows calculations t o  be made with a f inal  excess react i -  
v i t y  of zero. 

c )  

*. 
" prepared for distribution. 

A brief  description of the use of t h i s  program has been 

- 
A stEdy of t h e  kinetics of react ivi ty  and ant i - react ivi ty  i n  the PRCF 
has been completed. 
inclusion in the  Physics Research Quarterly Report. 

A summary of t h i s  work is being prepared fo r  
:: 

A Subroutine has been writ ten for  the Generalized Least Squares F i t t ing  
Program GLEX. The purpose of the subroutine is .two-fold. 
allow data froan the kinet ics  studies i n  the PRCF t o  be analyzed by the 
canputer more accurately and fas te r  than the  graphical methods which 
have been used i n  the  past. 
frm reac t iv i ty  t ransient  measurements from irradiated fuel samples. 

It w i l l  

The second use w i l l  be i n  f i t t ing data 

3 

Approach-to-Critical mer imen t s  Using High Exp osure PUAl 

Bcperimentr eimilar t o  the  ones performed on the 1.8 w/o Pu-A1 fue l  rods 
are planned f o r  2.0 w/o AI-A1 w i t h  165 At-240 content. 
f i f t y  of the 1,000 Fuel rods expected have been received. 
approach t o  c r i t i c a l  w i l l  use a l a t t i c e  w i t h  t he  fuel spaced 0.66" center 
t o  center. 
roan in preparation f o r  the experiment. 
prepared fo r  this experiment have fuel  rod positions spaced 0.75, 0.80, 
0.85, 0.90, and 0.95 inches center-to-center. 

Six hundred and 
The first 

This l a t t i c e  is being assembled i n  the tank i n  the TTH reactor 
Additional l a t t i c e s  that are being 



Neutron Thermalization - Theoretical Scattering Kernels f o r  Water 

If s l igh t ly  modified Gaussian's are used t o  f i t  the energy leve l  structure 
of water, the result ing auto-correlation fuction can be expressed in terms 
of simple f'unctions. If one then follows the  usual procedure of using the 
appropriate short and long collisiorr tine approximations in  obtaining the  
neutron d i f fe ren t ia l  scattering cross section frcmn the auto-correlation 

double ser ies  is  more complicated than the first and second order width 
correction results, it is  more exact, sirlce the width corrections are mathe- 
matical appraximations t o  the double series.  Consepuently, evaluation of 
the  double ser ies  is  a more appropriate t e s t  of the theory and such an 
evaluation is being programmed fo r  the 7090. 
then shaw good agreement, various mathematical approximations such as the 
width expansions can possibly be used t o  reduce computer time. 

- function, one obtains for  a final resul t  a double series. While this 

Should experiment and theory 

Plutonium Util ization Studies 

Studies t o  compare PUN, Fuo;! vs. U% as fuels  fo r  canpact, fast s p e c t m  
space reactors a re  continuing. 
out with the transport theory S-XI code. 
fractions (20 t o  8 6 )  and tungsten cermet compositions are being investi- 
gated. 

The present calculations are being carried 
t A wide range of reactor void 

Phoenix Fuels fo r  Compact, Water Moderated Reactors 

The work on compact, Phoenix fue l  cores is  continuing at a considerably 
accelerated pace. Life-studies for  a wide range of reactor types and fuel  
loadings are i n  various stages of completion. 
20 t o  300 kg, pla te  thicknesses from "inf ini te ly  thin" t o  0.150". 
tonium c a p o s i t e s  varying in Pu-240 content f r m  5 t o  30 a/o are being 
considered. 

h e 1  loadings extend from 
Flu- 

The present methods of calculation indicate the  need for  considerably 
higher PU-240 content Fuels ( N ~ c $ )  than was previously assumed. Thinner 
fuel plates  also seem indicated t o  enhance the effect  of the  Pu-240 cross 
section. 

A variety of check calculations are under way t o  get more assurance on the 
treatment of the A2-240 capture resonance. 
GROUSS code has been ut i l ized.  
is a l so  under way t o  be compared with the four group treatment presently 
i n  use. 

In these calculations, the 
, 

In addition, an eight group calculation 
U 
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PfiTR - Fuel Cycle Analysis 

. -  

I 

I: 

Work t o  imprave cross sections *ar the one- 
code continues. 
be t te r  agreement between measurements of flux, burnup, and multiplication 
factors  in the PRTR and the  calculated quantities. 

A Bj calculation (Program 12) w a s  performed fo r  a heavy water moderated, 
natural uranium-fueled reactor. 
tion, included i n  the study, “The Three Reactor Plutonium Optimization 
study,” predicted an increasing flu fram the middle ring t o  the center of 
the 19-rod h e 1  cluster.  
creases monotonically toward the  center, as would be expected. Although 
the  flux shapes do vary, the  thermal u t i l i za t ion  factor fo r  each case i s  
not s ignif icant ly  different.  
and 0.95337 (12). 

nensional version of MEISWAR 
These improved cross sections are  required t o  obtain 

IDIOT calculations f o r  the same configura- 

The 12 calculation predicted a flux which de- 

The calculated values are 0.952I”l’ ( I D I C ~ ~ )  

F!RTR - Burnup E q  erlments 

Burnup analysis has star ted on the Mark-I1 U Q  fuel element. 
i s  a concentrQ tube and rod type element. 

Two of the instrumented high exposure mixed a i d e  f i e 1  elements have been 
delivered t o  the PRTR for  insertion into the reactor. 

Mass Spectrcnnetry 

The heavy-element mass’spectrameter was used t o  provide isotopic analyses 
in support of ELutonium Recycle Program studies. h y s e s  were pravided 
on eight samples frm PRlB A l - N i - P u  fue l  element No. 5051, four samples 
from No. 5095, and two plutonium samples from Uo;! fbel element No. 1041. 

This element 

.. 

Code Development - RBU 
At this time, all known discrepancies have been resolved sa t i s fac tor i ly  
and the associated system modifications are completed. Following a f inal  
inspection of progran alter decks, the system checkout w i l l  begin on the  
machine. In addition t o  the modifications, several of t he  more important 
calculations done by the system have been checked thoroughly. .Two program- . 
ming errors were detected during the checkout as w e l l  as some corrections 
t o  present definit ions of problem data. 

The Monte Carlo f l o w  charts t o  be included i n  the  RBU system document are 
80 percent complete while  t he  document Itself is about 40 percent canplete. 
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Calculation of the diffusion coefficient continues t o  present sane d i f f i -  
cul t ies .  
Carlo estimates (analogous t o  transport theory estimates) t o  diffusion 
theory application. 
derived and t he  l imitations of each explored. 
the  expressions now available w i l l  be adequate. 

Reports covering the work performed by RBU i n  support of resonance inter-  
ference studies at Phill ips Petroleum Co., Idaho F U s ,  Idaho, indicate 
that RBU Monte Carlo resonance cross section estimates are quite good. 

Huwever, the  problem is one of mahing the t rans i t ion  of Monte 

Several methods of computing diffusion have been 
It is  qpite probable that 

c 
I, 

Code Development - C A I X  

The camplete CAW[ system consisting of programs GAM, TEMPEST, SIGMA-3CI 
CALX, and two small control programs chain linked together has been success- 
fully run as a unit with CAIX doing a burnup based upon the cross sections 
generated by GAM and TEMPEST and assembled by SIGMA-3C. W t i p l e  TEMPEST- 
GAM runs have a l s o  been m a d e  t o  write a TAM l ib rary  (combined TEMPEST-GAM 
output) w i t h  stacked cases which are then w y z e a  by SIGMA-3C. 
codes have been converted t o  enable them t o  u t i l i z e  the composite l ibrary 
tape; t h i s  conversion obviates the necessity of supplying as card input 
the appropriate l ib rary  deck every time the  code is  called in to  memory. 

: 
These 

Those portions of subroutine LOOP or CALX which r e l a t e  t o  the  endpoint 
; search, e i ther  i n  time or reactivity,  have been extensively recoded t o  

eliminate basic logical errors and are presently 80 percent debugged. 

A new code, SLOPE, which w i l l  be included i n  t h e  C& system has been coded 
and is 90 percent debugged. SLOPE calculates the slope of each microscopic 
9-group isotopic cross section as a function of burnup when supplied with 
a double TEMPEST-GAM-SIGMA-3C run. The first se t  of these cross sections 
correspond t o  the i n i t i a l  concentrations, the second se t  t o  estimated end 
of burnup concentrations. These slopes are writ ten on the  CALX data tape 
and subsequently used by SpM3TRUM subroutine SIGMA of CALX t o  do a l inear  
interpolation t o  pravide microscupic cross sections during burnup. 

Code Developmen t - RBU Cross Section Updating 

The final edit of the cross sections that were t o  be updated on the RBU 
nuclear data tape is complete. Upon mak the  new basic library tape, 
the  corresponding cross section l i b ra r i e3 i . e . ,  GAM-1, TRvf€'EST, SPECTRUM, 
THERMOS, and MAXIE) w i l l  be made frm the RBU tape. 
writ ten describing the'methcds and references used i n  t h i s  compilation 
of cross sections. 

A document is being 
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Instrumentation and Systems Studies 

Ructher PRCF hazards studies reqplre determination of reactor behavior 
following accidental l o s s  of l i gh t  water coolant. The PRCF simulation 
has been programmed and checked out on the EASE analog computer. 
four mns which are  t o  be made f o r  this study was cmpleted. 

Tape recording and noise analysis equipment was specified fo r  reactor 
l a t t i c e  physics studies. 

Specifications were canpleted fo r  a high leve l  radiation detection system 
fo r  use with the  ce l l s  of FRPP. 
purposes, has not been received. 

The printed c i rcu i t  card f i l e  and detector probe were completed fo r  the 
experimental f i n d  model s c in t i l l a t i on  so l id  s t a t e  l iqu id  effluent gamma 
monitor fo r  PRTR. 

One of 

. .  

One picoammeter, ordered fo r  tes t ing  

Detailed drawings were completed fo r  the probes. 

The complete electronic instrumentation system was established fo r  the  
underwater gamma scanner f o r  PRTR fuel rods and wire. 
of the electronic system were favorable. 

R e l i d n a r y  t e s t s  

HIGH TEMPE3ATlk.E REACTOR LATTICE PHYSICS PROGRAM 

The Project Proposal for  design funds and i t s  attached Summary Design 
Criteria were completed and circulated fo r  approval signatures. 

Work on the  Final Design Criteria i s  progressing. 
May 1, 1963, is  scheduled. 
acquisition, data logging, and nuclear safety systems were developed fo r  
this document. 

A completion date of 
Cr i te r ia  fo r  the  n u c l e q  instrumentation, data 

NEUTRON F'LVX MONITORS 

Production Test IP-564-D has been formally approved fo r  the  i r radiat ion 
of cobalt, plutonium and uranium samples in conjunction with the experi- 
mental e v a l u t i o n  of the  regenerating detector concept. The f i r s t  group 
of samples w a s  charged in to  the  central, water-filled tube of t he  2B 
Magazine f a c i l i t y  at KE Reactor early i n  the month. A t  t he  present tlme, 
the  samples have received a sufficient exposure and w i l l  be discharged at 
the next outage. Data from t h i s  i r rad ia t ion  t e s t  w i l l  be used t o  deter- 
mine the neutron f l u x  parameters r, T, and @ such that subsequent regenerat- 
ing detectors can be fabricated with the  optlnsl  c a p o s i t i o n  fo r  a par t i -  
cular environment. Fabrication techniques fo r  construction of actual re- 
generating elements are being studied. 

I 1 0 3 0 9 1  



B-18 

were used as reference sett ings.  
were used which gave f a i r l y  l inear  readings from 1.1 t o  3.6 volts .  
d-c readout w a s  adjusted t o  give readings from two t o  six vo l t s  with these 
shims. 
one of the lOg gave a reading that w a s  considered larger than w h a t - w o u l d  
have been obtained frm a .005 inch thickness of paper. All the  r e s t  of 
the elements tes ted  are believed t o  have not more than ,001 inch of wide.  

Shim thicknesses of .002 t o  .006 inch 
The 

The cores were tes ted at one position over t h e i r  full length. Only 

' 

A new retractable probe for  th i s  and similar applications was conceived, 
fabricated and tes ted.  
b i l i t y  of readings, and it can be inserted and withdrawn f ran  the  cores 
with l e s s  wear on both the core and the t e s t  c o i l  muunting. 

Heat Transfer Test inq 

Experiments are being performed t o  determine optimum conditions fo r  heat 
A time of 

three seconds from the time heat is applied is  required before signals due 
t o  end-cap t o  core bonding defects appear a t  the surface where they can 
be detected. Variations of rotational velocity did not affect  the signal- 
to-noise ra t ios .  .Good sensi t ivi ty  t o  1/4 inch diameter a r t i f i c i a l  defects 
positioned at  noininal unbond depth i n  a dummy t e s t  piece was demonstrated. 

Use of the new probe resu l t s  i n  greater reproduci- 

; t ransfer  tes t ing  the end closures of N-reactor fue l  elements. 

Test pieces used i n  these experiments were fabricated by d r i l l i ng  longi- 
tudinal, f l a t - b o t t m  holes of the desired depth i n  the end of Zircaloy-2 

thermal d i f fus iv i ty  of Zircaloy-2 is  approximately equal t o  tha t  of uran- 
ium, these so l id  Zircaloy cylinders should give apprcolimately the saae 
resul t  as Zircaloy clad uraniun fuel elements having defects i n  the end- 
cap t o  core bond. 

4 -. cylinders of the same geometry as N-reactor fuel  elements. Since the 

Zirconium @ b i d e  Detection 

The breadboard eddy current equipment fo r  detection of hydride i n  Z i r -  
caloy-2 has been further improved. 
magnitude of background variations i n  signal caused by both local  and 
general differences in non-bydrided Zircaloy-2 process tube' samples 
nals expected t o  result frcan 2000 ppm hydride content a re  about twice as 
great as background signal variations detected within each sample. 
ences in signals from different tube samples having ident ical  history and 
residual cold work, were about 1.6 times as great as the 2000 p~pn hydride 
signal. 
possible e i ther  by using direct  electronic means, or by comgaring signals 
w i t h  pre-service signal recordings. 
samples, having different residual cold work levels  and his tor ies  than the 

*! 

Tests are under way t o  determine the  

Sig- 

Differ- 

Compensation for such background signal variations should be 

Results of t e s t s  on three process tube 

DE D 
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others, indicated that cold work and history did not affect  the signal as 
much as other factors.  
detection equipment suitable fo r  tes t ing  larger  numbers of process tube 
samples is pa r t i a l ly  complete. A commercially available hydrogen detector 
w a s  evaluated, but w a s  found not applicable t o  nondestructive detection of 
the amount of hydrogen picked up by Zircaloy-2 process tubes. 

Variations i n  output of the breadboard c i r cu i t s  due t o  s t ray  capacitive 
coupling were reduced by improvements i n  c i r cu i t  layout. Solid state 
diodes, used in the  phase detectors that determine r e a l  and Fmaginary 
deflections i n  the cmplex plane signal display, were found t o  be a source 
of noise and long-tern d r i f t .  Replacement with vacuum diodes impraved the 
performance of the system. 

Fabrication of prototype eddy current hydride 

Differences i n  eddy current signals fo r  different  samples were calibrated 
i n  terns  of apparent differences i n  e l ec t r i ca l  conductivity. The maximum 
difference between process tube samples having the same leve l  of residual 
cold work and history was about four micro-ohm centimeters. Max- dif- 
ferences in r e s i s t i v i t i e s  of two tube samples having 354 residual cold 
work and those having I$ residual cold work was about 1 .5  micro-ohm 
centimeters. 

Fundamental Ultrasonic Studies 

The analytical  studies describing the  propagation behavior of plane, 
continuous ultrasonic waves incident on a liquid-liquid interface are 
cmplete.  
l iqu id  boundaxy were analyzed and cmpared. The three conditions studied 
were the  cases of no attenuation i n  e i ther  l iquid,  attenuation present i n  
only the  refract ing liquid, and attenuation i n  both liqpids. Caparison 
of the ref lect ion and transmission coefficients and the attendant phase 
shifts fo r  the three cases showed only minor differences. The presence 
of attenuation i n  the refract ing l iquid,  however, was found t o  change the 
f o m  of the refracted waves. In  the case where neither l iquid was atten- 
uating, it was found that when the incident angle exceeds the  c r i t i c a l  
angle, the refracted wave becomes an inhomogeneous boundary wave with an 
amplitude which decreases exponentially along the  wave fronts.  An important 
difference exists when the ef fec t  of attenuation i n  the refracting l iquid 
is  included. It was found that in this case the refracted wave was inhomo- 
geneous at - all angles of incidence, indicating that boundary waves are not 
formed. 
decreasing amplitude along the  wave fronts i n  addition t o  attenuation i n  
the direct ioa normel t o  the weve fronts.  The cmbined effect  resu l t s  i n  
a plane wave which has attenuation both in, and normal to,  the direction 
of propagation. Ecperimental investigations of these wave behaviors are 

Three conditions pertaining t o  the  wave behavior at the liquid- 

The inhomogeneous refracted waves always have an exponentially 
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being undertaken. 
and kerosene are being separately measured fo r  their  respective acoustic 
properties. 
l iquid boundary studies is ccanplete and the ccmponents are being assembled. 

As a first par t  of the experimental work glycerine c 

The fabrication of the eqyipment for  the detailed liquid- 

* USAEc-rnL coOm1vE PROGRAM 
4 

Ilondestmctive Testing of Sheath Tubing 

Time scheduling and propam planning of the AECL cooperative program are 
being accelerated t o  ensure that the results of t h i s  program may be ap- 
plied with maximum benefit t o  the over-all Canadian nuclear fuel program. 
Under  the new schedule, a complete electronic and mechanical prototype 
test  system w i l l  be cmpleted by year's end. 
procedures w i l l  be documented early in CY 1964, followed by a comprehensive 

; terminal report by the  end of FY 1964. 
theoret ical  aspects of ultrasonic waves propagating i n  t h i n  curved metal 

. sections is planned for  early 1964. 

Tes t  specifications and t e s t  

An additional report discussing 

Fr inc ip l  experimental investigations are  on small, sharply focused trans- 
ducers as applied t o  0.017 w a l l  thickness tubing. 
are obtained w i t h  3/16 inch diameter spherically focused l i thium sulphate 
crystals whose radiated ultrasonic beams are only eight mils,  or about 
one-half the tubing w a l l  thickness, i n  diameter. Under this experimental 

; arrangement reproducible resu l t s  have been obtained which substantially 
confirm a previous conclusion that circumferential waves propagate i n  a 
"saw-tooth" pat tern rather than in a Lamb wave mode. ~ 

With the  bean aligned so as t o  generate shear waves whose direction of 
propagation is forty-five degrees with respect t o  the  tube surface, one- 
half m i l  deep notches are  detected with a 10-to-1 signal t o  surface noise 
ra t io .  

To date, best resu l t s  ' 

Inner and outer surface notches are detected w i t h  nearly the  sane signal. 
amplitude when the beam is  adjusted such that it enters the tube surface 
at i ts  focal point. 

A 3 mil wide, 5 mil deep notch responds with nearly the  same amplitude 
as does a notch 17 mils wide and l m i l  deep. 
t ion of defect s i ze  appears t o  be f a i r l y  l inear ,  if one takes in to  account 
the effective defect area that i s  seen by the ultrasonic beam. 

In practice, however, such a response curve is of l i t t l e  value since 
natural  flaws may occur with random orientation. Therefore, other inspec- 

Signal. response as a f'unc- 
c 

4 
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t i o n  techniques whose sens i t iv i ty  is l e s s  dependent upon defect orienta- 
t i o n  are be- ecplored. 

One technique being evaluated orients the bean normal t o  the tube surface, 
such that pulses of longitudinal energy are excited in the  tube w a l l  which 

As they emanate from the transducer, the pulses contain a wide frequency 
band width; once inside the metal, however, they are f i l t e r e d  by the tube. 
Only those frequencies which resonate with the w a l l  thickness are reflected 
back t o  the transducer, hence the frequency characterist ics of the decay- 
ing reverberation pattern changes with time. It is observed, however, 
tha t  th i s  reverberation pattern i s  character is t ical ly  altered by small 
defects located e i ther  on the surface or i n  the tube w a l l .  
being made t o  interpret  and u t i l i z e  this change f o r  defect detection 
purposes. 

- 
a. 

% reverberates between the surfaces for  a re la t ive ly  long period of t i m e .  . 

A t t e m p t s  are 

i 

4 

. 

- . 

The second method under consideration uses two.crystals, one t o  send a 
bean of shear waves at 45O with respect t o  the  tube w a l l ,  and the other 
t o  receive th i s  energy a f t e r  it has t raversedthe  tube. The geometry 
of the beam path makes this system re la t ive ly  insensit ive t o  defect orien- 
t at ion. 

A third system using ultrasonic ref lectors  is  a l so  being evaluated. 
method posit ions the crystals  on the inside of the tube permitting the 
tube t o  serve as i ts  own container of coupling l iquid.  If successful, 
this approach w i l l  simplify crystal  alignment and mechanical scanning 
requirements. 

This 

A basic objective of the AZCL Cooperative Program i.s t o  develop a theoreti-  
c a l  understanding of the behavior of ultrasonic waves i n  tubular geometries. 
T o t h i s  end extensive analytical  e f for t s  are being made t o  develop a 
frequency equation which describes waves moving cir-erentially i n  a 
hollow cylinder. The approach is  patterned a f t e r  Lanb's solution t o  the 
f l a t  plate  problem, except the equations are  expressed i n  cylindrical  
coordinates t o  accCPmPOdate tubular geometries. An exact, but extremely 
cumbersme equation iwolving sixteen Bessel function terms has been ob- 
tained. When the  variable radii i n  this expression are allowed t o  go t o  
infinity, the  expression reduces t o  Lamb's f l a t  plate  expression, as it 
should. Attempts are  presently being made t o  f ind methods of putting this 
equation in more usable form. 

A second derivation by somewhat different mathematical steps, starting 
with the basic s t r e s s  and d i s p l & m e n t  equations of e la s t i c i ty ,  gives the  
same answer. 
of simplifying it that are being t r ied .  

The equation is  lengtby, and there are several possible ways 
This work indicates that the fre-  

e 
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ency eqaation may be factorable--at l ea s t  under sane circumstances. When r or i f )  the factorization can be accmplished, it would show there are  two 
types of wives in the  hollaw cylinder, which cannot coexist, analogous t o  
Lamb's symnetrical and asymmetrical waves i n  a f l a t  plate.  

BIOLOGY AID m I C I N E  - 06 PROGRAM 

Atmospheric physics 

Analpis of atmospheric dispersion data collected Over the  past three 
years continued with emphasis on re lat ing measurements of dispersion t o  
meteorological variables. 
the s a u c e  near ground-level was the finding that the cross-wind dispersion 
sanetimes increases as a pcwer fmct ion  of distance, and sometimes does 
not. A g a r t i a l  resolution of t h i s  dichotomy has been found by analysis 
of w i n d  measurements taken damstream from the source. When the  wind 
direction variance increased c r  decreased markedly with distance, the 
cross-wind dispersion was generally mt a power f b c t i o n  of distance. 
occasions i n  which the wind direction vsriance remained essentially constant 
with d i e t a x e ,  the power function provided a good estimate. 

Previous reports have nctcd a lack of g o d  correlation between diffusion 
parameters and atmospheric s t ab i l i t y .  
ion parameters with atmospheric s t ab i i i t y  used the S tab i l i ty  Ratio; haw- 
ever, an Fmproved s t r a t i f i ca t ion  r e d t e d  when the bulk Richardson number 
was used and the  resu l t s  summarized i n  terms of time of t r ave l  rather than 
distance. 
t he  physical processes izwolved in  the dispersion phanomena. 

One of the nctable results of f i e l d  tests using 

On 

<5 

Earlier attempts t o  stratify diffus- 

Correlation equations are being smght that be t t e r  represent 

In work on t racer  technology, differexices between calculations of the 
Rankin counters were studied i n  re la t ion t o  t h e i r  application t o  multi- 
t racer  assay problems. The t o t a l  effect  on the counting rate of t racer  
material impacted on the  f i l t e r  reSaizling ring was shown t o  be l e s s  than 
2 percent, even when minimal f i l t e r  face veloci t ies  were used. There w a s  
no difference between counters i n  the retaining ring effect .  The studies 
a l s o  showed that Fmpsction f i l t e r s  c d d  not be assayed by Rankin counter 
techniques. 

Rec ip i ta t ion  scavenging studies progressed through s u c c e s s m  colnpletion 
of a d i f f i cu l t  scavenging f i e l d  trial during the month. Gross counting 
results indicate that approximately 85 percent of the par t ic les  scavenged 
by the  ra in  were larger  than 3.0 microns, whereas only about 39 percent 
of t he  par t ic les  in the  diffusing clcu3. were larger  than 3.0 microns. 
These resu l t s  -her confirm the ear l ie r  finding that very small par t ic les  
are  d i f f i cu l t  t o  ecaverge with nomially occmring raindrcp sizes.  

r 
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Dosimetry 

Study of the detection of beta rays emitted from the surface 

_ _  

of the bcdy 
cont-inued. Use of the large detector 
of the whole body counter as an anticoincidence shield w a s  very effective 
in reducing background counting rates .  

Two counters were made and tes ted.  

Calibration of the Shadow Shield counter f o r  measurement of ~n-65 was 
ccmpleted. 

The study of X - T a y  sc in t i l l a t i on  c a n t e r s  continued. The effect  of the 
earth:s magnetic f i e l d  on the response of the photomultiplier tubes and 
the amorint of magnetic shielding necessary t o  offset  it were determined. 
Some of the par t s  f o r  a large counter were ordered. 

A high voltage surge (probably from the be l t  charge power supply) damaged 
several parts of the terminal assembly of the V a n  de G r a a f f .  
were necessary fo r  the repairs.  Aside fromthis the accelerator operated 
sa t i s fac tor i ly  during the month. In the past, one part  of the accelerator 
plumbing has had t o  be changed back and f o r t h  t o  su i t  the needs of two 
different classes of experiments; a study was made that resulted i n  a 
method of el-ting the need f o r  this change; th i s  w i l l  save time and 
work. 

This work was begun a t  the Swedish Hospital last Fall. 

Three days 

The precision long counter t ha t  was sent t o  Mound and Argome laboratories 
f o r  canparison studies was returned t o  Hanford so that we could see if  any 
detectable change had taken place in i t s  characterist ics.  To our surprise 
a smal l  but detectable change had taken place. 
ent i re ly  c lear  because two different t e s t s  indicated changes, but the 
changes were i n  opposite directions.  

The s i tua t ion  is not 

Two plutonium-238-beryllium sources were received. 
t he i r  predictable r a t e  of decay t o  monitor the r a t e  of change of neutron 
emission of other sources and t o  use these very small mass sources t o  
obtain undegraded neutron spectra. 
mechanically stable.  

It is hoped t o  use 

Tests indicate that the  s m c e s  are  

The study of heat amplifier characterist ic curves a t  dry i ce  temperatures 
w a s  ended when it .was found tha t  t o  obtain appreciable amplification it was 
necessary t o  use the  thermistors under conat ions in which they became 
unstable. 

Calorimetric measurement of the specific pmer output of one promethium- 
147 source w a s  completed. 
checked. 
measured. 

The calibration of the calorimeter is being 
The resu l t  was lower than expected so another sample w i l l  be 

. I . .  . .  
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Instrument at ion - 
Further calculations were made t o  evaluate the  use of multiple sol id  state 
detectors, with moderators and fo i l s ,  fo r  neutron dose meter sensors. 
Results t o  date confirm the feas ib i l i ty  of this novel technique. 
invention report was prepared arzd submitted. 

An 

The platinum f iber  and conilucting Teflcn center rod sensor of the recharg- 
ing pocket dose meter were q o s e d  t o  a Cobalt-60 source fo r  eighteen days 
of continums recharging before any f iber  st icking occurred. This period 
equates t o  1?,000 recycling operations or a tctal dose of 1700 roentgens. 
Several dcse meters are now being assembled t o  conclusively t e s t  the 
new s e m m  configuratin.  

Methods of modulating the biology d&a telemetering transmitter with 
heart beat and respiration infonnation have been favorably tested.  In 
order t o  circumvent the need f o r  unavailable transducers, t e s t  signals 
were generated which siutulated the desired inpats. 
was s tar ted on a breathing rate and volune measuring device t o  be employed 
in the sane system. 

In addition, work 

Continuhg experiments are investigating the use of t h in  CsI sc in t i l l a t ions  
detectcrs fo r  airborne alpha monitoring applications. A ser ies  of t e s t s  
were made d u i n g  several atmospheric temperature inversions t o  determine 
the  effects  of radon-thoron level  cbanges. 
and a pulse height analyzer were used t o  determine the alpha energy spec- 
trum cf several millipore f i l t e r s  on which plutonium w a s  deposited. By 
lowering the discriminator level and widening the wix3lc;w width, a plutonium 
channel touting efficiency of 12 percent vas obtained. 

I13 addition, the  detector 

A second analyzer was adjusted t o  view the higher alpha energy radon- 
thoron contribution and a difference neter with alarm was comected between 
the  count rate meters of the t w o  charnels. 
out when a large atmospheric inversion OCCUTS. 

M h e r  t e s t s  w i l l  be carried 

Work was s t a r t e d  regaxding t.he three experimental in-field, real-time, 
phosphorescent par t ic le  detection instruments f o r  use in  air  diffusion 
and par t ic le  transport studies. 

An experimental i n s t m e n t  vas completed which contincouly measures 
f i ss ion  product contanination on a i r  f i l ters under high g m a  background 
conditions. The prototype is ready for  calibration. The instrument was 
developed t o  permit det.ection and signaling within t e n  minutes f o r  a 
fission product concentration of 1 x 10-9 w/cc w i t h  an air  flow of 10 
CFM in gamma f i e lds  exceeding 50 mr/hr. 
successful. 

Laboratory t e s t s  have been 



. .  

General detector and c i rcu i t  design retpirements were established f o r  
the measurement of microgram quantit ies of f i l t e r  entrapped beryllium and 
experimental fabrication of the system was started.  
ccmsisting of two opposed neutron and gamma sc in t i l l a t i on  detectors, w i l l  
be instal led i n  a glove box because of the potential  hazard associated 
w i t h  the  Polonium-210 alpha source t o  be used fo r  beryllium activation. 
A sol id  s t a t e  aznplifying and coincidence counting system w i l l  be used. 
Calculations indicate that l e s s  t.han me microgram of beryllium can be 
so detected on the  f i l t e r .  

The detection head, 

* .  

An experimental 100 megacycle sol id  s t a t e  amplifier was fabricated fo r  
fast counting investigations. 

A ncwel, l inear ,  solid-state count r a t e  c i r cu i t  was developed us ing  a 
conventional diode pump modified with a t rans is tor  emitter follower. The 
measured l inear i ty  was f 1 percent of full scale. 
was prepared and submitted. 

Two final m o d e l  emergency type pocket dcse meters, suitable fo r  use i n  
ganuna dose measurements fram about 5 t o  100 roentgens were fabricated . 
snd laboratory t e s t s  were started. The instruments use a 10 cc ionization 
chamber, one electraneter tube, and sol id  s t a t e  c i rcu i t s  fo r  meter indica- 
t i o n  of accumulated dose and f o r  t r ip- level  audible signaling purposes. 
The miniature exponential horn used with the audible signal portion was 
redesigned t o  provide an improved signal leve l  with a 12 decibel improve- 
ment obtained. 
leakage resistance properties of a polystyrene capafitor. 
resistance was determined t o  be greater than 5 x 1 0  

Redesigned detector probe l ight pipe shel ls  were obtained for  the rexperi- 
mental s c in t i l l a t i on  beta-gamma hand and shoe counter. The l a t t e r  instru- 
ment uses automatic gama  background subtraction t o  imprave sens i t iv i ty  
under re la t ively high background conditions. Six probeso four for  hand 
counting and two fo r  shoe counting, were assembled and general instrument 
testing started. 

Methods of reducing noise in photomultiplier tubes are being ixivestigated. 
Reduced noise i n  E24hSg536-B tubes are being obtained w i t h  anode currents 
of 7 x 
the base material. 

An invention report 

In e d i t i o n ,  t e s t s  were carried out t o  determine the 
The leakage 

ohms. 

amperes and 1500 anode vo1t.s by freeing the anode lead fram 
Further tests employing vibrating capacitors are planned. 

General cabling and w i r i n g  was canpleted f o r  the main portion of the 
experimental portable mast system fo r  Atmospheric Physics studies, and 
wiring was completed for the weatherproof cabinet t o  be located at the 
base of the mast. New relays were tes ted and instal led i n  the thermocouple 
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temperature measuring circui ts .  
testing of the paper tape punch c o i l  driving circui ts ;  the  fault was 
located and corrected. 

One fa i lure  occurred during long-term 

Wind speed and direction a re  being recorded from eight levels  on the 400 
foot Meteorology tower near 200-W Area. 
RMS deviations of the rectangular coordinate components of w i n d  velocity 
fran a 5-20 minute mean velocity vector. 
by hand, are used for  mairtaining-rclinatological records and estimating 
the diffusive capacity of the atmosphere. 
determine re la t ive  cost and technical merits of analog and d ig i t a l  methods 
of azitomatically handling atmospheric data. 
being written t o  definitely esta3lish the technical adequacy of the analog 
system. 
t o  sirmrlate actual wind conditions. 

The data required axe 5-10 second 

These data, nuw being calculated 

Studies are being made t o  

In addition, programs are 

Recordings of wind speed and wind direction w i l l  be taken i n  order 

WASHINGTON DESIGNATED PROGRAM 

Isotopic Analysis Program 

Isotopic a a y s e S  of program samples were’ pravided at an accelerated r a t e  
during the month through the  concentrated use of the vacuum-lock source 
mass spectrmeter.  

Work continued on the study of the scinti l lat ion-type ion detector using 
the ion test-bench. 
design Farmeters. 
spectrometer is i n  prcgress. 

A new ion source fo r  the mass spectrmeter was designed and is being fabri- 
cated. This ion sou-ce is designed t o  have a higher transmission t o  
improve the sample s ize  sens i t iv i ty  of the mass spectrometer. 

Experimental data were obtained t o  determine optimum 
Final. design of a detector fo r  use with the mass 

Avacuumlock device t o  allow rapid changing of samples is being designed 
t o  increase the  rate a t  which saniples can be U y z e d  on t h i s  mass spec- 
trometer. 

TEST REACTOR OPERATIONS 

Operation of t he  PCTR continued routinely during the month. 
unscheduled shutdown caused by faul ty  bypassing technique. 
t o  determine & data for  &-A1 (20$ 240), 19 one-half inch fuel element 
clusters in an 8 3/8-inch graphite l a t t i c e  was completed. 
measurements and f o i l  activation traverses were made. 
changed t o  a 6 1/2-inch graphite h t t i c e .  

There w a s  one 
The experiment 

Null react ivi ty  
The core is t o  be 

DECLASSIFISD 
1 1 0 3 1 0 b  



DECLASSIF\ED 
B-27 

.- 

Operation of the TllR w a s  on an Intennittent basis during the month. 
were no unscheduled shutdowns. 
vers i ty  cf Washington Graduate Center three nights during the month. 
i n  the month the TTR control and safety c i rcu i t ry  w a s  transferred t o  the 
c r i t i c a l  approach tank. Reparations are being made fo r  a new ser ies  of 
runs using b-Al Rrel, 1/2 inch rods in light water. 

There 

Late 
The TPR was made available t o  the  Uni- 

CUSTOMER WORK 

Weather ForecasMng and Meteorological Service 

Consultation service was r e d e r e d  on meteorological and climatological 
aspects cf 1) oxides of nitrogen and acid mist release i n  300 Area t o  
IHO, 2 )  low altitudesampling of fa l lou t  t o  CR&D, 3)  NPR Hazard Appraisal, 
and 4) environmental consequences of a major production accident. clima- 
tological data summaries were made, including 1) hourly taiperatures during 
the winter season for  calculating power requirements on overhead process 
l i n e s  t o  IPD, 2 )  pressure aad temperature data for  correlating with cosmic 
ray data t o  RPO, 3 )  pressure data f o r  p i l e  atmosphere regulation t o  IPD, 
4) hourly temperatures for  5-year period t o  Airefco, Inc., Portland, Oregon, 
5 )  June and July temperature and wind data t o  Safeco Insurance Company, 
Pesco, Washingtcvb, and 6 )  full record of July w i n d  speeds t o  cooperative 
observing station, Mesa, Washington. The 1963 Outlook f o r  discharge and 
temperature f o r  the Colmbia River at Hanf'ord w a s  distributed. 

3 Meteorological Services, viz., weather forecasts, observations, and clima- 
tological services were provided t o  plant operations and management personnel 
on a routine basis. 

On March 26, Hanford synoptic weather data began t o  be transmitted a t  
6 - h o ~ r i y  intervals  over the Mational Service "C" Teletype network. 
data are telephoned t o  the Seat t le  office of the  U. S. Weather Wrreau fo r  
teletype transmission and f o r  use i n  preparation of weather forecasts for 
the Tri-City Area. 

The 

Weather Summary 

Type of Forecast Number Made 9 Reliabi l i ty  

8-Hour Roductlon 93 
24-Hour General 62 
Special 170 

85 *3 
85.6 
88.2 

March was considerably warmer and s l igh t ly  wetter than usual. 
a high wind with gusts t o  65 mph on the 28th. 

There was 
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Instrumentation and Systems Studies 

Unsatisfactory temperature control of a uranium swelling capsule a t  100-KW 
again caused the loss of an experiment; however, the cause of the over- 

This - temperature excursion was i n  capsule design and not instrumentation. 
’* fact ,  coupled w i t h  a history of poor temperature control, has given impetus 

t o  a p r e v i a  recommendation that the system be analyzed thoroughly and 
simulated on the analog canputer. Computer simulation studies would pro- 
vide pre-irradiation determination of optimum control set t ings as well as 
elucidate the effect  of various parameter changes. Moreover, a system 
analysis and computer simulation would produce valuable data fo r  use i n  
a new capsule design. 

Advice was rendered Reactor Metals Research Operation on the design of 
a system t o  measure the activation energy of various irradiated metals. 
The proposed system w i l l  apply a t igh t ly  controlled ramp temperature 
increase t o  a specimen located i n  a calorimeter and continuously measure 
the power t o  the  specimen t o  determine and measure energy releases. 

- The d ig i ta l  control and readout system developed fo r  use w i t h  the creep 
* capsule micrgcs1ttor;er I continued t o  perform on-line at  100-Kw without 

incident. 

Construction of the creep program 96 point data logger i s  continuing. 

of the printed c i rcu i t  relay boards. 
of the finished board is  the symptom. 

Poor 
+ quality printed c i rcu i t  negatives has caused some delays i n  construction 

9nall p i t s  i n  the capper-cladding 

The Hanford Tes t  Reactor simulation contains f ive  spatial nodes for  which 
power and temperature are calculated. 
various react ivi ty  step and ramp Aulctions in to  the f ive  reactor regions 
and recording the result ing power and temperature excursions. 
attempts t o  run this problem on the  computer were unsuccessful due t o  
incorrect scanner operation. Useful resu l t s  have been obtained without 
the use of the  scanner) however, and these have been given t o  the custaner. 

The problem consists in introducing 

Same early 

A task network canputer demonstration problem w a s  programmed on the  CERA 
and demonstrated with good resul ts .  
f o r  an on-the-Job instrument which catl quickly and automatically select  
the c r i t i c a l  path of a number of tasks and w i l l  permit rapid assessment 
of the effects  of changing task durations and inter-relationships. 
nine-task sample problem w a s  &emonstrated on the general purpose analog 
cmputer. 

The task network ccnrrputer concept is 

A 
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Fabrication-assembly continued on two air  f i l t e r  counting systems, one 
for  Radiation Protection Operation use and one fo r  Chemical Development 
fo r  use at  IWP. 

Assistance w a s  rendered t o  CPD personnel regarding their  in te res t  in, 
and acquisition of, a coincidence-count alpha par t iculate  air monitor 
as a copy of t he  present f i e l d  prototype i n  use i n  the  308 Building. 

Assistance and consultation were rendered t o  CPD Radiation Monitoring 
groups regarding the conversion of t h e i r  present s c in t i l l a t i on  alpha 
f i l t e r  counters t o  the coincidence-count method. This conversion would 
eliminate the present required long delay f o r  radon thoron decay before 
plutonium contamination can be determined. 

Assistance w a s  rendered t o  Biology personnel regarding operation and main- 
tenance of the portable, sc in t i l l a t ion ,  so l id  state f i e l d  analyzer and 
monitor. 

optics 

Tests of the Electr ical  Readout Traverse Mechanism continued i n  the Optical 
Shop. mer se3eral electromicrometers were unsuccessfully tes ted in an 
ef for t  t o  properly match the sensing transducer i n  the EFtTM sensing head, 
an electromicraneter was modified such that it functions over the desired 
range. 
by adjustment of the position of the sensing transducer. 

i. 

Linearity was improved t o  be t te r  than one percent of full range 

A carrying case was designed and fabricated which fi:s on process tube 
nozzles and protects the ERTM from damage due t o  dropping or excessive 
bending forces. 
t o  the  system. 

A s h  rods and a second universal joint  were also added 

Specifications yere writ ten for  two l o w  threshold laser  rods which lase  
in the  infrwed. Studies were continued t o  determine a workable method 

-’ fo r  using gama rays t o  pump these rods. 

. 
4 

J 

Past month’s shop work included: 

1. Repair of two crane periscope heads f o r  Rrrex. 
instal led and the Furex crime periscopes were serviced and adjusted. 
Darkened erector lenses were replaced with clear lenses. 

These heads were 

2. Fabrication of a complex ultrasonic sample and probe manipulator w a s  
cmpleted f o r  Physical Measurements Operation. 



3 .  
4. 
5 .  

6 .  

7. 
8. 

9. 

Twelve Quartz rings were fabricated for  R a d i a m e t a l l u r g y .  
Four camera shutters were repaired for  Radiametallurgy. 
Twenty small lenses were made for  the automatic fi lm badge densito- 
meter . 
Several alundum ceramic bearings were sectioned fo r  Metal Fabrication 
Devel-ent . 
Five quartz insulators were fabricated for  Ceramic Fuels. 
Nearly 80 man-hours assistance w a s  given t o  Redox t o  c lear  up diff icul-  
t i e s  i n  the  operation of t h e i r  crane periscope. 
Two cylinder lenses were fabricated fo r  Ceramic Fbels. 

Physical Measurements 

Development of a two-channel prototype instrument fo r  monitoring PRTR fue l  
assembly vibrations has been completed. 
driver and receiver sections of a six-channel motion analyzer which w i l l  
be used, at  l e a s t  i n i t i a l ly ,  i n  the 314 Building mockup f ac i l i t y .  
cussions have been held with representatives of the Fuels Development groups 
f o r  the purpose of f inal iz ing the design of the special fuel element assembly 
with t h e i r  "built-in" sensing coi ls .  
expected t o  be aacomplished during March t o  assure that these elements w i l l  
withstand the  vibrational canpaction process. 
design of the readout switching and display circui t ry .  

A brief  investigation is being conducted t o  evaluate the possibi l i ty  of 
using a Model C cyclogreph eddy current t e s t e r  t o  obtain a rel iable  classi-  
f icat ion of fue l  elements with respect t o  gross differences i n  grain s ize  
and/or heat treatment history. Test coi ls  are presently being fabricated 
fo r  t h i s  t e s t  and the  evaluation is expected t o  be ccanpleted during April. 

Work on the evaluation of micro-displacemer?t readout systems t o  be used by 
Reactor Metals Research fo r  in-reactor creep measurements has been completed 
on all systems supplied fo r  evaluation to-date .  Analysis of data obtained 
during '!Zero Shift" tes t ing of a Physical Science Corporation Model TI-A-03 
transducer used with a Model 8 0 ~ ~  excitation snd readout system, w a s  comp- 
le ted  and the  results submitted t o  the customer i n  an evaluation report. 
Most of the performance characterist ics fo r  this system were unaffected by 
offset t ing the  e lec t r ica l  zero by as much as 0.035 inch. One significant 
exception was the  -1 scale range which was found t o  increase about 7.5$ 
f o r  0.035 inch of zero offset .  

Fabrication has begun on the  

D i s -  

Vibration tes t ing  of the  co i l s  i s  

Work i s  continuing on the 

Checkout of the  ultrasonic plutonium t e s t e r  is  complete and the  epuipment 
is  presently being instal led in a hood. 
is expected t o  begin new month's end. 
Plutonium Tester, describing t h i s  instrument, i s  nearing completion. 

Inspection of a plutonium specimen 
A document, HW-76866, Ultrasonic 

-- - 
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Equipment fo r  m a k i n g  t ens i l e  measurements of specimens at  elevated tempera- 
tures is  be- ordered. (1) Measuring 
the resonant frequency..of vibration t o  obtain Young's modulus, and 2 )  meas- 
uring the longitudinal and shear wave veloci t ies  of propagation t o  obtain 
Poissons' ra t io .  

Two methods being considered are: 

physical Testinq 

Testing service continued t o  increase during the month w i t h  emphasis on 
K-reactor process tube preinstal la t ion examinations. A t o t a l  of 13,392 
t e s t s  were made on 4,828 items representing 147,652 fee t  of material for  
a t o t a l  volume work load twice that of the previous month. 
dered t o  HAP0 operating departments remained steady at  thirty-two, not 
including two AM: contractors. 

Services ren- 

Tests were completed on all K-reactor process tubes on hand. 
flange work i s  being performed by reactor personnel pr ior  t o  the f i n a l  
inspection. 

Van Stone 

Field ac t iv i t i e s  included magnetic par t ic le  inspection of PRTR eye-bolts, 
fluorescent penetrant examination of converted f i e 1  element nozzles, 
zirconiumtube Van Stone flanges and Parker fittings on the  rear  face of 
lo5 DR. Vibration tests were made on PRTR process tube nozzles. Radio- 
graphic work was performed on assorted piping i n  100-B, 100-D, at the 
PRm, 1706 KER cel ls ,  165 Kw valve p i t  and 1240 building. 
radiographic services were rendered on the PRTR overhead crane, and on the 
a i r  receivers i n  100-F Area. Thickness measurements were made on raw and 
f i l t e r  water l i n e s  in 100-1) and on one t r a i l e r  transport tank. 

Modification of the ultrasonic t e s t  system was completed and tes t ing of 
100 tube l o t  of 0.422 inch O.D. Wrcaloy-2 tubes continued. 
tubes were rejected on the basis of signal indications exceeding the 
amplitude of ref lect ions received frm a one mil standard. 
were ver i f ied visually.  Modification t o  the Curtiss-Wright Immerscope 
w a s  made t o  allw higher t e s t  speeds for  the longitudinal t e s t .  
650 recorder was installed t o  record high frequency ultrasonic information. 

In addition, 

Ten of 38 

A l l  indications 

A Sanborn 

A techniqpe was developed t o  bond t e s t  co-extruded aluminum clad, aluminum- 
plutonium Are1 cores which a re  scheduled f o r  the C - 1  loop. Mechanical 
problems, which had been l imit ing factors in previous t e s t  applications, 
were eliminated with the  application of a specially designed weir t e s t  
tank. 

Specimens and specimen holders for  uranium aide-tungsten vibrapacked mater- 
ials are being designed f o r  the purpose of performing compression, tens i le  
and torsion t e s t s  at high temperatures. 

3 1 - 1  I 



+ Linear zoticn radiography development was cmpleted and t e s t s  were made 
on a =-foot aluminum GEE3 Graphite Irradiation capsule. 
inswed proper alignment of swage locking rings and other internal can- 
ponent s. 

This application 

. ANKOG COMPUTER FACILITY OPERATION 
' 
_. 

Analog camputer problems collsidered during the reporting period included: 

1. IWR Pressurizer-Injection System 
2. NPR Gas Coolant Flow 
3. ErR Hazards Analysis 
4. PRTR Hazards AGalysis 
5. Optimization Example Problem 
6. Task Metwcrk Coniuter 
7. 100-2) Reactor Two-Dimensional S w a t i o n  

B i d s  on the new analog ccanputer were received and reviewed during the 
month. 

EXghty-three pexen t  of, the  GEDA and eighty-eight .percent of the EASE 
equlpnent were i n  good operating conditioii th is  month. 
t i o n  was as follows: 

Computer u t i l i za-  

EASE 

192 208 Hours Up 

- GEDA - 
32 32 Hours Scheauled Downtime 

16 Hours Unscheduled Downtime 32 - 
2 56 256 H o u r s  Total 

Since the cmputers are zev in use on a two-shift basis, a th i rd  mainten- 
ance shift was sdcied. 
of the ccnnputers. 

This action has impraved the general r e l i a b i l i t y  

INSTRUMENT EVALUATION 

A maJority of the evaluat.ion tests were completed on the experimental 
sol id state portable radiation survey instrument which employs a recharge- 
able nickel-cadmium battery and both an aural signaling c i rcu i t  and a 
multi-range count rate meter. The unit can be operated 60 hours following 
a recharge, and p e r f c m c e  is acceptable from minu 10°F t o  plus 130°F, 
although some improvement in reading error  ma$ be required b e l m  O°F t o  
be fully satisfactory.  The instrument can employ as detectors regular 
GM tubes, miniature halcqen-quench GM tubes t.0 extend the  range t o  500 
mr/hr or more, alpha sciDti l la t ion probes, and various sc in t i l l a t i on  and 

: 
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proportional counter neutron detector probes. 
are emphasized. 

The complete drawings were updated and modified f o r  the sc in t i l l a t i on  
alpha-beta-gamma sol id  state hand and shoe counters. Seven are being 
fabricated fo r  Radiation Protection Operation by a caanmercial instrument 
fabricator. 
progress and tests being done. 

The drawings f o r  the 2 inch by 7 inch, p l a s t i c  housing, s c in t i l l a t i on  
alpha detector probes were checked and revised so Radiation Protection 
Operation can secure about $5,000 worth frm an of f -s i te  fabricator before 
July 1. 

General acceptance-evaluation t e s t s  were cmpleted on a production proto- 
type solid s t a t e  s c in t i l l a t i on  alpha "poppy" portable instrument. Thirty 
of the units are  be- made by an off-s i te  canrmercial instrument fabrica- 
t o r  for  Radiation Protection Operation. 

Evaluation testing w a s  s ta r ted  on a Victoreen Model 440 portable, vibrat- 
ing reed type,beta-garama dose rate meter. 

Rel iabi l i ty  and ve r sa t i l i t y  

A t r i p  was made t o  the of f - s i te  plant t o  observe the work 

, 

- 

Mansger 
PHYSICS AND INSTRUMENTS LABORATORY 
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CBEMICAL LABORATORY 

RESEARCH AND ENGINEXRING 

FISSIONABLg MAmIAIS - 02 PROGRAM 

IRBADIATION PROCESSES 

Effluent Water Radioisotope Studies 

The t e s t  cbmparing zirconium-clad fuel  elements i n  deionized-water 
cooled aluminum end zirconium reactor tubes was continued. 
a steady s t a t e  condition may not be coEpletely established as yet, 
s t e a d y  state values should not differ much from the present values. 
In the all-zirconium system the Cu-64 and Np-239 concentrations 
were down a factor of 2.5, Mn-56 w a s  down a factor of 4, As-76 
down a factor  of 5, P-32 down a factor of 9, and Na-24 down a factor  
of 40, compared with the s m e  zirconium tube w A t h  aluminum-clad 
fue l  elements. 
had P-32, As-76, lip-239 and Cu-64 concentrations essent ia l ly  un- 
chsnged, a-56 dcwn a factor  of 2, and Ha-24 down a factor  of 2.5, 
compared w i t h  values obtained wi th  aluminum elements. 

The half-reactor +xst a t  100-F Reactor comparing high-alum treated 
water wi th  low-alum treated water attained t e s t  conditions of 18 
ppm alum vs. 6 ppm alum on February 18, 1963. Since that time the 
Ga-72 conzntrat ions i n  the eff luent  from each side have differed 
by l e s s  thsn 6 percent while the Na-24 concentrations have shown 
no difference. Insofar as these two radionuclides are  indicators 
of corrosion rate,  the resu l t s  indicate no sign*ificantly different  
corrosion rates as a function of the different  amounts of alum 
used i n  the water treatment processes. 

Although 

The aluminum tube w i t h  zirconium-clad fuel elements 

Operation of 
plagued with 
of erroneous 

the water treatment p i l o t  p l m t  has continued to be 
instnunental sad other operating d i f f icu l t ies .  
instrumentation, water flow neasuremerts of the water 

Because 

Since treatnreat p i l o t  plant were found to be high by about 30 gpm. 
suf f ic ien t  water from this  plant w a s  not available f o r  the two 
tuber, service water was edded to  the c lear  w e l l s .  
of this, the suspended sol ids  concentration i n  the clear  well w a s  
two to three t-s that of the f i l t e r  eff luent  and effectively 
compromised the t e s t .  
separates the f i l t e r  into two sections was removed. 
t ha t  the s a d  had again shifted, result ing i n  uneven f i l t e r i n g  
efficiency. 

As a re su l t  

00. March 4, the aluminum baffle which 
It w a s  found 

Redistri tutlon of the sand i n  t h i s  fashion resulted 

a.4 r * a -  &#&@ 
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in irereased f i l t e r  effluent tur'cidity. 
pcten5ial WasureKents were d e  periodically on a l l  sh i f t s  which 
shod3 allow be t te r  ccntrol of the process. 

IXrring th i s  period zeta 

The search continued f o r  a coating which would effectively reduce 
the corrosicn ra te  of alumirum surfsces exposed t o  reactor cooling 
water. 
w a t e r  passed over duminum turnings a t  3 d/micute for  several days, 
follzw'mg which As-76 adsorption measurenents were made. 
these compounds showed promise. 
reduced &sorption by a f&cL,or of 10 when used a t  100 ppm. These 
two compcmds are crgmic, water dispersible compcunds. 
sturiies t o  determfre t h e  effectiveress of lower corcentrations of 
these mzteriels w i l l  be &e. 

= Tec new cacdidate inhibitor compcunds were added t o  95 C 

Two of 
Rust-Lick P7 aad Rust-Lick C both 

Further 

Effluest  Mcnitor 

.- 
- 

The icdine monitor w e s  placed back in operation a f te r  a prolonged 
outage dce to a fa i lure  of +,he sarple supply pump. 
e f f lue t t  were submi'Yted for  iodine ar?alysis for  calibrating the 
monitcr. An automatic sampling device i s  being designed which w i l l  
col lect  ss!~plm'during indicated high 1ocXr;e *activity such as might 
be expecked during a rup tue .  

Smples of the 

, 

Relesse Studies 
\ 

The experiments t o  determine the release of P o - a O  from irradiated, 
alvdzmi-canned bismuth cyliuders were s tar ted.  
ma in ,  an sir atmosphere a t  1300 C fo r  various periods of t*e. 
Pre1in;inu-y rseults irdicat2 tha t  the release of poloriiun w i l l  be 
s igcif icsnt  even for  very short heating periods. 

Tests are being 

SEPARATEITS EiROCESSES 

Dispcsal to Ground 

Water sanples were c.3tsized a d  acslyzed frcm eight farm wells 
located cn the Colu3ia  Easin Irrigation, Project j u s t  eas t  of the 
HanfGr3 ProJec',. Ttese wells are believed t o  be of suff ic ient  
de$h 50 tap a deep confined or  sed-confined aquifer kown t o  
ex i s t  C ~ U  the p l a t  shcre of the Columbia River, i f ,  in fact ,  the 
fonna5ion does extend k t o  the lo sa l i t y  of the wolls. 
resul ts  t o  date give 110 indicaticn t k t  contaminarts of Hanford 
oriqi', bave eztered +,he wells. 

eLergy s e a  to be Laturd-occurriag K-40. 

Analytical 

The rce~rimum gross bets ccmcentra- 
1 t im ok-cervea, 20 fe&xcurres per cc, was idcct i f ied by gamma 

Nitrate ion concentrations 
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were less than 3 ppn, and the tritium content was l e s s  than 2 pico- 
curies per cc. Additional samples w i l l  be obtained in the future 
to  detect  possible changes i n  concentrations. 

All ver t ica l  monitoring wells in the 241-A tank farm were logged 
with the highly sensitive gamma sc in t i l l a t ion  probe on March 15, 
1963, t o  determine changes i n  location aad magnitude of above- 
background (nominally ll00 cpm) counting rates  previously observed. 
In  addition, the probe was lowered down the s t a i m e l l s  of the two 
monitoring caissons. 
last logged on February 7, 1963. 
able fo r  monitoring, showed a counting rate of 43,000- cpm above 
Sackgroucd a t  the 20-foot level; th i s  well passes within several 
f ee t  of the cascade pipe between the lo5 and 106 tanks a t  the 20- 
foot  level .  
above background within several f ee t  of the b o t t o m  ( -@-foot level) ,  
and the No. 2 caisson, located southwest of the  106 tank, had a 
counting ra te  of 48,000 cpm above background a t  the 16-foot level,  
the same elevation as nearby waste t raasfer  pipes. 
data are being analyzed f o r  t he i r  significance. 

Core sampling of the u6-2-9 Recuplex c r ib  w a s  continued using s p l i t  
drlve-bar& samplers in place of the unsuccessful rotary core 
barrels.  
four of the eight planned semplicg locations. 
processed by Chemical Processing Department analytical  services 
personnel to evaluate the deposition of plutonium w i t h  depth. 

L i t t l e  change w a s  noted since the w e l l s  were 
Well No. 11, not previously avail- 

Both caisscns showed counting rates  of about 4,000 cpm 

The accumulated 
* 

To date, continuous 6-foot cores have been obtained from 
The cores are being 

4 1  

Redox Process Water Treatment 

The study of the Redox demineralizer system was completed. 
primary recommendation, contained i n  the report t o  be issued, i s  
t o  replace the degraded strong-base anion resin with a weak-base 
anion resin. 

The 

Use of Uranium(Ty) i n  the Furex Part i t ion Column 

Further studies were made on the ra te  of oxidation of plutonium(II1) 
to plutoaium(IV) in the scrub section of the Purex lB column under 
conditions expected when using uranium( IV) as parti t ioning agent. 
Results from experiments made a t  25 C were reported last  month 
(HW-76596 C ) .  
since the plant column operates i n  the 35 - 45 C range. 
mentally, an aqueous phase simulating tha t  in the scrub section 
and with plutonium i n i t i a l l y  all plutcnium(I1I) was contacted w i t h  
au organic phase pre-equilibrated w i t h  n i t r i c  acid t o  simulate the 

Further studies concerned the e f f ec t  of temperature 
Experi- 
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scrub section organic. 
as a function of contact time and used as an indirect  measure of 
plutonium oxidation. After 30 minutes' contact time (estimated 
aqueous residence time i n  the Furex 1BX column) a t  45 C, the distri- 
bution r a t io  (EO,) f o r  plutonium from an aqueous solution 4 M in 
n i t r i c  acid and containing ferrous sulf amate (present operazing 
conditions) w a s  0.09. With 0.02 H hydrazine instead of ferrous 
sulfeunate the E: was 1.1. For an-aqueous 2 - M in n i t r i c  acid and 
0.02 I in hydrazine, the Eo was about 0.6. These data indicate 
that,-at 45 C, .significantfy greater reflux of plutonium w i l l  occur 
in tihe 1EX column with hydrazine 88 the'only reducing or holding 
agent present than occurs with ferrous sulfamate present. 

The plutonium distribution r a t i o  w a s  measured 

FUEL HIEFARATION PROCESSES 

Uranltur: Surface Electrochemistry 

. Contirued use has been made cf EMF pleasurernents of uranium as an 
index of tLe cleaaliness and ac t iv i ty  of uranium surfaces. This 
index has been applied t o  a study of variables of importance i n  
the desmutting s tep following anodic etching in 5.4 H3P04 - 0.28 - M 

: HC1. j-. 

R a t e s  of deernutting and passivation of ursnium were measured i n  10 
and 12 M HNO 
passivaTion af the desmutted surface was f&nd t o  be the same in 
a l l  four cases (0.005 volt/min) althGugh the ra te  of desmutting 
increased with t eqe ra tu re  and n i t r i c  acid concentration: 8, 3, 7 
and 4 minutes, respectively, being required f o r  the"attainment of 
clean surfaces. 
active (-0.37 vol ts  vs. saturated calomel electrode in 0.5 - M NaC104 
at pE 5 . 5 )  than thoseobtsined a t  40 C (-0.30 vol ts) .  

a t  25 C and in 6 and 8 M HlTO a t  40 C. The rate of 

+-L 

The clean surfaces obtained a t  25 C were more 

The effects of-increaeed anodic etch time and of the concentration 
of n i t r i t e  in the desmutting solution on the behvlor  during de- 
smutting in 8 M BBlO 
the modis etc'ii td from 6 t o  20 minutes ( a t  a current density of 
55 amp/ft ) had no ef fec t  on the behavior durlag desmutting. 
Addition of 0.1 I urea ( t o  consume the n i t r i t e  i n i t i e l l y  present 
and that  formed &ring  the reaction) did not affect  the ra te  of 
desmutting but did iocrease the rate  of passivation by a factor  of 2. 

at 40 C were investigated briefly.  Increasing 

WASTe MANAGEMENT AND FISSIC?N PRODUCT EXTRACTION 

Trilauryl Amine Extraction of Neptunium and Plutonium from Purex 
1WW Solution 

In sent study flowsheet, hydrGine is added t o  1WW t o  reduce 

DECLASS ! F t E 
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neptunium(V) t o  neptunium(IV). 
extracted into au equal volume of 0.3 M t r i l au ry l  amine ( T U ) -  
Sol t rol  and co-stripped w i t h  one-half Tolume of 0.1 M oxalic acid. 
Successful reduction of neptunium(V) t o  neptunium( IVJ and subse- 
quent extraction w a s  accomplished by adding hydrazine t o  an intimate 
mixture of extractant and 1 W W  solution. 
necessary i n  pleat  operatioo. 

Destruction of oxalic acid i n  the s t r ip  solution w i t h  n i t r i c  acid 
i s  planned i n  a plant test of the recovery procedure. The reaction 
of oxalic acid with n i t r i c  acid i n  the 7 - 11 M range w a s  found t o  
be f irst  order with respect t o  oxalate concentFation. About s i x  
hcurs were required t o  reduce oxalate concentration from 0.01 t o  
0.001 - M i n  boiling 10 - 11 - M HNOj. 

The solubi l i ty  of TLA i n  the s t r i p  solution (0.1 M oxalic acid) 
w a s  found t o  be negligible when measured by a tecLique developed 
previously a t  ORNL (Om-1734). Contamination of Purex solvent by 
TIA due to  the so lubi l i ty  of TLA in  the oxalate s t r i p  solution 
does not appear t o  be a problem. However, because of the possi- 
b i l i t y  of introducing TLA into Purex solvent v ia  entrainmnt  of 
extrsctaat  in the oxalate s t r ip ,  studies are in  progress to deter- 
mine the e f fec ts  of small amounts of TLA on the performance of 
Arrex solvent. 
volume percent TLA i n  the Purex plant solvent w i l l  not lmpalr 
plutonium stripping i n  the lB column. 

CSREX Process-Labratory Studies 

Neptunium and plutonium are co- 

This procedure may be 

Plutonium retention t e s t s  indicate tha t  up to one 

Further tracer-level mix+r-settler runs were made tes t ing  CSREX 
Flowsheet No. 2 conditions. Under extraction column conditions, 
chromium decontamination factor  was only 18. This i s  lower than 
expected since chromium decontamication factors  greater than 1000 
have been obtained previously i n  the D2EHPA flowsheet (BAMBP not 
present). Y t t r i u m  loss i n  the extraction column was about seven 
percent; less than 0.5 percent of the yttrium m s  stripped i n  the 
partition column. 
washing conditions i s  currently under study. 

Behavior of yttrium under s t r ip  column and solvent 

.- CSRW Process -Errginee ring Studie s 

An unsuspected degradation reaction of the CSREX solvent was 
observed during a routine 1C column run. 
operation using a stripping solution of 1 

102 gas was observed i n  the vapor space of the column. 

A f t e r  about one hour of 
HHO the solvent beg= 

No reaction 
t o  darken md soon becane a very dark reddish b 2' own. A trace of 
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was  observed i n  e i ther  a preceding o r  a following run using 0.5 ,M 
HNO . 
t o  aave decreased from the nominal 0.5 M t o  0.14 M, confirmed both 
by analytical  t i t r a t i o n  and by the cesi& d i s t r i b h o n  r a t io .  

The BAMBP concentration i n  the degraded solvent was found 

- 

i' 

c 

Laboratory studies and a review of the p i l o t  plant solvent history 
suggest tha t  the degrsdstion w a s  caused by nitrous acid, apparently 
introduced in to  the  system by a synthetic alkaline waste supernate 
heel l e f t  over from ea r l i e r  s u p e r n a t e - W P  runs (see the January 
monthly report, HW-76315 C). 

It has been postulated tha t  the degradation involves a two s tep 
reaction: first w i t h  nitrous acid t o  produce a nitroso compound 
and then w i t h  n i t r i c  acid t o  form a n i t ro  compound, releasing 
nitrous acid f o r  further reaction. 
the apparent auto-catalytic e f fec t  observed i n  the p i l o t  plant and 
laboratory studies.  Nitrous azid removal techniques are currently 
being sought as a means of protecting the solvent from degradation. 

This explanation agrees w i t h  

BAKBP Extraction of Cesium - Laboratory Studies 

H i g h  s t r ipping *column losses were experienced in. previous p i l o t  
plant  pulse column studies on the use of 0.75 M BAMBP-Soltrol t o  
remove cesium frcm syrthetic stored waste supeGate. 
w a s  suspected t o  contain some dipicrylsmine (DPA)-nitrobenzene from 
earlier studies and cesium loss  was a t t r ibu ted  t o  reduced cesium 
str ipping rate because of the DPA. Recent batch contact studies 
with laboratory solvent showed tha t  the presence o f * a  s m a l l  amount 
of DPA-Soltrol i n  BAMBP-Soltrol does not al ter the cesium stripping 
rate. 
from the laboratory solvent but the p i l o t  plant solvent retained 
more cesium, perhaps due t o  solvent degradation products. 

The solvent 

$ 
: 

Cesium stripped as rapidly from the p i l o t  plant solvent as 

Treatment of Purex Stored Waste Sludge 

Efforts toward developing a flowsheet fo r  the treatment of Purex 
process stored waste were continued. 
emphasized leaching the sludge wi th  comglexing agents such as 
c i t ra te ,  tartrate and EDTA ia 81). e f fo r t  t o  remove strontium without 
dissolving the i rcn.  
remove much of the sodium salt content. 
leached w i t h  a solution contalning the complexing agent. 
data are available only for  citrate leaches. Complexant concentra- 
tion, leaching time, temperature and f i n a l  pH were variables studied. 
Maximum strontium remval obtained was 75 percent; about seven per- 
cent cf the iron was a l s o  dissolved. It i s  of in te res t  t h a t  about 

Experiments t h i s  month 

The sludge was leached f i r s t  w i t h  water to 
The remaining sludge was 

Analyticsl 
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1 5  percent of the strcntium in  the sludge is very res i s tan t  t o  
leaching. Even hot 6 M HNO f a l l s  t o  remove t h i s  strontium. - 3  
W a s t e  Packaging 

Experiments were conducted to prcvide data fo r  estimating the 
magnitude of off-gas clean-up requirements in a waste packaging 
system elrploying granular inorganic ion exchtmge media. In the 
system, e loaded zeol i te  bed is t o  be dehydrated by passing hot, 
dry air  through it a t  about 20 bed volumes per minute. 
fires can be expected t o  be carried into the off-gas l i nes  during 
t h i s  dehydration step. 

Three different  zeol i tes  were evaluate& a t  600 F with e gas flow 
rate of 20 scfm thrcugh a one-cubic-foct, 8 - m h  diameter bed. 

a 17-hour period. LOW off-gss dust loadings of 1 x 10-5, 6 x 10' 
and 9 x 10-5 grains/cu.ft were obtaiced f o r  Linde 4A, c l incp t i lo l i t e  
and Linde 13, respectively. Par t ic le  size dist r ibut ion informa- 
t ion  indicated tha t  the synthetic zeol i tes  are  more s table  than 
the naturally occurring clincptiloliA%z. 

Some 

I s o k k e t i c  cff-gas samples were taken on Millipore f i l t e r s  over 4 

Cesium RercdPal from Alkalire Supernates 

Revised e s t i m t e s  of tiigh l eve l  supernatant waste compositions for 
A, SX and S tmk f m s  were &e, based on recent analytical  
r e su l t s .  
on a stored waste volume of 150 gallons per ton cf uranium and 
includes a smsll expected dilution. 
t h i s  waste is 4.4 mclar, corrpmed t o  tke 9.0 mol= value tha t  has 
been used previously. Ion exchmige lcading of cesium on Linde 
AW-$09 based on tke cew waste ccripositicn is &%out double tha t  
obsexved f o r  the cld ccmposition, and flow ra tes  can a lso  be 
doukltd. 
at a f l c x  rate cf fcur colwm w l w s  per hour. 

: 

The revised ccmposition fo r  A farm supernates is based 

The EodiUIIl ecncentration of 

Breakthrough of eesimc t o  1 percent was 50 cclumn volumes 

A 1:l dilut ion cf SX farm superrstant waste is used which brings 
the w s i t e  volume to lo00 gallons per toa of uranium. 
breakthrough for a synthetic wsste of this concentration was found 
at 8, 17, 20 eud 22 c0lv.m vclums f o r  c l inopt i lo l i te ,  AW-400, 
Duolite C-3, Eind AW-500, respectively, a t  a flow ra t e  of two 
column volumes per hour. 
eluted from the column by 4 M (XH ) C03 with 4, 10 and 15 coluum 
volua~es for  Duol1t.e C-3, cl izcp%i$ohte  and AW-500, respectively. 

The 1 percent 

Ninety-five percent of the cesium w a s  

Cesium 1Q6dILgS for  S farm synthetic supernatant w a s t e  are similar 
t o  thcse fcr SX f s r m  wastes except the Duolite C - 3  shows th2 highest 
loaciLgs 0 
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Samples of 10 to 60 mesh beads of c l inopt i lo l i te  received from 
Minerals and Chenricals Ph i l l i p  Corporation were tested w i t h  a syn- 
the t ic  F W  w a s t e .  
of crushed par t ic les  of c l inopt i lo l i te ,  ref lect ing di lut ions by 
the binder. Loding kinetics were good and about the same as 20 
t o  50 riesh par t ic les .  
beading, and gassing with some fracturing occurred when the acid 
waste contacted the exchscger. 
i n  less a t t r i t i o n  and f ines  production than crushed par t ic les .  

Fission Product Packaging 

Smples cf Linde 1% a d  AW-400 loaded with Cs-137 and 1% loaded 
with sr-85 were heated a t  &C C wiC,h continual a i r  flow f o r  17.5, 
hours. 
estimated fcr d r y k g  the lca6ed storage colunms. The amount of 
Cs-137 or  sr-85 vaporized during the heating period varied from 
0.01 t o  0.1 percent. 

Cesium loading was about 20 percent below tha t  

The d n e r a l  was not acid-treated before 

This type of product should r e su l t  

Tnis is  the s a n e  temperature but a longer t i m e  than i s  

Storage of Cesium and Strontium on Zeolites 

Preparatioas w&e conpleted during the month f o r  - ful l - level  B - C e l l  
t es t ing  of the Hanford Waste Managenect zeo l i te  storage concept. 
Major areas of uncertainty which the hot-cell  experiments are 
expected t o  resolve are (1) the extent md severity of the pressure 
build-up due t o  radiolyt ic  gas production, and (2) the effect ,  if 
any, of radiation on efficiency of adsorption of the r ad io i so top  
and on ease of re t r ieva l  from a e  bed. 
of fission product strontium ccntaining 7500 curies of strontium-90 
w i l l  be adsorbed cn an ins+,mmented bed of Linde 4A approximately 
2.5 inches in diameter by 14 inches high, the  bed w i l l  be dried 
w i t h  heated dry air uslag the proposed plant drying cycle, then 
sealed u d  heated to  3ie temperature (600 C ) which decay heat w i l l  
generate i n  the large units. 
temperature for  a prolonged storage and observation period and then 
eluted. 
equipment or  of the air heater (coneeiv8ble plant operating errors)  
and determfne severity of the consequetces. 

.c 

In the  f i rs t  run, one mole 

This bed w i l l  be maintained a t  t h i s  

Later experiments w i l l  simulate failure cf t?ae a i r  drying 

Ex-cell t e s t ing  of the experimental c s t r i d g e s  revealed several  
design deficiencies. 
T i p e r s u l  insulation, the temperature drop (200 C )  across the  bed 
w a s  excessive, suggesting e i ther  t h a t  the T i p e r s u l  i s  a poorer 
insulation than claimed by the maaufacturer, and/or t h a t  the  zeol i te  
is  a better insulator than expected. The lat ter,  if true, w o u l d  
have an a v e r s e  e f f ec t  on the allowable size  of plant-scale containers. 

Using 6p axial heater and 3/4-inch of external 
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Unfortunately, the experimental arrangement used w a s  not suitable 
for  quantitative evaluation of the two materials. 
was modified t o  use an external copper block jacket heated with 
two Calrod heaters (with the ent i re  assembly surrounded by 1-1/2 
inches of Thermoasbestos pipe i rsulat ion)  . 
a t  a bed temperature of 600 C were reduced to  an acceptable 10 - 
20 c. 

The design 

Temperature gradients 

Denitration of Purex Waste 

Tests werevcompleted on the use of several Moses Lake crude beet 
sugar concentrates and Hawaiian cane sugar molasses as substi tutes 
f c r  refined sugar. A l l  gave similar resu l t s  and were fu l ly  equiv- 
a lec t  t o  sucrase. Use of the molasses wculd reduce reagents costs 
by an e s t h a t e d  factor of 2.6. 
c r u - 5 ~  ccnzeotrates, if strontium-90 is  to be recovered from the 
denitrated waste, is  the presence of traces of calcium (which 
would reduce the capacity of the DZEHPA process). 
should, however, be readily removable from the syrups by f a i r l y  
simple treatment with a cation exchange resin.  

A pcssible disadvantage of the 

Trace calcium 

Prolrethium Shielding Measurements 

A lead shielding curve was determined experimentally by measuring 
the radiation dosage from a 1270 curie Pm-147 source through 
various thicknesses of lead. Results were i n  excellent agreement 
with calculation. 
curies of RE-148 a d  0.1 mill icurie of pm-146 contaired i n  the 
two-year old material. 
additional pericd of cooling. 

Kost of  the observed dose w a s  from the 0.9 m i l l l -  

The experiments w i l l  be repeated a f t e r  an 

In other experhents, the oxide formed by the 750 C ignit ion of 
promethium oxalate was shown, by weighing and t i t r a t ion ,  t o  be 
accrrrataly represected by -03. 

A paper, "Detection of Pm-146 Among the Products of Uranium Fission," 
by Roberts, Uheelvright and Van Tuyl has been submitted t o  the 
Journal of Inorganic and Nuclear Chemistry. 

Low Blow Meterbn MDS 

Design, fabricaticn snd testilig of two low flow metering pumps 
have been completed, arid the pumps have been sent t o  the plutonium 
processing p l a t  fo r  instal la t ion.  
principle fo r  rezo7ing precise qusntit ies of l iquid frcm a reservoir. 

The pumps employ a "dipper" 
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Control of rotat ional  speed, tube size, and reservoir depth provides 
a range of flows from 28 t o  65,000 ml per hour. 
tact adjustment, flow reproducibility of i 0.02 percent was obtained. 
With remote control, the reproducibility was f 0.5 percent. 
s i l tpl ic i ty  of design and absence of wearing par ts  in the pump itself  
result i n  a very rugged metering device with a long l i f e  expectancy 
and v i r tua l ly  no maintenance. A current l imitat ion of t h i s  type of 
pump is  the fact t h a t  it does not deliver f l u i d  against a back 
pressure. 
some additional work i s  planned t o  develop a sui table  modification 
allcwlng use of the pump i n  a greater var ie ty  of applications. 

Using d i r ec t  con- 

The 

For many process uses t h i s  is  not  a requiremnt; however, 

ArroCic Fassivation Studies 

Studies cn the anodic passivation of 304-L s ta in less  steel  i n  
NHbF-ry+! NO 

Zirf lex decladding. 
f o r  304-L i n  4 M N€I$'-O.5 M NH NO . 
shown w1t.h a c r i t i c a l  ( F l d e )  bt&ial and current of -450 mv (vs. 
SCE)  and 1 ma/sq.ln., respectively. 
about 0.01 coulombs/sq.in. w&s required t o  form the film. The film 
dissolved rapidly whec current w a s  interrupted. 

solutioas show good p r o d s e  t h a t  the technique can be 
applied 4 3  to large scale equipment t o  reduce corrosion of 304-L during 

Potential  versus current curves were determined 
Active-passive behavior was 

The passive f i l m  fomed r a p m y ;  

Corrosicn of 304-I, (acting as a heat t ransfer  surface) in boiling 
4 M NH4F-0.5 M NH NO4 w a s  determined as a function of applied poten- tia. 
those i n  the absence of anodic control. Effective potent ia l  range 
was about 300 mv. No active-passive Sehavior was f6und wi th  304-L 
i n  NH4F solution without NH4N03 preseot. 

Ccrrosyon $ates under ancdic control were about one-tenth 

Non-Metallic Materials 

Chemical ccmpatibility t e s t s  were rm on nine d i f fe ren t  commercially 
available rub3ers (seven sil icoae,  one n i t r i l e ,  and one neoprene) 
to determine the i r  s t a b i l i t y  i n  nine typical  process p laa t  solutions. 
These rubbers have been tested previously f o r  radiation tolerance. 
One of the oilicone rubbers had exceptionally good s t a b i l i t y  in all 
nine solutions. The ofher rubbers skwed the ususl pat tern of good 
s t a b i l i t y  In some solutions and failure IC others. Two heat insul- 
at ing materials were tes ted i n  HNO -HF vapor a t  room temperature and 
a t  50 C .  Both showed good s tabi l i?y a t  both temperatures. 
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Specificaticcs f o r  contrcl  system compcaents required t o  adapt the 
Gradient Ccntrol System t o  the new Plutonium Reclamation Fac i l i ty  
were prepared znd the equipment has been placed on order. 
of the coctrol  system f o r  the air pulser i s  underway with emphasis 
on the evaluation of various methods of bi-directional flow measure- 
ment aud the design of c i r cu i t ry  to reduce the average flow value t o  
a signal ccrnpstible w i t h  conventiotal D.C. control system inputs. 
Results thus far icdizate that the use of bi-directional s t r a in  
gage d i f fe ren t ia l  pressure transducers w i l l  require a variable gsin 
p r e - a p l i f i e r .  
rejection, low drift acd less than 10 I J ~  noise m s  referred t o  
the input i n  order to operate cver the range of input signals 
with txceptable accuracy for  l o w  srnplitGde-frequency products. 

Developmnt 

The pre-mpl i f ie r  must have high c o m n  mode 

MeasurePzent of column density has baen studied experimentally t o  
determine how it i s  affected by pulse amplitude and frequency and by 
the net  flcw thrcugh the column. On the basis of the study a system 
is being d e s i s e d  t o  apply a correction t o  the observed column 
density such that control i s  niaintaixied by a value more accurately 
analogous t o  dispersed phase holdup. 

Plutonium Detection Test System 

A plutcnium de+,ecticn t e s t  syst-en! has been devised and fabricated 
and is  being ins ta l led  in two sdjscent hoods in  the 2224 Building 
Labcrstory. 
of known ccccentrstion through vsricus in-line detectors to f a c i l i -  
ta te  tbeir evaluation md cal ibrat icn.  Two detectors have been 
designed md me izcluded in the  system fo r  initial tes t ing.  
f irst  device u n i t o r s  the  1l;tel;sity of the 17 kev X-rays from 
plutorium; 'the secord uses s c i c t i l l a t i n g  glass f o r  detecting alpha 
particlee.  
of plutonium (0.1 ng/ l i te r  culd a3cve) in process streams. 
have been made f o r  decc.ct&natisg the detectors in place. 
Icellt of all aecescary instrumentation hss been conzpleted. 

Tlie purpcse cf the syatem is  to flow plutcnlum solutions 

The 

I n i t i a l  enpbasis i s  the in-line detection of low levels  
Provisions 
Procure- 

Cs lor lmter  Studies 

Several calor-tric methccls have been investigated t o  evaluate their  
potent ia l  f o r  neasuring he&+, gecera'Yion ra tes  in f i s s ion  product 
solutions. 
usizg various techniques: (1) tenperature rate of rise in an insulated 

The following m i n i m  heat rates have been measured 
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container, 0.2 w a t t  per liter, (2) temperature difference between 
a bare and a covered temperature sensor i n  an insulated container, 
0.4 w a t t  per l i t e r ,  (3) continuous-flow calorimeter, one w a t t  per 
l i t e r .  The choice of any one technique w i l l  depend on the 
par t icular  application. I n  these tests the objective was t o  f ind 
the lower limits and f o r  this reason thermistors were used. 

In  the continuous flow calorimeter, temperatures were measured a t  
the inlet  and out le t  of an insulated section of l i n e  while heat 
w a s  added e lec t r ica l ly  t o  sirmrlate the f i ss ion  products. Heat 
rates of one w a t t  per l i t e r  snd above were measurable w i t h  the 
test  spparatus used, and the sens i t iv i ty  could be Improved by 
enlarging the insulated volume being measured. 
one w a t t  per liter to ten watts per l i t e r  the thermistors were 
f l o w  sensit ive and picked up any s~~KLltemperature variations i n  
the i d e t  stream, par t icular ly  when measurirg heat rates near 
one w a t t  per l i t e r .  

c 

In the range of 

C-Column Matliematical Model 

The seccnd block of 16 runs was completed t o  provide experimental 

preparation and routice instrument maintenance w a s  undertaken f o r  
the f i n a l  block of the 16 runs. 
i s  i t s  dependency upon e ( the organic volume f ract ion)  as a 
function of distance up the column. 
experimentally i n  the current series of r u s .  
ing the data f o r  use i n  the model w a s  necessary. 
determined that  an expression which is  cubic polynomial i n  distance 
serves adequately t o  represent the data within the inherent experi- 
mental error.  
the data obtained so far to obtain the desired smoothing. 

; data for  r c f i e e n t  uf the C-Column mathematical model. Feed 
’ 

An integral  par t  of the model 

- This function is determined 
A method of smooth- 

I$ has been 

The polynomial has been f i t  by least squares t o  all 

ANALYTICAL AND’INSTRIJMEIVTAL CHEMISTRY 

Determination of Traces of Thorim-230 i n  Natural Thorium 

As l i t t l e  am 0.2 par t  of Th-230 per million par t s  of natural  thorium 
was determined by alpha energy analysis using a low background 
s i l icon  diode detector. The thorium was prepared fo r  counting by 
electroplating approximately 100 pg of thorium on platinum discs. 
The r a t i o  of the Th-230 t o  Th-232 was calculated from the  re la t ive  
abundances of the  4.6 - 4.7 MeV alphas from Th-230 and the 3.95 - 
4.0 MeV alphas from Th-232 and the i r  known half-l ive . The ra 10s 
found on the four samples tested ranged from O.l7:lO 
grams Th-230:grams Th-232. 
of current mass spectronietric equipnent. 

8 2 t o  83:10 , 
The low ra t ios  were beyond the range 

.- 
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. PLUTONIUM RECYCLE PROGRAM 

Sa l t  Cycle Process 

Absorption Spectra of Plutonium i n  Molten Chloride S a l t  Solutions - 
Spectrophotomet=ic studies have proven the existence of plutonyl(V1) 
i n  molten chloride sa l t  solutions under cer ta in  conditions. Stable 
solutions whose spectra are in close agreement wi th  published 
plutcnyl(V1)-chloride spectra were obtained by sparging 1.4 L i C 1 - C s C 1  
solutions containing 0.0103 M plutonium w i t h  33 percent O2 - 67 per- 
teat C12 a t  550 C .  
of plutonyl(V) 5ut co detectable amounts of plutonium(II1) or  (IV). 
In  a s i m i l a r  experiment a t  700 C, a higher concentration cf plutonyl(V) 
was fcnnec and a s i g n i f i c m t  portion of the plutonium precipitated 
(presudbly as Pu02). The use of a 100 percent 02.sparge a t  550 C 
resulted i n  the formation of a precipitate (presumably Pu02) rather 
than the  formation of  a plutonyl(V1) solution. 

These s o ~ u t i c n s  also ccntained a minor amount 

On sparging plutcnyl(V1) solutions w i t h  chlorilze alone, no spectral  
changes were observed ( i n  20 minutes) a t  400 C but, a t  550 C, the 
concertraticns of plEtoniuxri(V) and (VI) decreased and plutonium( N )  
appeared i n  the soluticn.  
a t  400 C resulted i n  a rapid decrease i n  plutonyl(V1) concentration 
and increase i n  plutonyl(V) concentration. A subsequent H C l  sparge 
resulted In rapid conversicn of the  plutonyl(V) and ( V I )  t o  
p lu ton iu (  N )  . 
The extent of conversion of plutcnium(II1) to  piutonium(N) on satura- 
t i ng  1.4 LIC1-CsC1  soluticns with chlorine was found t o  be a t  l e a s t  
95 percent a t  400 C, 75 percent a t  550 C, and 40 percent a t  700 C. 
These values ere s igr i f ican t ly  higher than thcse measured previously 
In 1.4 LIC1-KC1 solutioos, as expected frcm the trend observed i n  
uranium studies tha t  the complexing power of molten chloride solutions 
lncreaecs w i t h  the s i ze  of the solvent cation. 

Helium sparging a plutonyl(V1) solution 

*. 

.- 

The Synthesis of Urmium Sulfides in Chloride S a l t  Melts - Exploratory 
work on the synthesis of refractcry urauiun compounds i n  molten salt 
media has given pronilsing results. A crys ta l l ine  appearing material 
prepared by HS-sparging a chlcride salt melt Containing uranium( N )  
has been Identified by X-ray diffract ion as nearly pure UOS. 
s imilar material prepared by HS-sparging a uranium(II1-N) m e l t  
proved t o  be a mixture of UCS and US2. The parameters governing 
the ccmposition of  the products of t h i s  reaction are not yet 
ident i f  led. 

A 



Decladdicg-Oxidation Testing - Evaluation of vibratory decladding 
and U02 to U308 oxidation continued with decladding of ten 1/2- 
section fuel rods w i t h  a t o t a l  of 30 pounds of UO 
to the receiver-oxidizer. The U02 was scbsequentfy oxidized t o  
U 08, and dumped from the oxidizer. The a-rerage losses of U02 t o  
d e  cladding from seven half-section cold swaged rods and three . half-section vibratory compacted rods were 0.072 percent and 0.014 

+ percent, respectively. Each half-rod required only one knock-out 
pa~s, and an average of two minutes were spent decladding each 

being discharged 

half  -rod 

Precipitation Studies - Additional study of the precipitation of 
C e O  
a t  feast 50 percent of the  Ce02 present i n  the salt  solution can 
be recovered on a bed of quartz chips supported i n  a quarts con- 
ta iner  by circulat ing the fuse6 sa l t  through the bed with a C12-02 
gas l i f t .  Approximately 80 percent of the Ce02 was precipitated 
under condltioas where plu%onium precipitation of 90 percent and 
greater has been reported. 
during Ce02 precipitation makes it necessary t o  replace the f i l t e r  
apparatus after two runs. 

Crushing of Electrolyt ic  UO - The e lec t ro ly t ic  U02 or  PUO -U02 
from the molten salt baths f n  the Sa l t  Cycle Process must ge 
crushed acd sized t o  cer ta in  par t ic le  s ize  fractions t o  be used 
as feed material t o  vibratory compaction. 
of 60 percenb -4 +10 mesh, 20 percent -35 +65 mesh and 20 percent 
-200 mesh i s  the presert  goal i n  crushing experiments. 

Crushing cf e lec t ro ly t ic  U02 w i t h  para l le l  plates mounted i n  a 
hydraulic press has given products with the desired par t ic le  s ize  
dis t r ibut ion.  

from a 2.5 LIC1-KC1 -5 t o  10 w/o U melt has indicated t h a t  

Breakage caused by attack on the  quartz 

-e T 

An approximate composition 

RADIOACTIVE RESIDUE PROCESS DEVELOPMENT 

Eighteen-Inch Radian%-Heat Spray Calciner 

Five runs were made i n  the Cold Semiworks radiant-heat spray calciner 
to explore capacity a d  mercury vola t i l i za t ion  characterist ics.  
calciner contained a 13-3/4 inch diameter by 7-foot long induction 
tube and employed a cyclone and f i l t e r  un i t  for  primary off-gas 
treatment. The maJor findings include: ( a )  The maJority of the 
mercury w a s  volat i l ized from the calcine a t  temperatures above 450 C 
but re-deposited on the calcine i n  the  off-gas t r a in  i n  zones wi th  
temperatures below about 300 t o  350 C .  
rieposits were v is ib le  oc piping. 

The 

No mercury containing 
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('0) Using a i r  as the atomizing gas, heating the feed stream t o  
near boiling increased the water capacity of the uni t  by 40 t o  50 
percent over t ha t  measured with 18 C water. Since t h i s  increase 
is  much greater thaa the sensible heat increase of the feed, the 
e f f ec t  is probably caused cy changes i n  the atomization character- 
i s t i c s  or by an improvement i n  the  convective heat t ransfer .  

Following the aforementioned m s  the off-gas t r a i n  w a s  modified 
by eliminating the cyclones. The f i l t e r  uni t  was r ebu i l t  reducing 
the number of f i l t e r s  to f ive end relocating the un i t  so t h a t  the  
calcine b l am off the f i l t e r s  would fa l l  into the s ingle  pot below 
the calciner proper. The blow back system allows each individual 
elemect t o  be blcwn back under prcgrssuned conditions. 
grammer employs a modificaticin of a c i r c u i t  or iginal ly  developed 
f o r  f i l ters  in plutonium processing hoods. 
incorporation of a variable time spacing between the blow back 
cycles and adapting the  or iginal  c i r c u i t  f o r  use w i t h  a greater 
var ie ty  of output relays.  
cycles was obtained by actuating the  cam timer with an added reset  
t1n;er. A s i l icon  controlled r e c t i f i e r  (SCR) was added t o  t h e  time 
delay c i r c u i t  and i s  used t o  pul l  the timed relay. 
the choice of an output relay much less c r i t i c a l  w i t h  regard t o  
sensi t ivi ty ,  cop1 resistance, and operating time. 

The pro- 

Modifications include 

The variable spacing between blow back 

The SCR makes - 

The programmed air  pulse i s  discharged in to  a venturi  on the 
f i l t e r  element. 
d i f fe ren t  design. 
calciner adequate blow back of every filter element w a s  obtained 
w i t h  an 0.2 second a i r  pulse per element every 90 seconds. 
a i r  pressure w a s  40 psig. 

Each element i s  equipped with a venturi  of a 
In the  one 10 CPH run made in the modified 

The 

Synthesis of a ClinODtllOlite-Like Zeolite 

I n i t i a l  work was coiapleted cn the synthesis of a c l inopt i lo l i te -  
l i k e  zeol i te .  
s i l ica  gel, e thyl  or thosi l icate ,  s i l i c i c  acid and co-precipitated 
silica-slumina gels along w i t h  dried aluminum hydroxide, l i t h ium 
hydroxide, sodium hydroxide snd potassium hydroxide o r  calcined 
n i t r a t e s  of aluminum, lithium, sodium and potassium. 

S tar t ing  materials iocluded a ball-milled dry 

The c l inopt i lo l i te - l ike  phase was prcduced only in the high s i l i c a  
portion of the pure l i thium systems. The source of s i l i c a  did not 
affect the end product, i.e., the c l inopt i lo l i te - l ike  phase was 
obtained with s i l i c i c  acid aid ethyl  or thos i l ica te  as well as wi th  
ball-milled s i l i c a  gel.  
stable in systems containing potasslum o r  sodium. 
the s+,able phase i n  mixed base cation systems. 

The c l inopt i lo l i te - l ike  phase was not 
Mordenite was 
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The hydrothermal results support the conclusion tha t  c l inopt i lo l i te  
is normally a metastable phase in  most natural  environments, and 
t h a t  the composition of c l inopt i lo l i te  can vary from a s i l i c a  t o  
alumina r a t i o  of 8 to  a t  l e a s t  2. The su s t i t u t ion  involved i n  
the compositional change i s  S i  +t B for  NaA1+ . 
Condensate Treatment 

The major equipment f o r  demonstrating the decontamination of con- 
densate streams was instal led.  The ins ta l la t ion  of the process 
and service pipes i s  i n  progress. 

The decontamination a b i l i t y  of thin beds of ion-exchange materials 
continue t o  be of in te res t  because of the possible high flow ra tes  
and low pressure drops. Steam-stripped Purex tank farm condensate 
was adjusted t o  pH 4 with  n i t r i c  acid and 

was 5 cm i n  diameter and 2 cm thick. 

assed through a bed of  
100 t o  250 mesh c l inopt i lo l i te  a t  5 gpm/ft B (10 cv/min). The bed 

The decontamination factors  fo r  cesium and strontium ranged from 
100 a t  the beginning of the  run to  400 at  the end; a t o t a l  of 4600 

a column volumeeof waste were treated. Strontium-90 and Cs-137 
concentrations i n  the  eff luent  were less than the i r  respective 
K€Cw values during the en t i re  run. 
bed did not exceed 2 psi .  

The pressure drop through the 

- Ruthenium Removal from Low-Level Waste Streams 

Scouting studies were in i t i a t ed  t o  evaluate possibXe methods f o r  
removal of ruthenium from actual plant condensate waste streams. 
Methods of removal which show promise are sulfide precipitation 
and adsorption on charcoal. 
obtained by sulfide precipitation on addition of 25 ppm S' and 50 
ppm Cu++ a t  pH- 2. 
precipi ta te  aging and growth. Distribution coefficients of 100 
t o  300 were obtained with three types of activated charcoal fo r  
two waste streams. 

Decontamination factors of 4 t o  5 were 

The main d i f f icu l ty  with t h i s  procedure is 

Electrostat ic  Bubble Scrubber 

The scrubber (1/6-ft2 cross-sectional area) and associated equipment 
f o r  tes t ing  e lec t ros ta t ic  bubble scrubbing was received and assembled. 
Tests were made using uncharged fluorescent dye par t ic les  to evaluate 
the entrainment losses and to measure the inherent scrubber e f f ic -  
iency. These measurements w i l l  provide the background data necessary 
f o r  the evaluation of the  scrubber w i t h  charged par t ic les .  The 
l iqu id  entrainment loss increased from 0.7 mg/mln. a t  a gas flow 

-.?saww- 
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rate of 3 cfm/ft2 t o  3 mg/min. a t  12  cfm/ft2. The scrubber e f f i c -  
iency for the uncharged dye par t ic les  (mean mass diameter = 0.2 P) 
demonstrated the d i f f i cu l t i e s  of e f f i c i en t  par t ic le  removal. With 
a gas flow rate of 6 cfm/ft2, the par t ic le  removal eff ic iencies  
decreased from 35 percent with 13 cm l iqu id  depth t o  6 percent with 
0.7 cml iquid  depth. 

Calcination of Radioactive Wastes 

Analytical. work was completed during the month on the  spray calcin- 
ation run With alkaline waste, a pot calcination run was made 
without additives, and construction and tes t ing  of a calorimeter 
w a s  completed and t h e  un i t  instal led i n  the ce l l .  

A spray calcinaticn run with a slurry feed, prepared by adding 
excess caust ic  to Purex lWW,  w a s  made las t  month and reported 
br ie f ly  i n  the February monthly report, HW-76596 C .  
tamination behavior i s  shown i n  the following table: 

Off-gas decon- 

-. 

O f f - G a s  Behavior 
Spray Calcination Run wi th  Alkaline Purex Waste 

Cumulative Decontamination Factors 
Cs Zr-Nb - -  Ru - Ce Through : - 

Calciner 2x103 2x103 

Elec t ros ta t ic  scrubber 3x10 108 109 5x10g 
Condenser 109 5x10; 

S i l i c a  ge l  bed.  3x10: 5x10; lo9 3X1Og 
"Absolute" f i l t e r s  5x10 2x10 * 3x109 3x10 

It w i l l  be noted tha t  the s m a l l  f ract ion of the ruthenium escaping 
from the calciner i s  the same as t ha t  of the other f i ss ion  products, 
suggesting entrainment rather than volat i l izat ion.  Also, the con- 
denser alone provides suf f ic ien t  additional decontamination f o r  
discharge, and the additional uni ts  accomplish very l i t t l e .  The 
s l i g h t  apparent decrease i n  decontamination across the s i l i c a  gel 
bed probably represents desorptioll of ruthenium absorbed i n  a 
previous run. The traces  of several f i s s ion  products passing the 
"absolute" filters may be real or  may represent cross contamination 
i n  handling the samples. 

A pot run w a s  m a d e  w i th  sulfate-deficient,  "as received," waste 
t o  determine the e f f ec t  of residual n i t r a t e  on storage s t ab i l i t y .  
In t h i s  run, the off-gas system was l imited t o  the condenser, 
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electrostat ic  scrubber, and "absolute" f i l t e r s ,  i .e., the caustic 
scrubber, demister, and s i l i c a  gel bed were deleted. Although the 
run w a s  apparently successful (no deposition of ac t iv i ty  was seen 
on the c e l l  exhaust f i l t e r s ) ,  no analytical  resul ts  are yet avail- 
able * 

' 

' 
A calorimeter, designed for remote reassembly in ce l l ,  was fabricated, 
tested, and installed.  
37 watts f 6 percent, in reasonable agreement with a value of 44 
watts calculated from radiochemical analysis of the feed. 

The "hottest" pot on hand w a s  found t o  read 

.- 
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BIOLOGY AND MEDICINE - 06 PROGRAM 

?ERRESTRIAL ECOLOGY - EARTB SCIENCES 

Hydrology and Geology 

Work on the determination of stream and path functions f o r  three- 
dimensional flow through heterogeneous porous media was completed 
with the obtaining of equations having the desired properties f o r  
t ransient  path functions. 
desirable analyt ical  route t o  be followed i n  determining the in- 
place permeability dis t r ibut ion f o r  e l ec t r i ca l  analog simulation 
of ground water flow and provide the  basis of a method f o r  l a t e r  
reconverting e l ec t r i ca l  measurements t o  meaningful hydrological 
results. 

These derivations w i l l  permit the  

A 10 milligram Am-241 source was investigated as a means for  
measuring degree of laboratory s o i l  column saturation fo r  unsaturated 
flow studies. 
photon, does not require the massive shielding tha t  i s  required 
by other long-lived sources, e.g., Co-60, Cs-137. The following 
counting data were obtained, using a typical s o i l  sample contained 
i n  a Lucitc cylinder (2-inches I.D., 2.5-inches O.D.): 

This long-lived radioisotope, which emits a 60 Kev 

Three Minute Count 

Dry s o i l  235,000 
Wet s o i l  160,000 
Background 400 

The counting e r ror  was calculated t o  be about f 1.0 percent f o r  a 
three-minute count. Although some changes i n  the counting equip- 
ment and source arrangement are needed t o  permit traversing the 
length of a laboratory s o i l  column, t h i s  method w i l l  be pursued 
f o r  measuring degree of saturation. 

Airborne magnetometer readings were plot ted on profi les  along 
exis t ing geological cross sections. A l l  known an t i c l ina l  ridges 
i n  the basalt south of Gable Mountain were confirmed. Locations 
differed a t  most only s l i gh t ly  from those previously indicated. 
North of Gable Mountain a complex of basalt structures w a s  indi- 
cated t h a t  w i l l  require considerable fur ther  interpretation. A 
noticeable but minor increase eastward i n  the magnetic readings 
within about three miles of the Columbia River north of 300 Area 
coincides there with the hppearance of the basalt flow overlying 
the Prosser bed. 
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RADIOLOGICAL AND HEALTH CHEMISTRY 

Analytical Methods 

A method f o r  the determination of pm-147 i n  urine was developed 
which i s  short, simple, and has a detection limit of l e s s  than 10 
dpm fo r  a 10 minute count. The method consists of wet ashing or  
muffling the sample, dissolving i n  d i lu te  n i t r i c  acid, adjusting 
t o  a pH of 3.4 w i t h  sodium hydroxide solution, ruultiple extractions 
with s c i n t i l l a t o r  solutions containing di-2-ethylhexyl phosphoric 
acid, and l iqu id  sc in t i l l a t ion  counting. 

Uranium Ore Inhalation Study 

Measurements on a r a t  phantom indicate that 10 - 20 mg of the 
uranium ore used i n  these studies may be determined i n  vivo by 
gamma counting using the 184 kev gama from U-235. It is estimated 
tha t  these quantit ies of ore w i l l  deposit i n  the rat 's  lungs during 
the study and it w i l l  be important t o  the  study to determine the 
actual amount within a f e w  days after inhalation. The count can 
be made on the l i v e  rat placed in a large NaI(T1) w e l l  c rystal .  

Environrental Studies 

Cs-134 and Cs-137 concentrations were measured on an a i r  f i l t e r  
which had been collecting air  from early December, 1962, t o  March 1, 
1963, a t  the 329 Building. 
the Cs-134 - Cs-137 t o t a l  act ivi ty .  
a previous measurement of 1.6 percent fo r  an air f i i t e r  sample 
taken during December, 1962, and January, 1963. This radionuclide 
concentration i s  larger  than would be expected from the f i ss ion  
yields and probably arises as an activation product on material 
of the explosive device. 

The Cs-134 contributed 1.7 percent of 
This value agrees w e l l  with 

%e 

Radiation Chemistry 

The presence of long-lived (half l i ves  of the order of tens of 
seconds) organic free radicals formed by co-60 i r radiat ion of 
organic materials i n  aqueous solutions w a s  demonstrated f o r  the  
f i r s t  time as far as can be determined. This finding adds new 
hope t o  the poss ib i l i ty  of post-Irradiation therapy an 
dimension t o  chemical protection studies. A 3.6 x lom4 M 
p-nitroaniline solution w a s  irradiated i n  oxygen-free alFaline 
solution and circulated through the electron spin resonance 
(ESR) cavity. 
l i nes  and is  similar t o  tha t  obtained when p-nitroaniline i s  

a new 

The spectrum consists of three groups of 11 - 13 

D ECLASS I F I ED 
1 1 0 3 1 3 3  



C-21 Hw-77*@&3@!9 . .. I 

.- 

reduced electrolyt ical ly .  
no signal  is  seen i n  acid or neutral  solution; and addition of 
alcohol to i ts  alkaline solution enhances the signal.  These 
properties suggest t ha t  p-nitroaniline i s  reduced by hydrogen 
atoms derived from irradiated water and t h a t  the radical  formed 
can be eas i ly  reoxidized by dissolved oxygen or  hydroxyl radicals 
(unless the l a t t e r  are scavenged by alcohol). 
t r i p l e t  s p l i t t i n g  appears to  be due t o  isotropic interaction 
between the unpaired electron and the nuclear momnt of the ni t ro-  
gen a t o m  (Id) i n  the NO2 group, giving 21+1 l ines  ( fur ther  s p l i t  
by other interactions).  
14 seconds at 25 C, increasing t o  34 seconds at  5.5 C.  
t h i s  compound is of l i t t l e  biological significance, i t s  radiation 
chemistry serves as a good s t a r t i ng  place fromwhich t o  attempt 
studies of more complicated biochemical radical species. 
resu l t s  such as described above arid a study of the unpaired elec- 
t ron densi t ies  according to  molecular o rb i t a l  theory, we hope t o  
evaluate the reac t iv i t ies  of biologically important radicals found 
during i r rad ia t ion  with biochemical su5strates. 

No signal i s  seen if oxygen is  present; 

The observed 

The ha l f - l i fe  of t h i s  radical i s  about 
Although 

From 

RADIOISOTOPES AS PARTICLES AND VOLATIUS 

Part ic le  Deposition i n  Conduits 

The s t a t i s t i c a l  analyses of the deposition studies i n  the 58-foot 
long, 1-1/4-iach and 3-inch diameter tubes have been completed. 
The e r ro r  i n  the reproducibil i ty of the sampling method used t o  
estimate entrance losses  was found t o  be independent of the 
sampling rate and was an average of 1 . 7  percent f o r  the l - l / b i n c h  
tube and 3.1 percent for the 3-inch tube. 
from the measured deposition. 

Thig loss  w a s  subtracted 

Empirical equations f o r  the deposition of ZnS par t ic les  (mean mass 
diameter ;;I 3.7 CL) in the l-l/$-inch diameter tube have been developed. 
The percent deposition equals 

f o r  flows f r o m  5 t o  25.6 cf'm. 
remain8 approximately c w s t a n t  a t  70 percent for  flotJs up t o  36 cfm. 

This deposition i s  less t h m  the predicted 89 percent and i s  thought 
to  be due t o  re-entrainment. 
l i m i t e d  re-entrainment data available. Ccrrelation of t h i s  data 
predicts re-entrainment to become signif icant  a t  a f l o w  rate of 
18 cfm in  the l-l/k-inch diameter tube. 
flow rate a t  which the difference between the predicted and 

33.7 I n  (cfm) - 39.4 
Above 25.6 cfm the deposition 

This conclusion is supported by the 

This is  approximately the 
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experimental deposition becomes appreciable. 
ment i s  predicted to occur about 2.5 cfm i n  the 1/2-inch tube and 
t o  be insignif icsnt  i n  the 3-inch tube a t  the flow rates studied. 
Theee resu l t s  are quali tatively supported by the deposition data. 
It seem, then, tha t  the velocit-i fo r  serious re-entrainment cen 
be estimated by available correlations. 

Similarly, re-entrain- 

Deposition i n  the 3-inch ve r t i ca l  tube w a s  found to be constant a t  
6 percent f o r  flow rates from 4 to 36 cfm. 
higher than that predicted and a new deposition model i s  being 
lnves tig6ted. 

This deposition i s  much 

ISOMPES DEVELOPMENT - 08 PROGRk! 

Fissicn Product ELCaDSulatiOn 

Successful formation of strontium t i tana te  by the Dynapak (high 
energy ccmpaction) process w a s  reported las t  month. Use of the 
technique w 8 s  extended t h i s  month to  include several other f i ss ion  
products and compound forms end t o  the formation of 4-inch cylinders 
of strmtium t i tana te  (versus 2-1/2 inches, l a rges t  previously 
produced). 
successful i n  e l i d n a t i n g  weldment cracks and wrinkled w a l l s .  
Highlights of container design studies are as follows: 

A new ( U r k  11) can design with rounded corners was 

1. Container w a l l  deformation mode varies w i t h  w a l l  thickness t o  
contaicer height r a t io  : t h in  w a l l  (0.025-inch) containers 
deform by buckling, whereas thick w a l l  (0.125-inch) containers 
thicken, apparently by deforming i n  shear. 

2. Failure of the jo in t  between the cap and w a l l  during compaction 
can be eliminated by providing a f i l l e t  t ransi t ion and by 
locating the closure weld i n  t.he can w a l l  ra ther  than a t  the 
intersection between the c&p md the can w a l l .  

Monolithie s t ront iun oxide compacts (Gf in t e re s t  t o  the space 
program) of 96 percent theoret ical  density were produced by loading 
strontium carbcnate in to  a can, outgassing a t  1300 C, end com- 
pacting at 237,000 psi.  Neodymium oxide, a stand-in fo r  promethium 
oxide (-0 ) was compacted t o  a crystal l ine,  non-porous product 
with a dens?ty of 98.5 percent of theoretical ,  and cer ic  oxide 
(Ce02) to a density of 84 percent. The CeO product w a s  not 
c rys ta l l ine  but rather a compacted powder. 2Two 4-inch r igh t  
c i rcu lar  cylinders of strcntium t i tanate ,  Inconel-X clad, were - . _  

readily formed. Each contained 2100 grams of SrTiO equivalent 
t o  over 2000 t h e m  watts, and h d  excellent densi?;es of about 
96 pereen'u. These 4-loch sources are as large as would be required 
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fo r  any presently conceived thermoelectric generator; however, 
four inches is by no means the limit of the Dynapak technique. 

Early tests w i l l  be almed a t  extending the Dynapak process t o  
cesium compacts (cesium poly glass and salts such as cesium 
chloride) and a t  development of a f i l t e r  can concept to eliminate 
powder handling. 

Shielding curves have been prepared relat ing dose rate from 
separated, purified individual f iss ion products to thickness of 
shielding ( for  kilocurie point sources). 
particularly beneficial in calculating the attenuation of 
Brems trahlung . 

These curves w i l l  be 

Manager 
Chemical Laboratory 
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BIOLOGY LABORATORY 

A. ORGANIZATION AND PERS3NNEL 

Dr. C. E. Breckinridge jo ined  t h e  Pharmacology Operation as a Bio log ica l  
S c i e n t i s t  on b r c h  8, 1963. 

B. TECHNICAL ACTMTIES 

-L FISSIONABLE MATERIALS - 02 PROGRAM 

Effec t  of 3eac tor  P f f luen t  on Aquatic Organisms 

Eight  groups, each with $0 ycung chinook salmon, i n  t h e i r  t e n t h  week of  chronic  
expcsure t o  3 and 6% effluent conta in ing  e i t h e r  dichromate o r  Quachrom Glucosate 
as t h e  cor ros ion  i n h i b i t o r  show l i t t l e  di'ference i n  mor t a l i t y .  
m o r t a l i t y  i s  observed i n  all groups. 

Growth depression caused by h igher  e f f luent  concent ra t ion  i s  s t r o n g l y  i n f e r r e d  
by t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  (P 4.01) smaller body weight  of f i s h  i n  
6% e f f l u e n t .  
Quachrom Glucosate in t roduces  less  chromium, no  apprarent  d i f f e rence  i n  growth 
is  observed between dichromate and Quachrom Glucosate e f f l u e n t .  

About 3% 

The over-all mean by t reatment  groups is sumrnarized below. While 

, 

i. 
Corrosion 
I n h i b i t  o r  

Dichromate 

s f  l u e n t  Concentration 
3% 6% 

0.641 g 0.615 g 

Quachrom Glucosate 0.6&Lt g 0.617 g 

Columnar is  

Bacto t ryp tone  i s  known t o  serve as  a basic n u t r i e n t  f o r  columnaris. I n  an  
a t tempt  t o  f u r t h e r  i d e n t i e  t h e  s p e c i f i c  n u t r i e n t s  requi red  f o r  growth, t h e  
t ryp tone  was f r a c t i o n a t e d  i n t o  acetone i n s o l u b l e  and so lub le  f r a c t i o n s  a t  
pH's of 1.1, 7, and 10. 
f r a c t i o n s .  Best g r a r t h  was obta ined  from t h e  pH 4 and 7 so lub le  f r a c t i o n s .  

No evidence of a change i n  v i ru l ence  was noted i n  i s o l a t e s  from t r o u t  he ld  
throughout t h e  summer i n  t roughs i n  s p i t e  of t h e  fact t h a t  m o r t a l i t y  had 
been l a r g e l y  l i m i t e d  t o  one two-week per iod  early in t h e  summer. 
observa t ion  is c o n s i s t e n t  wi th  t h e  p o s s i b i l i t y  t h a t  t h e  f i s h  developed a 
r e s i s t a n c e  t o  t h e  columnaris organism. 

No growth was obtained from any of  t h e  in so lub le  

This 

Chinook f i n g e r l i n g s  of t h e  same chronologica l  age b u t  varying i n  s i z e  (one 
' group'0.6 g, t h e  o the r  0.9 g) were equa l ly  s u s c e p t i b l e  t o  acu te  dea th  from 

columnaris. Apparently age, no t  s i z e ,  i s  t h e  determining f ac to r .  

* UNCLASSIFIED 
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BIOLOGY AND IEDICIhX - 06 PROGRAM 

METABOLISM, TOXICITY, AYD TRANSFER OF RADIOACTIVE IIAmRIALS 

Zinc - 
The importance of t h e  g i l l s  of f i s h  i n  t h e  excre t ion  of o r a l l y  administered 
zn6S was i nd ica t ed  by a material balance s tudy using three-year-cld t r m t  with 
t h e  anus l i g a t e d  and t h e  b ladder  cannulated. Under t h e  assumption t h a t  t h e  
unaccounted f r a c t i o n  of dose is  t h e  amount excre ted  by  t h e  g i l l s  i n t o  t h e  
water, abaut,0.7 cf dose is excreted by  t h e  g i l l  t i s s u e  during seven days 
post-adminis t ra t ion.  

Early r e s u l t s  i nd ica t ed  t h a t  ycunger f i s h  have relatively g r e a t e r  r e t e n t i o n  
of Zn6S a week after a s i n g l e  o r a l  dose. 
0.36 and 0.27 of dose f o r  two-year-old t r o u t  and three-year-old t r o u t ,  
respectively. 
due t o  age was found i n  t h e  d i s t r i b u t i o n  i n  t h e  var ious  t i s s u e s .  The 
h ighes t  concent ra t ion  was found i n  g i l l  f i l aments  i n  both age groups, 
Frac t ions  r e t a i n e d  i n  t h e  g a s t r o i n t e s t i n a l  t rac t  were 0.11 and 0.06 f o r  
two- and three-year-old t r o u t ,  respec t ive ly .  

Body burden on t h e  average was 

ESLclusive of t h e  g a s t r o i n t e s t i n a l  t rac t  no apparent  d i f f e rence  

.T Stront ium Ts 
j 

The s k e l e t a l  r e t e n t i o n  of Ca4s and Sr9O t e n  days following a s i n g l e  o r a l  
dose was determined f o r  minia ture  swine from 1s t o  2bO days o f  age. 
Suckling animals were adminis tered th?  rad ionucl ides  i n  a m i l k  s o l u t i o n  
via g a s t r i c  in tuba t ion ,  o lde r  animals were given t h e  Sr90 and Cabs with an 
a l i q u o t  of feed. The h ighes t  r e t e n t i o n  of both rad ionucl ides  was-eO$ and 
was observed i n  t h e  ycungest animals. With i n c r e k i n g  age, t h e  percentage 
r e t e n t i o n  decreased with t h e  most marked change occurr ing i n  animals dosed 
between 1s and 45 days of  age. 
markedly with age than  d id  t h e  r e t e n t i o n  of Ca4S. 
d iscr imina t ion  aga ins t  Sr9' r e l a t i v e  t o  Cali5 f o r  t r a n s f e r  from d i e t  t o  
ske le ton  changed f r c n  near  u n i t y  f o r  t h e  youngest animals t o  -25% f o r  t h e  
o lde r  animals. 

One female minia ture  p i g  which had inges ted  h i  h levels of Sr9O early i n  

apparent ly  normal of fspr ing .  (This animal was born t o  and had suckled a 
dam inges t ing  625 p c  Srm/day and had inges ted  155 pc SrSO/day f o r  6 weeks. 
After 6 weeks, t h e  r a d i a t i o n  dose t o  t h i s  animal 's  bone was on the  o rde r  
of 100 rads/day.) 

The r e t e n t i o n  of Sr9O decreased more 
AS a r e s u l t ,  t h e  

l i f e  and had survived, due t o  removal from S r  96 feeding, gave b i r t h  t o  

Iodine  

The s table  iod ine  ccnten t  of t h e  r a t i o n  cf two c f  t h e  t h r e e  cows f e d  
5 pc of  1131 p e r  day was r a i s e d  from 5 t o  15 mg of I I 2 7  p e r  day. 
abcut  t w c  weeks on t h i s  increased  s t a b l e  i o d i n e  d i e t ,  t h e  1131 concentrat ion 
i n  t h e  t h p c i d  decreased abcut  LO%, while t h e  concent ra t ion  of I13I i n  t h e  
mi lk  showed a s l i g h t  i nc rease  ( t h i s  milk i s  being p e r i o d i c a l l y  drunk by 

After 

\ volunteers ) .  
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.- 

Peak thy ro id  uptakes of 1131 were $$%, f i v e  t o  e i g h t  d a - s  fol lowing t h e  
t O F d C a l  a p p l i c a t i o n  of 1125 and I 
a d u l t  male sheep. 
a p p l i c a t i o n  si te.  

Protein-bound iod ine  va lues  manifest  an  i n c r e a s e  a t  mid-gestat ion in ewes 
t h a t  are now shar ing  var ious  s t a g e s  of hypothyroidism fol lowing a d n i n i s t r a t i o n  
of 3 mc of rad io iodine  4 t o  5 years  ago. 

over 50 and 100 cm5 Of s k i n  area Of 
The uptake appeared t o  be independent of t h e  area o r  

Three female minia ture  goa t s  f e d  0.15 pc of I13I p e r  day are maintaining 
thy ro id  burdens of 3 t o  4 t imes t h e  d a i l y  dose, w h i l e  t h e  5 nursing 
o f f sp r ing  have a thyro id  burden of 1/L t o  1/2 t h a t  o f  t h e  adu l t s .  
mi lk  concent ra t ion  i n  t h e s e  goa ts  reflects t h e  blood concent ra t ions  and 
shows t h e  h i g h e s t  concent ra t ion  a t  about  4 hours after daily feeding and 
lowest va lues  a t  abcut 24 hours post-feeding, 
mi lk  concent ra t ion  occurs i n  a 2L-hcur period. (The blood ccncent ra t ion  
i n  t h e  of fspr ing  approximates t h a t  observed i n  t h e  dams.) 

Cerium and 

The 

A more than  ten-fold change i n  

Four animals were administered s i n g l e  o r a l  doses of e i t h e r  Ce o r  h l 4 7  
and k i l l e d  t e n  days l a t e r  t o  determine g a s t r o i n t e s t i n a l  absorp t ion  and 
t i s s u e  d i s t r i b u t i c n .  
k i l l i n g  of  t h e  animals. 
Both radionuc3ides had been obtained as ch lo r ides  from Oak Iiidge. 
Addi t iona l  animals w i l l  be given F~nl47 of Hanford o r i g i n .  

Samples of exc re t a  were c o l l e c t e d  p r i o r  t o  t h e  
(Radioanalysis i s  incomplete a t  t h i s  time.) 

. 

P l u t  cnium 

Addi t iona l  d a t a  on t h e  o r a l  e f f ec t iveness  of TTHA i n  removing deposi ted 
plutonium confirm t h e  pre l iminary  r e s u l t s  repor ted  last mcnth. TTHA is 
only  v e r y  s l i g h t l y  more e f f ec t ive  than  DTPA. 
s tud ie s ,  DTPA and TTHA were adminis tered o r a l l y ,  da i ly ,  f o r  n ine  days,  
a t  a t rea tment  l e v e l  of 1.5 mM/kgpzr day. 
effective under these  ccndi t ions .  

I n  c h r o n i c  t reatment  

Nei ther  agen t  was s i g n i f i c a n t l y  

I n h a l a t i o n  S $ud ies 
,. 

One dog 'died about 1200 days a f te r  a s i n g l e  exposure t o  h23902, which 
r e s u l t e d  in d e p o s i t i o a  of a n  estimated 6 pc of Pu239. P r i o r  t o  death,  
e lectro-cardiographs and t h o r a c i c  radiographs showed cardiac failure 
and r i g h t  v e n t r i c u l a r  h e a r t  enlargement causing d o r s a l  dev ia t ion  of 
t h e  t rachea .  
Anorexia, dehydra t ion  cyanosis,  and 20 p e r  c e n t  weight loss  occurred 
be fo re  death.  
b ronch ia l  lymph nodes were small, f i b r o t i c ,  and contained encugh Pu239 
t o  be de tec t ed  with a apoppylt. 
enlarged, and a growth on t h e  l e f t  a.v. valve  of t h e  h e a r t  n e a r l y  f i l l e d  
t h e  l e f t  v e n t r i c l e .  It has n o t  been determined whether t h e  h e a r t  l e s i o n  
was a consequence of t h e  plutonium inha la t ion .  

Blood C02 levels were high and 02 levels were low. 

A t  pos t  mortem, lung l e s i o n s  were ex tens ive  and the 

The r i g h t  ventricle of t h e  h e a r t  was 

UIJCLASS IFIGD 
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Thirty-six rats were exposed t o  an a e r o s o l  of pi tchblende uranium ore,  and 
are being monitored i n  a well-type s c i n t i l l a t + o n  counter  de t ec t ing  t h e  
180 KEV gamma of U235. Prepara t ions  are being made f o r  s t u w n g  t h e  
exc re t ion  of t i s s u e  d i s t r i b u t i o n  of inha led  h1L7 and Ru106 i n  dogs. 

Further  t es t s  were i n i t i a t e d  t o  determine methods f o r  removal of inha led  
Pu23902 f r o m  rats. 
t o  determine t h e  e f f e c t s  of 1127 on rad io iodine  uptake i n  t h e  thyroid.  

Dogs were exposed t o  1131 vapor with and without  1127 

G a s t r o i n t e s t i n a l  Radiat ion I n j u r y  

The e f f e c t i v e n s s  of abdaminal X-irradiat ion’  (1000 r )  on b i l e  s a l t  absorp t ion  
from the  i n t e s t i n a l  t r a c t  was s tudied  i n  rats with b i l i a r y  f is tulae,  
i n j e c t e d  in t raduodenal ly  with Clh-labeled taurochola te  and C1h-labeled 
cho l i c  ac id .  
i r r a d i a t i o n  d id  not  decrease absorp t ion  of t h e  b i l e  salts from t h e  
i n t e s t i n e  during th2  per iod  from one t o  six days following i r r a d i a t i o n .  

- Z  

Appearance of t h e  Cl4 label in t h e  excreted b i l e  showed t h a t  

E f f o r t s  t o  s imula te  the  e f f e c t s  o f  b i l e  salts i n  producing d i a r rhea  i n  
i r r a d i a t e d  rats, by a d n i n i s t e r i n g  t h e  s u r f a c t a n t s  T r i ton  XI00 and Ihponal 
have thus  far  met w i t h  no success.  

* An i c n  exchdfige r e s in ,  cho1estyrahine;’which i s  supposed t o  have a s p e c i a l  
a f f i n i t y  f o r  b i l e  salts, is  being t e s t e d  f o r  i t s  a b i l i t y  t o  prevent  t h e  
d i a r rhea  w?ich r e s u l t s  from abdominal i r rad ia t ion-  Resul t s  from these  
experiments are not  y3t ava i l ab le .  

*. L 

, Secondary Disease Studies  

Attempts t o  produce h s a l t h y  chimeras by neonata l  *injection of homologous 
ce l l s  have been p a r t i a l l y  successful .  
with LAF mouse c e l l s ,  have been success fu l ly  g r a f t e d  (5/7) with s k i n  from 
LAF mice. 
i r r a d i a t e d  LAF mice. Rats neona ta l ly  i n j e c t e d  wi th  mouse cel ls  have not  
accepted mate s k i n  g r a f t s .  
t h e  mcuse s k i n  g r a f t s  do no t  show a n t i - g r a f t  hemagglu t in ins , - ind ica t ing ,  
perhaps, same degree of to le rance .  

A/He (Darwin) mice, neonatal  t r e a t e d  

These animals will be used as donors of cel ls  t o  be i n j e c t e d  i n t o  

However, t h r e e  out  of e i g h t  rats which r e j e c t e d  

Attempts are being made t o  f r a c t i o n a t e  chrcmatographical ly  t h e  a n t i -  
bodies  found i n  rat-mouse chimeras. 
appears  t o  be assoc ia ted  wi th  the  gamma g lobu l in  f r a c t i o n .  

Hepatic Tumor Study 

An experiment was i n i t i a t e d  t o  determine t h e  effect o f  i n t e r n a l  emitters 
on induc t ion  of hepa t ic  tumors by t h e  azo-dye carcinogen, n N-dimethyl- - 
P r  . A s i n g l e  i s o t c p e  i n j e c t i o n  was given intravenously.  The DUB i s  
included i n  t h e  d i e t  a t  a l e v e l  of 0.08 p e r  cent .  
of tumor inc idence  w i l l  be  determined. 

The rat anti-LAF hemagglutinin 

p h f E l a z o a n i l i n e  ( D A B ) .  The i so topes  t o  be s tudied  are Pu538 and Ce ld - 
The t h e ,  degree,and type  
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Microbiology 

I n  f o u r  y e a s t  s t r a i n s ,  each having c h a r a c t e r i s t i c  carbohydrate  u t i l i z i n g  
enzymatic systems, @O had l i t t l e  effect  on growth, as measured by c e l l  
mass, bu t  had pronounced effect  on c e l l  d iv i s ion .  The effect  on c e l l  
d i v i s i o n  wi th  yeast i s  i n  accord with repor ted  e f f e c t s  of %O on c e l l  
d i v i s i c n  i n  animal c e l l s .  

More HTO was incorpora ted  i n t o  yeast cel ls  when t h e  ce l l s  were suspended 
i n  ncrmal medium than when they  were suspended i n  d i s t i l l e d  water. Likewise 
l i t t l e  l a b e l  was l o s t  from c e l l s  prev ious ly  cu l tu red  i n  HTO when t h e s e  c e l l s  
were shaken i n  d i s t i l l e d  water .  
water mcvement i n  p a s t  may be  r e l a t e d  t o  presence of e i t h e r  i ons  or 
organic  ma te r i a l s .  

Frcm these  l i m i t e d  da ta ,  it appears t h a t  

Radiat ion Z f f e c t s  on I n s e c t s  

Two more a t ' e m p t s  t o  i s o l a t e  p r o t e i n s  by e l e c t r c p h o r e s i s  i n  l a r v a l  
Ephest ia  haemolymph were unsuccessful .  Techniques are being re f ined ,  and 
a s tudy  t o  determine changes i n  t o t a l  p r o t e i n  between c o n t r o l  and X-rayed 
Ephest ia  l a rva l  is  planned. 

The in f luence  of f reez ing  temperatures ( 5  C) on r a d i a t i o n  damage ( f a i l u r e  
of  a d u l t  devellopment when larvae are X-rayed) i n  Q h e s t i a  i s  being 
inves t iga t ed .  
weeks a t  5 C wi l l  continued development when re turned  t o  28 C. 

. 
Data, so far, i n d i c a t e  t h a t  c c n t r o l s  kept  as long as two 

I n  t h e  progeny fran X-rayed p a r e n t a l  Tribolium, an tenna l  c h a r a c t e r i s t i c s  
appear most easily a l t e r e d  b y  r ad ia t ion .  
and branched an tennal  are found. 

P l an t  S tudies  

The uptake of water and of 1131 by b a r l e y  seed l ings  was measured a t  two-  
hour i n t e r v a l s  over  a 24-hour per iod.  
u p s e t t i n g  t h e  d i u r n a l  rhythm by exposing p l a n t s  t o  li h t  during t h e  
normal eight-hour dark  per iod.  
g r e a t e r  during t h e  n igh t  pe r iods  than  during t h e  l i g h t  per iods.  
of water was apprec iab le  dur ing  l i g h t  

completely d i s s o c i a t e d  from t h e  uptake of water. 
t h e  i o d i d e  i o n  cannot be absorbed as a ccnsequsnce of water flow bu t  
i n s t e a d  must be taken i n t o  t h e  p l a n t  by a s p e c i f i c  motabol ica l ly  dr iven  
process  . 
Leaf - sc i l  r a t i o s  f c r  t h e  uptake of T;118s of t h e  fol lowing magnitude 
were observed: 

c F a i l u r e  of  an tennal  segmentation 

Mreme care was taken t o  avoid 

!i The accumulation of I was t h r e e  times 

e r i o d s  b u t  a lmost  nil during dark 
Uptake 

periods.  Consequently t h e  uptake of I E 31 appears  t o  have been noa r ly  
Thus it appears t h a t  

Ephrata  soil 0.0017 
Cinebar s o i l  0.0004 
Milville s o i l  0.0033 

U NCLAS S P I E D  
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These va lues  were obtained wi th  ba r l ey  p l a n t s  and comparable values  f o r  
bean p l a n t s  were approximately an  order  of magnitude less. 
tungsten appears t o  d i f f e r  from most o the r  i o n s  s tud ied  i n  t h a t  g r e a t e r  
uptake was observed from alkaline than from a c i d i c  s o i l s .  

No i n t e r n a l l y  deposi ted 
exposed t o  high vacuum. 
time of exposure t o  vacuum. 

The uptake of  

was removed from leaves when they  were 
Leaves had been removed from t h e  p l a n t s  a t  t h e  

P lan t  Ecology 

S o i l  moisture  s t u d i e s  i n  t h e  f i e l d  from February 20 t o  b r c h  19, 1963, 
showed t h a t  sagebrush s o i l  l c s t  moistur3 more r a p i d l y  than  greasewood 
s o i l .  
measurable p r e c i p i t a t i o n ,  i n  t h e  greasewccd s o i l  as compared t o  a l o s s  of 
13 g/dm2 i n  t h e  sagebrush sc i l .  S o i l  moisture loss  early i n  t h e  moisture 
dep le t ion  season i s  c h a r a c t e r i s t i c  of t h e  sagebrush h a b i t a t  and appears 
t o  be an important f e a t u r e  r e s t r i c t i n g  t h e  d i s t r i b u t i o n  of greasewood. 

'k 

Moisture lcss amounted t o  9 g/dm over a 27-day per iod of no 

Rattlesnake Springs Limnology 

A periphytcn sampler was p laced  i n  t h e  c reek  t o  determine t h e  composition 
of t h i s  community and t o  f i n d  out if it would be p r a c t i c a l  t o  u s e  t h i s  
group of organisms i n  uptake s tudies .  
examined each week. Gross examination revealed t h e  presence of t h r e e  
diatom spec ies ,  one of which comprised b e t t e r  than  9% of t h e  population. 
One green a lgae  spec ies  was present .  
appeared on t h e  s U d e s  af ter  two weeks exposure. 

Fcur s l i d e s  were immersed and one 

Chironomid and s imulid l a rvae  

Columbia River Limnology 

Analysis of  plankton samplps from t h e  100-F Area was continued. 
of periphyton s u b s t r a t e s  wore  placed i n  t h e  channel which rece ives  
thermal ly  hot  seepage water from t h e  100-F r e t e n t i o n  basin.  Vater 
ternpgratures a t  t h e  t h r e e  s t a t i o n s  se l ec t ed ,  upper end, mid-way, and 

of  t h e  seepage water as it emerges from t h e  ground i s  about  54.5 C. 
This  area is wel l r su i t ed  t o  s tudy  t h e  e f f e c t s  of temperature  upon t h e  
d i s t r i b u t i o n ,  biomass, and composition of aqua t i c  c o m u n i t i e s .  

A series 

. lower end, were 45.1, 33.2, and 29.2 C, respec t ive ly .  The temperature 

Fa l lou t  J - - _  
Radioicdine concent ra t ions  i n  North American dee r  t hy ro ids  decreased a t  
approximately 1s dags half- t ime and approached t h e  de t ec t ion  limit a t  
t h e  month's end. Values a t  t h e  var ious  sampling l o c a t i o n s  were as follow: 

UNCLASSIFIBD 
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Location and 
Sample Type 

Number of 
Animals 

Montana e l k  15 
Maryland deer 9 
Alaska re indee r  5 
New York dee r  4 
Cal i forn ia  dee r  1 

Picocur ies  p e r  gram Wet Thyroid - Mean - + Cne Std.  E r r o r  

650 
110 

72 
69 
30 

70 
30 
6 
8 

The longer  half-time repor ted  l a s t  month r e s u l t e d  from a p la t eau  i n  
t h y r c i d a l  1131 concent ra t ions  caused by a series of seven Russian atmospheric 
nuc lea r  tests conducted during l a te  December 1962. 
i n  t h p o i d s  as a r e s u l t  of underground U.S. tests ccnducted during February. 

No effect  was observed 

1 HA Kornberg:es 

UNCLASSIFl3D 
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TECHNICAL INTuRCHAT?GE DATA 
-bXY LABCBATORY 

I. Smeches  Presented 

a. Papers Presented a t  Socie ty  Veetings and Symposiums 

None 

b. Seminars (Off-Si te  and Local) 

McClellan, R. 0. Bio logica l  e f f e c t s  of  Srm and o t h e r  bone- 
seeking radionucl ides .  Department of Zoolcgy, Washington 
State Universi ty ,  Pullman, Washingtcn (Exchange Seminar Program). 
March 4, 1963. 

c. Seminars (Biolcgy) 

Brown,  D. and E. Sheen, Chemical Laboratory, Hanford Laborat c r i e s .  
Recent t r e n d s  i n  t r a n s i s t o r  e l e c t r o n i c s  and some b i o l o g i c a l  
app l i ca t ions .  Narch 5 ,  1963. 

Fuj ihara ,  Y .  P. Observations of i r r a d i a t i o n  e f f e c t s  on c i ch l id s .  

Horstman, V. S .  (presented by L. K. Bustad). Basis f o r  

Narch 12, 1963. 
3- 

ex t r apo la t ing  minia ture  swine da ta  t o  man. Ilarch 1 2 ,  1953 

Stephens, C. X., Department of Chemistry, lfashingtcn S t a t e  
Universi ty ,  Pullman, IJashingtcn. Biosynthesis  cf l euc ine  i n  
microorganisms. ??arch 15, 1963. 

Tombropoulcs, E. G. F a t t y  a c i d  synthes is .  March 19, 1963. 

Uyeld, E. M. Some immunological reasons f o r  bone marrow r q j e c t i o n  
i n  r a d i a t i o n  chimeras. Karch 19, 1953. 

p h l u m ,  Do D. 

Park, J. F. 

N P ~ ~ ~  and f a t t y  l i v e r  production. March 26, 1963. 

Chronic t o x i c i t y  of inha led  plutcnium i n  dogs. 
Harch 26, 1963. 

d. Miscellaneous 

S t u a r t ,  B. 3. Theories  f c r  mechanism of a c t i o n  of r ad ia t ion .  
Radiat ion Biolcgy Course, Univers i ty  o f  Washington Branch, 
?ichland, I!ashingtcn. Karch 20, 1953. 

Hungate, F. P. Genetic e f f e c t s .  3ad ia t ion  Biology Ccurse, Univers i ty  
of Washington Branch, Richland, Idashingtcn. Karch 27, 1963. 

Hanson, :d. C.  P ro j ec t  Chariot .  K i w a n i s  Club, Benton City, Wash. 
March 8, 1963. 
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I1 . Articles Published 

a. HW Documents 

.. 

.. 

Uyeki, E. M. I n t r a c e l l u l a r  d i s t r i b u t i o n  of c a t i o n s  and p r o t e i n  i n  
regengra t ing  rat l iver .  Am. J. Physiol. 204: 257-261, 1963. 

NcClellan, R. O., 1.1. E. Kerr, and L. K. Bustad. 1953. 3eproductive 
p e r f o n a n c e  of female minia ture  swine i n g e s t i n g  strontium-90 daily. 
Nature 197: 670. 

111.. Visits and V i s i t o r s  

a. Visits t o  Hanford 

3-8-63 Dr. David C. England and Roy E. Fancher. Department of 
Animal Science,  Oregon S t a t e  University, Corva l l i s ,  Oregon. 
Discuss research  wi th  L.. K. Bustad. 

3-8-63 Sishop Hubbard, Tpiscopal Church, Xch land ,  Wash. Tour of 
Biology f a c i l i t i e s  wi th  L. A. Temple. 

3-11 t o  15' Michael Tierman, Yealth and Safety Division, AEC, Idaho 
F a l l s ,  Idaho. Iieview work i n  progress  i n  Biology as 
par t  of a t r a i n i n g  program. Contacted Biology s taff  
msnbc rs . 

3-11-63 Drs. Flalph Bal tzo and Kenneth Jackson, Univers i ty  of  
Washington, Seattle, Washington. 
r e sea rch  with H. A. Kornberg. 

Tour Biology and d iscuss  

3-4-63 Dr. Laur is ton  Taylor, Head, N a u o n a l  Corn i t t ee  on Radiation 
' Protec t ion .  Tcured Ki th  !I. M. Parker  and A .  Kornberg. 

3-15-63 D r .  C. M. Stephens and 74. G. Kalyanbur, Vashington S t a t e  
Universi ty ,  Pullman, :?Jashington. Dr. Stephens presented 
a seminar. 
Biology staff members. 

They conferred on r a d i a t i o n  problems with 

3-15-63 Dr.  Glenn T. Seaborg, Senator  H. M. Jackson, A. R. Luedecke, . 
E. J. Bloch, Arnold F'ritsch, J. T. ' b e y ,  J. T. Conway, 
and L. R. Fink (GE V i c e  Pres ident ) ,  members of AEC, Washington 
and J o i n t  Committee on A t d c  Energy. 
fac i l i t i es  with H. M. Parker and H. A. Kornberg. 

Toured Biolcgy 

3-28-63 Vashington S t a t e  Power Planning Sub-Comittee (19) , from 
var ious  c i t i e s  i n  Washington. 
R. F. Palmer. 

Toured Biology wi th  

UNCLASSIFIED 
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ZI. Visits and V i s i t o r s  (Continued) 

b. Visits Off-Site 

3/1 and 3/5 V. G. Horstman inspected feed  a t  t h e  Anderson Feed 

3/1-3 

and Produce Company, Othello,  !Jashington. 

L. K. Bustad worked on h i s  i on iz ing  r a d i a t i o n  s tudy  
a t  t h e  Univers i ty  of Washington, S e a t t l e ,  with 
D r m  h c h .  

3/2-12 

3/3 

3/0-9 

R. F. Keough at tended t h e  Conference on Analy t ica l  
Chemistry and Applied Spectroscopy a t  P i t t sburg ,  Pa., 
and discussed research  techniques wi th  Coleman, Blake, 
and Brown a t  Oak - i d g e  National Laboratory. 

3. c).  KcClellan presented a seminar (Zxchanre S m i n a r  
Program) a t  ldashington S t a t e  Universi ty ,  Pullman, 
'dashington. 

5. 5. Tombropoulos and W. J. Bair a t tended  the  A Z ' s  
I n h a l a t i o n  Toxic i ty  Keeting a t  Wayne S t a t e  Universi ty ,  
Det ro i t ,  Mich. and discussed research  with Vomald 
and Willard.  

3/9-16 14. J. Clarke ccnfer red  on establ ishment  of a Patholcgy 
Regis t ry  w i t h  Hil lberg  a t  t h e  Armed Forces I n s t i t u t e  
of Tathology i n  Washington, D. C. 

3/17-20 H. A. Kornberg a t tended  a sub-committee meeting of 
t h e  B U R  Committee of t h e  Nat ional  Academy of Sciences 
t o  d iscuss  a r e p o r t  on the  t rea tment  o f  r a d i a t i o n  
syndrome. 
He a l s o  toured t h e  Radiological  Laborator ies  of 
Columbia University i n  New York wi th  D r .  H. Rossi. 

R. 0. McClellan inspec ted  radiographic  equipment a t  the  

i leeting was conducted by Shie lds  Warren. 

3/13 

3/20-22 

Sacred Heart Hospi ta l  i n  Spokane. 

D. G. Vatson and R. 3. Nakatani a t tended  t h e  Pacific 
F i s h e r i e s  B io log i s t s  Iqeeting i n  Gearhart ,  Oregon. 

3/19-22 

3/23-26 

3. 0. I c C l e l l a n  a t tended  t h e  I n t e r n a t i o n a l  Symposium 

L. K. Bustad a t tended  an  informal  meeting on 113' a t  

on Bone Biodynamics i n  Det ro i t .  

Argonne Cancer Hospi ta l ,  Chicago. Contacted D r .  Bruner, 
A X ,  WashingtcqDC and o the r s  a t tending .  

3/2 9 R. 0. NcClellan v i s i t e d  Kemorial Hosp i t a l  i n  Yakima t o  
d iscuss  rad icgraphic  techniques with Dr. James. 

1 1 0 3 1 4 b  UNCLASSIFIED 
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8 I V .  Achievements 

No degrees  w e r e  earned, nor  did any  p ro fes s iona l  l i cens i i lg  o r  c e r t i f i c a t i o n  
occur. 

V. Honors and Recognitions 

None 

V I .  P rofess iona l  Group o r  Organization Assignments 

None 

.. 

.. UNCLASSIFIED 
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which apply t.:, it, by a l l m i x  treatment Df reactar c q m e n t  repairs while 
avoid- the sticky (azd r ea l i e t i c s l ly  speskixg, impossible) prcblem of 
writing m3 s2lvizg smethi?d l i k e  
e q u t i a l s  

2,500 %g 22,000 simultaaeous d i f fe ren t ia l  

30 progrmnkg prliclems m~s: be solved befcjre the Monte Carlo approach can 
be wed. T i r s f ,  a r,cqd+,er method i s  seeded f e r  writing Bole= expressions 
givea the pieces of eq-dpment concerned aLd the degree of repair  reqaired of 
the eqiiipment. Secoad, a computer pr&lem must be written 50 determine, i n  
the most efficie=* -er, the 2rJ th  or f a l s i t y  of a Boolean ststement, given 
%he triit2h cr fa l r i5y  of 5he subevents upox which the statemerf depends. 
gmd 6+&rt. t ~ w a r c l  the soiutian of the sesmd problm has 'teen made; a few small 
netmrks  ha-x bee3 treated bg $be cmpcter. 

Work coz-fixej. QE parameter eoZma5ioa iz She crack prablem f a r  -WR primary 
pip@. 
cazfimed l eas t  square m b l m s  ir sane cases and gave rew p o h t s  t o  use for 
i n i t i a l  poizC,s iz a l eas t  scpaze b i m i z a t i o n  pr3gram. 

A 

A progren was Lsed t.3 p lc t  parameter spaces f c r  a pew f m c t i m  which 

IrradiaXm Processing Department 

A b p i c e l  s t ~ l y  w88 made of the measizemez', e r n r  str.i.ct=rre f o r  the ran- 
,'destriict3ive 5ea5ers used irZ the eval-.lk+,ix of fue l  qydi%g. Primary emphasis 
%as given 6s evalustiotl af the economic czzseqaexes of the existing measure- 
hen% erzzrs. 
-elimicate kisses, bat t r i 5  a t  prese~it ,  there seems ta be l i t t l e  incentive 
'Em imprzved precision. 
Results of this. study were presezted i n  two meetings azd a t 3 p i t a l  report os 
t h i s  s.~l.jecf is  currently b e i q  prepared. 

It was carxlu3e9 tha t  immediate steps shmld be taker? t 3  

Concrete pmpossls fo r  reducC,im of bias were presen5ed. 

Z purs';arce of zhe s c l u t i m  t.2 the r a i l  height specificatian problem for  
self-support K-reactor f ~ e l s ,  a~ expressim was f ~ i . d  r e l a t i r g  minbzn  
WJLUS between the  fie1 elemest and the process tcbe wall as a flP3ctioa of 
tube and Pdel elemeri3 radii, r a i l  height, ard angle subtefided a+, the fue l  
center by the rails. 
t ha t  both rails suppm5iW the -aderside of t he  f J e l  are  mcre thm l ike ly  
not eq--1 i n  height, i s  teing used i3 a cmputer skmilaticn which gives the 
d is t r ibu t im8 af miniman c*LLu as PixctioEs Df h p A t  distrikutim for  the 
independem chsracteris5ics. 
distriktim of minjmum a m a l i ,  which, 1=1 t-m, are  reqdired when performing 
heat calculstione. 
3y inspecfiozz. As azlcther applicatfm, it is possikle ta anticipate what 
wculd be the r e j ec t  r a t e  i f  the spec i f ica t im is changed f n r n  one on r a i l  
heights t o  oze 02 mirrFmrsl e ~ u l u s  w i 5 h  a revised type of gaging. 
additional shmiLa3.ozl is  keing performed t o  give the d i s t r i b g t i m  of minimum 
circmccribed c i r c l e  as a f m c t i 3 3  of inp3At dis',zib;i+,im, kcluding f J e l  e l l ip l ic i ty .  

Also i z  c a e c t i o n  with t h i s  self-s=ipport problem, addit.ioral celc-fiations 
and are being perfsm5d on "R" dats. f r J m  the ter,-tx>e t.est usillg. 

'Tnis expressim, which takes int:, a c e s a t  3he fac t  

Reszlts are  wefd ia determining the ia-reactor 

Fcr t h i s  applicstio?,, input distribitixs are  t m c s t e d  

FiGally, an 
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e APPLIED MATHEMATI;cs OEJESATION 

MONEILY REPORT - MARCH, 1963 

ORC-ANIZATION AND PER- 

J. L. Zaech transferred to Vallecitos A t d c  Laboratory as Consulting 
Statistician, effective April 5 .  

. 

P. Riggle, a technical graduate, rotated out of the group on April1 to 
take 81 assignment . .  in the N-Reactor Department. 

OPEBAI'IOBS RESEARCH ACTMTIES 

The current status of the Reactor Simulation Study for I P D  was reviewed. 
A decision was reached to push the study along despite data difficulties. 
Analysis of reactor activity data has now been brought up to February, 1963. 
Miss- data on maintenance staffing patterns is to be esttmated by field ' 

.: izl+erviews. 

A Eampling plan was developed for a proposed semimonthly survey of HAP0 

the computer as soon as programs can be developed. 
- employees. The subsequent statistical computations will be performed by 

STATISTICAL AND MAMEMAIllICAL ACTIVITIES FOR OTKER HAPO COMPONENTS 

N-Reactar Department 

Some help was given as to the type of statistical statements that can be 
made about t h e  true percentage of good fuel elements from the N-Reactor 
fuel element mesufacturlng process, based on the limited number of fuel 
elemen+Ys which have been tested to date. 

Two meeticge of N-Reactor personnel were attended to provide guidance 
regarding logical representation of reactor systems and operational ground 
rules. 

The approach to the N-Reactor reliability study has been broadened to include 
an application of the Monte Carlo method for determining percentage of time 
spent by the reactor in any of the modes of operation being considered. This 
provides a very faith- model of the reactor system and the operating rules 



measwenen5 error,  bJt 
the NZRck' routine. 

differezt rail heights. 
i=1 a process *be. The computer routine developed for  h i s  application 
w a s  als3 referred t 9  IPD personnel monitoring the aluminum process tube 
ccr rx ior?  problem, who routinely analyze large amounts of "R" data. 
p r e l h k a r y  ra was made on subsit ted data i n  comection with t h i s  applica- 
tioz?. 

"R" data give a measure of temperature bbalance 

A 

A s t z t t s t i c a l  anslysie was campleted of postirradiation dimensional distor- 
<io2 dah from IP-490 for  fke l  eleaents camed by the AlSi, the Hazford hot 
press, E d  the  Sylcor hot press processes. 
desi- was * z e d  k t h i s  tes2 t o  inswe tha t  r o t  a l l  information woqfid be 
l o s t  iz the ever;$ pcor performance by one treabnent necessitated early 
dischcge. 

A balanced incomplete block 

A r o G @  &:aiysis w a s  made af rzpture data f3r the past  two years t o  estimate 
what p r q s r t i a  of ruptirres a re  "atypical". 
examilzir,g the  distribution of llmultiple-fail?ure'' charging dates, confmded 
with " a t i p l e - f a i h r e "  lo t s ,  and was checked by observing the proportion 
of rdpttires occurring a t  exposures less  than 50 percent of goal. Under the 
existing r q t u r e  model, about three percent of the "normal" ruptures w i l l  . 
occsr at, these l o w  expos-nes. 

Data fr4m a t e s t  based on a secozd-order composite rotatable design t o  
determhe the best corditions fo r  end bonding f i e 1  elements canned under 
%he experimental hot die sizing process a re  being analyzed as the different 
yield data a re  made available. 
base bozd c o i i t s  as well as st.id-pull values frm five locations on each 
fiiel elemer-t have been analyzed. 
indica5ed hm the process variables a f fec t  these st5d-pull values indicat- 
h g  possible regioas of optimization for  these variables. 
meas~ements axe presently b e k g  analyzed. 
have beer; c m e d  w i t n  dingot cores, but %his t e s t  makes a comparison of 
dingot w i t h  ingot material. 

This es5imate w a s  found by 

To date the internal,  external, cap and 

Very useful md coxsistent resu l t s  have 

Dimensional 
Heretofore all the fue l  elemeLts 

Dats :ran Eeveral p i l o t  p l a t  t e s t s  were analyzed as reqsested. 
clusions were based 011 UT-4 md UE-1 data. Two of the t e s t s  compared "old" 
versus "new" l o t s  and the  narmal F process versus a process using a r ~  ul t ra -  
E O ~ L ~ C  deoxidizing cleankg procedure. 

The con- 

An ext,essive amount of dimensional measuring w a s  performed 03 aine process 
tubes by two hdiv idua ls  usirg two types of measurirrg devices, each 
i rdivickal  making repeat meamrements over as interval of several days. 
The resul t ing data, &ich w i l l  give valuable information not o n l y  on 

a l so  on process vaxiatioa, are  being analized usirig 

T? c9zzsctiDn w i t h  tke 
data vere s v h i t t e d  t.o 
-;2 

proposed axlit program for  C-Sasizz,  some simulated 
the 1;ERC.f rautir.e, erd the result ing output were 
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W A e r  w e d  usix methods of i n c q l e t e  block analysis. 
was &;he basis o f  a report directed t o  C-Basin persoznel to  demonstrate the kinds 
of information which will resu l t  fram a program of the m e  proposed. 

%is simulation 

An e r r x  aaalysis of a device fo r  measur- trrbe displacement was started.  
initial short $ern hvest igat ion did not produce any conclusions. 

Chemical Processing Department 

Ihe 

ReCmendstiOxl8 ,are b e b g  prepared relat ive t o  possible revisions i n  the system 
f o r  castral  of MUF’s a t  Z-P-t. 

A reviev is b e i x  made as req2ested of the current practice of using monthly 
bias cxrec t ioas  f o r  analytical  results based on monthly analyses of standards. 

Contimed asslyses are be- made on d h e n s i m a l  data fo r  parts. 
underlying process distribiltions, f ree  from the effects  of measurement error,  
are  under investigation. 

Currently the 

I n  the f i n a l  inspection of parts,  yields a t  a given s ta t ion are obscured in 
meaning, sioce once a par5 is  rejected at  a give3 station, it is not measured 
a t  e3sLfX stataons. 

Work cortimed on the refkenen5 and prog~amming of a mathematical m o d e l  of 
, spare p u t s  a3ct general inventory coatrol. 

Consideration i s  being given ways of providing meaning- 
+ f u l  yield f i g . e s  f o r  each station. 

+ 

2000 Program 

Pdse  Column Fbci l i ty  

Data f’rm a block of 16 pulse c01u.m m s ,  a portion of the f ac to r i a l  experi- 
ment t o  s t u d y  the ex t rac t im characterist ics of the column as a m c t i o n  of 
six independent variables, extracted stream teq’erature,  extracted stream 
acid concentrstim, feed stream conceatratim, feed stream and extractant 
stream f low rates, pulsi3g frequency, are  bei.?g wed t o  Investigate the 
organic volume fract ion prof i le  i n  the column. 
ing %he organic volume fraction as a f’unctian of column position and these 
independent variables is  needed t o  firm up the system of nonlinear d i f fe ren t ia l  
equa%ions expressing the mass t ransfer  dynamics h the column. 
t o  f i t  the mass transfer  m o d e l  t o  experimental organic and aqueous concentra- 
t i o a  data have beezl hampered because slzch a mathematical form was not available. 
Preliminary azalysis of the block of 16 rms bd ica t e s  t h a t  the prof i le  of the 
orgatiic v31ume fract ion i s  primarily a functio2 of the d is tmce  fran the flooding 

* 

.- Amathematical model express- 
. 

Previous attempts 
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cwve in the capac*,y-parer space. 
indepesde3t variables is also indicated. 

Sane second order depenbmce on other 

Se$s of data were submitted presenting isotopic activity as fbctions of 
distmce alcng a process tribe. 
rotsc,ine ia which the lagarithm of activity was expressed as a quadratic 
Fanc’sim of distance along the DJbe for each isotope. 
to the GEORGE routhe to calculate predicted accumulated aotivity at dis- 
crete small intervals along the tube. 

These were analyzed using the GEORGE 

An addition was made 

Cons-Jltiag assistance was provided in expressing minimum fuel cost as a 
fuxtim o price values ass ed to the isotqes of plutonium, to 

aseociated groud rides of operation. 
verj simple expressions were faund. 

americium2 f 3, and to curium2 tP for each of several reactor cases a d  
For the cases cansidered to date, 

3000 program 

An analysis of a series of tests of shear-spinning preformed rcetal blanks 
into selec%ed shapes indicated the desirability of possessing a means of 
desising such blanks which would be rapid, yet flexible to alternative 
Eelectioas of design parameters. 
mifarm shear theory, and which exhibits the desired flexibility, has 
bee3 written and placed in senrice. 

An E?3PM program, based on a modified 

The EIXPM prcgram which generates the magnetic tape input to the experi- 
mental 6 - u ~  lathe, has been slightly modified in an attempt to prevent non- 
Ymiformly spaced bits from jamming the pulse motors. 
exterior contour tape has been generated using the modified techniques 
and is preseEtly uder study 03 the lathe. 

A complete 1251 

4000 Program 

The EC[PEI progran for obtaining numerical solutims t o  a simultaneous set 
of firs$ order ordinary differeEtial equations has been completed. 
f’unctian ccaaparison subroutine was written and added to the basic program. 
Zbis program is n w  being used to study the NPR stack gas chemical reactions 
which are’vltal to the Zirconium-Graphite compatibility problem. 

A 

Progress has been made on the study of the geometry of spheres in cylindrical 
containers. In particular, a quantitative description of the observed 
phenomenon of spiraling has been developed for a limited range of sphere- 
cylinder diameter ratios. 

An eqerimental model of a vibrationally coqactified annular shaped me1 
element was fabricated which achieved a density of 93.3 percent of theoretical. 
This sets a new deisity xeccrrd. 

I 1 0 3 1 5 1  
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Swelling Studies 

The modifications to the quantitative metallography FORTRAN program for 
estimating volume fraction and density of a spherical phase in a three- 
dinersioruil. matrix from Zeiss particle size distributions were cclmpleted. 
Several debug runs indicate that the program is f’unctioning properly. 

JOOO Program 

Actinide Element Research 

The second phase of the FORTRAN program for indexing hexagonal-tetragonal 
crystals was nearly completed in March. Test data with random error com- 
ponents were successfully run on the program. 
validity of solutions have been formulated. 

Acceptable criteria for the 

A major addition to the program made during March was an alternative wave- 
length selector. 
provision for an alternative target such as iron or molybdemun. 
draft work has started to properly document these programs. 

A l l  previous programs have used copper X rays with no 
Rough 

W i n g  the month of March a new and unknown crystal was indexed frm a 
powder p.atternBm an orthorhombic basis using the program being developed 
for this purpose. 
analyzed independently, which verified that the computer solution was cor- 
rect. It is believed that this is the first time a comprehensive computer 
program has ever achieved the feat of indexing a complicated crystal, such 
as an orthorhombic one, exclusively from powder pattern data, and sub- 
sequently have the indexing proved out as correct. 

Subsequently, a single crystal of the compound was 

* 

Computation and Statistical Analysis 

Data evaluation continued durillg March in preparation for an Apll staff 
meeting in Washington 

Radiochemical Analysis 

Many impr&ents were made and many errors corrected in the new IRA I1 
system during the month of March. 
reduced the running time on several passes. 
ings of large amounts of program data were completed. 
the specification of improvements to the system. 

These improvements have significantly 
Several successful process- 

Work continues on - - 
6000 Program Q 

W 

cn Biology and Medicine 
N 

A?1 analysis of variance was started on a biology problem concerning irradiated 
triboliirm C. No results have been campleted to date. 

ED 



a 

Assistance was provided In connection with the estimation of crystal 
structure lattice constants. 
a least squares fit of X-ray diffraction data to estimate precision 
lattice constants at 90 degrees using Nelson-Riley extrapolation. 

Work resumed on a tabling program for radiation protection of density 
conversion factors. 

A procedure was outlined for performing 

Manager 
Applied Mathematics 

CA Bemett:dgl 
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The Ecooanlc Lmpact of Valuing Cm-244 and Other Spec id  Isotopes 

A part  of the Cb-244 production study ha8 been t o  assess the economic effect  
of se t t ing  various dol lar  values for  Cm-244, Am-243, (=m-242, PU-238, and 
other isotopes which are Impartant in the production of Isotope heat sources. 
This aualysis has bee2 carried out in a simulated pressurized water reactor 
operated a t  a specific pmer of 20 W/T. 
each with a variety of assumed isotope prices. 

Aa-sre I ccntains resul ts  from two chQices of h-243 and (31-244 prices as a 
democetratlon of t h e i r  e f fec t  cn f i e 1  cost .  %e pl~",cnPsn prices are held 
c o r s t w t  a t  $10 per gram fissile and the fue l  elemeLt fabrication charge is 
$40 per pc~rd of f i e l .  

Hght f3elfng s c h a e s  are considered, 

m 7.7 

Examination of Table I shows the uranim enricfied ?del cycle cost would be 
reduced about 0.1 mill. Whereas the plrttaatum in natural schemes, which 
prcdcce four or ffve times as much Am-243 and clm-244, would enjoy 0.3 t o  
0.5 x&S.l redmtiozis, n;aking the  plutoci*Jm schemes tha t  are  already at t rac-  
tii-e st; the $10 per grain price even cheaper. 

The &her f u e l l q  schemes considered (4, 5, 6, 7, a d  8) are designed t o  
iscreaee the p n i t y  of (A-244 i n  the Cm-242-Cm-2kk h t c h  formed dur- 
i ned ia t ion .  
Fu-241, captures a neu3ron. 
captcres in ,pu-242 a d  then Am-243. Tkus the  Cm-244 puri ty  is ezkanced by 
using p1utor;fLun with a high percertage of Pu-242 &*3y r e d u c i q  the 
fonnatfm of cew x-239, hz-240, and Pu-241 atms f h i n  u-238. 
Cm-241: p m i t y  is reeded bscarrse of the Ugh heat yraducLng rate of m-242. 
(About 50 tfimes greater than m-244.) 

%e Cm-242 is formed when Am-241, which is a decay prcduct of 
Cm-244 is formed by successi7e neutron 

A high 

Schemes 4 t f i r~ugh 8 03ViausXy axe riot econonicdl j  cxqetitive xithciit a 
high treat for  Am-243 and Ca-244. With the c red i t  used i n  this adLysis, 
scheme number 4, with a high iriitial Pu-242 percentage, became very campet- 
itlve. Schemrs 5 6 receive proportionately m e r  reductfoas in fie1 
cost due m o s t l y  t o  the nmnler Pu-242 prcentages.  
are mdch ltsrr dependent 03 Csn-244 and Am-243 price becawe of the  low 
plutonium cozicentration (0.03 gm/cc) . Although these achemes produce 
curium of much higher q d t y  t he  l a t te r  schenes w i l l  be investigated with 
Mgher plutcnium coacectration i n  the fuel. 

A program is being written t o  es tabl ish yields  of pure Cn-244 as a functicln 
of  decay t h e  af'ter reactor i r radiat ion.  
6rra2ged t o  al low slmultaneous i r radiat ion of p lu tcdun batches of different  
composition. 
pxrltr achieved by ecCews 7 md 8 of Table 1 but with acceptable f'uel cost 
a;?d with accegts3l.e b-244 qumt i t i e s .  

Tie last two schemes 

The Physics codes are be- 

This ehould permit achieving On-244 pxi t ies  appraaching the 

1 1 0 3 1 5 1 1  
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?h~tor~ium-240 Uti l izat ioa in Thermal Reactors 

I n  the December 1962 Programming Monthly Report (HW-75925), it was reported 
that optlmum econonlc use of m-240 i n  thermal reactors might depend on use 
of fue l  elements where geometrical self-shielding of t h e  ix-240 resonance 
vas reduced. 
shielding were suggested: 
(2) increasing the average 
use c f  a diluent of high Xs, such as beryllium oxide. 
reducing resonance gelf-shielding i s  t o  increase the effect ive cross section 
of fuel isotopes tha t  have low l y i n g  r e s o m c e s .  Although the effective 
cross sectdons of all the  fuel  isotopes are affected, the mast pronounced 
ehazgee are 13 the effective capture cross sectiozl of the Pu-240 isotope 
which has a l00,OOO bar- resonarice at 1 ev. 

Two possible methods that would reduce resonance self- 
(1) use of s m a l l  rods or th in  plates, and 

(scattering cross section) of the fuel by 
The consequence of 

S t  w 6 s  shorn previoiraly tha t  effective u t i l i za t ion  of FE-240 could resu l t  
i n  a decreaBe in fue l  cycle costs and an increase i n  plutonium value. 
effective u t i l l za t ion  i s  enhanced by the use of small rods or t h in  plates  
which also give aa additional advantage; i n  that, higher fue l  specific 
power should be possible because the r a t io  of cladding surface (heat trans- 
fer area) t o  fie1 volume is increased. These two advantages (increase of 
the R-240 cmss section azld higher s rec i f ic  pcwer) may be offset  by the  
increased fuel element fabricating a d  jacketing ( m J )  charges for  s m a l l  
Aiel rcds. 

The 

Same calculat iors  hare been made t o  determize fuel costs  arid plutonium 
value fo r  cbses where 7EFJ costs  are  increaeed simultaneously with an 
Increase i n  fuel speciflc power and a decrease in resoilance self-shielding. 
A factor tha t  has been omitted i n  the study is the increased paras i t ic  
neutron capture of the claddilzg material occurring when claddixig volume is 
increased re la t ive  t o  fue l  volume. “his could be an import.aat, factor i f  
cladding were w e d  that had a relat ively high oeu%ron capture cross section. 
However, Leut.ron capture i n  the  cladding would be o f  l e s s  inportaxe w i t h  
material such as Zircaloy, which was assumed f c r  this s t a d y .  

Xn the  MELEAGER burnup code, which was used fo r  this study, the resonance 
self-ehieldlnp i s  characterized by a parameter named SCA. Qpically, this 
parhmeter &e8 Awn values of 0.5 t o  2.0 fo r  rod sizee from &inch t o  
1/8-isch in diameter and Cs ve3tres of 0.3 t o  0.9. 
larger values of SCA correspoad t o  reduced resonance self-shielding. 

As used in MEUAGER, 

1 1 0 3 1 5 b  
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The definition of SCA used in NELEAGER is: 

where 

.*- 

this may be solved for A giving 

Seff = fuel  surface 

HW-77046 

V = fuel volume 

4 = logarithmic energy decrement of  the moderator 

X8 - macroscopic scattering cross section 

/4v = I/D fo r  a rod of diameter D, and approximately %if 
1/(2 t )  fo r  a plate  of thickness t. 

If we assume that ss of the Ate1 can be varied by a pruper choice of 
diluent material, then a range of values of SCA is possible for  a given 
Fuel rod diameter. For this discussion, w e  will asslnne that the neutron 
capture in diluent material is negligible i n  comparison t o  absorption in 
the fuel isotopes. 

I 1 0 3 1 5 1  UNcLAssIFm 
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. 

It can be seen froan Table I1 that SCA values can range from 0.87 t o  1.47 
for &Inch diameter fuel rods. 
an SCA value of 2 It w o u l d  require use of a rod sanewhat smaUer than 
&Inch diameter, even with cs values of 0.9 ( E, Iron = 0.933, 

From Table 11, it appears that t o  achieve 

beryllium - 0.865, Cs nickel = 1.60). 

TABLE II 

S a *  FOR RODS OF SEVERAL SIZES A I D  THREE VALUES OF c, 
(MACROSCOPIC SCATTERING CRCSS SECTION) GF TEE EUEL W I O N  . 

Rod SCA 
Size 1/10 in .  1/8 in, 1/4 in. 3/S in ,  1/2 in. ca - 

0.3 SCA = 1.63 1.52 1.183 0.99 0.87 

0. j SCA = 1.83 1.72 1 383 1.19 1.07 

0 09 SCA = 2.23 2 .I2 1.783 1.59 

: calculated f'xm the equation: 

i. 
- .  

SCA = S s  + 

f ie1  

D = fuel rod diameter 

1.47 

* SCA is the  resonance shielding hdex used in MELEAGER in calculating SCA, 

ss is the  macroscopic scattering cross section of the fuel + diluent. 

I 1 0 3 1 5 8  



TaMe I L I  show claddhg ccst  estlna*es by E. E. Iiantkorr? f'rcm document 
HW-743C4. 
& i x h  t o  +irch diameter w c d d  appcxhatel j r  doQ3le fuel elemect fabricating 
a JacketiHg ccsts.  
costs  were dcribled for  SCA = 2 12 conparison witk the SCA = 1 cases. 

This information indicates t ha t  reductian of fdel  rod s ize  from 

Therefore, cases have been studied where tlie FEFJ 

,%ppose we zhcose a reactor with a water-to-metal r a t i o  of ab3ut 2 (m~~322). 
Let '18 $&e, as the Case case, a 3-isch diameter fdel  rod with SCA = 1, 
Zs ie ses-zned t o  be between 0.3 6nd 0.5. If t 3 s  fue l  elemest fs cperated 
a t  a ~ p x i f i c ~ g o w e r  of 15 WIT, the pliltarli-um v a h e  fm 45, 40, 10, 5 
plutonium is $10.80 per gram f i s s i l e .  yne fuel  ca-cle c3st at  the plutonium 
vase p i : z t  is 1. j d ~ s / k ~ b .  

W s  case is row campeed with m e  i? which t3e f;el rod diameter is Gizlch. 
Table ZL:: atms that the 
ahcet .  trLzLe tkc t  for  a q-inch rod. T k i s  wouL\1 ixdicate tha t  a fitel 
s g e c i f k  mzwer of m r e  thacl do;&le wc;&d be reasczalle; so a s2eciflc power 
of 30 W/$ was choEen. For the h i z c h  f J e l  elezent, we have cfiosen an SCA 
va;e of 2, w ~ c h  ccrresposds t o  a 8, of sli&t* over 0.9. a e l  element 
fabr ica2zg  and jacketing cos+,s arc dc3Pe tha t  fsr the & f m h  diameter zed. 
I f  tk:s ~ 2 2 . c ~ L - a  is priced &t $10.80 a gren (%he ~bito~iucn value obtained 
by &P i a k f e - c e  valxe sz:l.at',on f c r  cmqsrsble C-235 emiched and plutonium 
eIlr*,ete9 eSEes x d e r  the coaiit.icns zneatiorred I s  $Le ~ret.io=ts psrsgra?h) the 
fke l  cost  f e r  the + 2 c h  e lment  cperated at 30 !WIT q e c i f i c  p=ver wodd 
be 1.k3 miX.s/kwii -- a redustran iz Piel  cos% of abet 0.1 :f a mill, 
even tko-agh F 3 X  has teen doubled. We mL&t also make a mnpr i aox  between 
ccxnpr&+e &inch (%A = 2, ITTJ = 2X) Y-235 azd  ~2.rt..c&a elezezt o2erated 
a t  3C. YW,/Z. 
1.6 xi2s per kilowa%t-kTs a d  the c c m e e p n d k g  IrzlLfferexe v a h e  of  the 
rLZrtorlm w i l l .  k e  greater -- $13 per grbm fissF1e (Sage k ,  "able X). 
a gh tceu rn  p h e  gf $io.& per grazl, kI:we-er9 the f i d  ecet for  glui;or,im 
fue2,i- is lowered to 9.42 !tw/iib v 2 i e  the  %el ccs'; for C-235 e x i c b e n t  
is raised t o  2.68 fr;r Case 4. 

It should be mted  tkat Lncreaeizg the s2ecifls gower Zss a greater effect  
than doer reducticr of the  self-shieLdhg ir h e r e a a k d  p2xt.azi-a W s e  and 
reducizsg *el cost (Table IV) . 
t o  an S a  ircreaae of 2 t o  2 )  r e i -d t e  ir? m ~ H C R ~ E ~  iz! pktcwza v d c e  of 
$1.20 per grm f l e s i l e  a& a rsdilccuisr ?;; $he €'&e3 eyeLe coet cf 0.1 of a 
m i l l  (Cases 1 ard 2, Table 3.1. 
power ci the & i x h  rod (cor resprd i rg  to the S I X 3  = 2, SC4 = 1 case) utker 
variablae beirrg 4eld csrsta=.t, then the fke l  cycle cost rctrld rlrop by 0.2 
of a m i l l  d %le pl.ixtm5um T a k e  wclild ircreaee $L.70 Fer gram f i s s i l e  
(Czses 1 azd 3# Table Tq). Note tha t  in Case 2, t L e  FZF'Z is rfie same as in 
Case 1; so t ha t  the effect  of reduced self-skieldirg c e  be cbserved W4,thout 
the  IL%rcdnct.Lo=r cf other f&stc.rE al;ch 88 EEFJ. 
recesssry ?r. 8 m k E e  the E F Z  t c  o52a.h ~ ? 1  Sck 2. k Case 4, the cmblr-ed 
effecte  ef l rcreasirg the EpeciLfla pcuer, reducing the seif-shLeldirg, a d  
imreasLzg the  fceel elezent. katr iczt izg asd jacketdzg ecat are seeno It 
agpears thaz * l e  d d c a z t  effect  is dce t o  tae  he rease  fa sIecif'Lu power 
and tha t  tte redtxticz 52  se l f - sEeld i rg  of t t e  PL-24'3 resocarxe is o f  a 
Lesser effect . 

cwer ou5s~ i  fo r  a t-iLch dl-+,er rod c m  be 

Eke Lacreased FEE7 rcises  tke ?del cc.s+, f a r  the ~ y ~ t . e m  t o  

A t  

Eedxticr! cf the schf-sUe1dic.g (correspctxding 

E it xelv p s s i k l e  t o  lncreaee the specific 

Is real i ty ,  it may 'ke 

VIK LASSIFIEII 1 1 0 3 1 5 9  - 
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specific me1 Cycle Plutonium 
Power FZ?J Cost* value 

1 2 1 15 0.61 1.5 10.80 

case SF? SCA MW,+ $/cc m i ~ s / k ~ h ,  $/gram f i s s i l e  - - - 
.._ 

2 2 2 15 0.61’ 1.4 32.00 

3 2 1 30 0.61 1.3 E .50 

4 2 2 30 1.22 1.6 13 .oo 
~~ * The fuel  cycle cost tka% resu l t s  for V-235 or Flutoaim ecrichment 

a t  the plutoriium value solittion p o h t .  

fable V s-mn&rizes plutonim values obtained t o  date i n  the xwduced uranium 
spa t ia l  corcentration study. 
reduced resoamce self-shielding may also be o b s e m d  by p e n s a l  of  the fuel 
costs a d  plutcsixn vaLues i n  this ta3le. 

The effect  of increased specific power md 

- Recent information obtaic fran HL Physics group has Irrilcated tha t  alpha 
(the rat-ia o f  the capture cross section t o  fission cross sectioc) for  PJ-241, 
may be @ester than previcusly sqposed. If the i n y e s t i g a t i x s  presectly 
being made substantiate this, the  benefits cbtained from reduced self-shielding 
may be lese; however, the becefifs obtained from cperatizq at lrcreased 
sgeciflc power when large hmouIlts c;f Pi-240 a d  Eu-241 are  present should 
remaln eesentls3ly ucckanged. 

me1 Coats of ‘5-2334-238 ~ i x t u r e s  

~ a ~ i g a t i o n  of t’-233 e;.lricJied nat-gral ard depleted trraLium fuels was 
cortfnxed. AB descx%bed izz preVi0;ts moatoly reports, tke  merits of these 
fuels depezd on t h e i r  cost re la t ive  t o  t f f i t  cf slightly enrLched uranium 
purchased frcpn the  diff’usioz cascade. 
fuels, however, can be based GI: e l t k r  of two al teraat lve schemes for the 
disposition of  the -at fael: 
the  coet o f  isotogically sepratL,?-g the V-233 f’ras t he  E-238 In a diffusion 
cascade, o r  (2) gurchasiog adcticzd V-233 fcr a recycle qe ra t ion .  
present z a r t  of the  st=;dy examhes the Erst of these choices. The recycle 
m a l e  is assumed t o  ’Ire bmcketed by this case 
csee wuch is also included. 

E i p 1  be iticlcded in a summary dccmezt.) 

The *el costs of E-233 enriched 

(1) eelling it for a price c o q a t i b l e  with 
* 

m e  

a U-233 in a pure u-238 
(%her a l t e z a t i v e s  were pxvloasly reported 

I 1 0 3 1 b l  “NCLASSLFIED 
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The p=sent Ate1 cost computation I s  sanewhat modified fromthat  previously 
desclrlbed. As before, the cost of the i n i t i a l  loading per gram of U-233 is  
independent of the enrichment level. However, the spent fie1 credit  I s  now 
based OE the  pr ice  that must be a s s i s e d  t o  the feed t o  a diffusion cascade 
such that the  cost of producing 99 pure U-233 is equal t o  the price 
i n i t i a l l y  assigned t o  the U-233. 
that the cost of producing an enrichment equal t o  the i n i t i a l  enrichment of 
the  reactor was the  same as tha t  originally assumed. Therefore, the spent 
fue l  credit  has been diminished which has, i n  turn, increased the minimized 
t o t a l  fuel  costB by roughly 0.1 mill/kw& while decreasing the Fuel value 
by roughly $1 per gram. 

In previous work, the spent fuel  pr ice  was 

Table V I  contains the midmized fuel  costs calculated fo r  batch i r radiat ion 
i n  a pressurized water reactor simulation. Also shown is the "indifference 
L'-233 vahe"  which i s  the price tha t  m u t  be assigned t o  the U-233 for  the 
f ie1 cset of the U-233 enriched fuel loading t o  equal tha t  of the U-235 
enriched loading. 
discharged *om a graded i r radiat ion i s  so depleted i n  U-233 tha t  the two- 
isotope q e n t  fue l  assumption implicit i n  this analysis i s  extremely invalid 
i n  the  graded cases. 

only batch i r radiat ion w a s  considered because the Fuel 

The data presented i n  Table V I  show tha t  the fuel costs of a l l  of the U-233 
enriched fueling modes are quite sensit ive t o  the assigned price of the 
U-233. 
shown by the fuel costs for  $5 per gram U-233) but, when the r r i c e  is 
increased, the  low priced U-235 i n  natural  o r  depleted uranium becomes more 
beneficial  (as  shorn by the fue l  costs fo r  $15 per gram U-233). 
indifference values also ref lect  the advantage of the cheap U-235 contained 
i n  nataral  and depleted uranium as  the reactor operator can afford t o  pay 
approxhately $1 Fer gram more t o  we  U-233 i n  this kind of fceling mode. 
It I s  interest ing t o  note that the indifference value for  U-235 i n  u-238 
snd fo r  U-233 i n  u-238 (modes 1 and 2) indicate tha t  the performance of 
U-233 I s  about 25$ superior i n  t h i s  reactor. 

- 
The fueli= mode has l i t t l e  importance when the price is  low (as 

. 
The 

The importance of the lower separative duty required fo r  the isotopic 
separation of V-233 f r o a n  u-238 I s  shown i n  Table V I 1  wherein fuel  costs 
w e r e  calculated for separative duty costs of $10.71 per kg and $30 per kg. 
The indifference values associated with the l a t t e r  figure were not calculate 
but would appear t o  be reduced by about $2 per gram. 
tha t  all of % b e e  calculations are optimistic because the flgure of $10.71 
p r  kg ignores inventory and tllrnaround costs, and because an optimum tails  
c q s i t l o n  is  presumed. T h i s  i s  indicative, however, of the productivlty 
of an isotopic separation scheme with low inventories such as 8 successful 
centrifuge dewlopen t .  

It should be noted 

such 

UNCLASSIFIED 
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TABLE V I  

-ZED TmAL FOEL COSTS AND CORRESPOM>R?G U-233 VALUES FOR THE 

Plufioniwn Credit= $10.24 per gram fissile 
FEFJ = $40 per pound Are1 

Dcpreciating Interest = 12.5 percent 
Nondepreciating Interest = 4.75 percent 

U-233-U-238 Separation = $10.71 per kg 
Cost of Separative Duty for 

Fuel Costs, mills/kw4, for Indifference -- DiffereEt Assigned U-233 Prices Value . 
Fuel Loading $5/m $lo/@ gWgm $/epl 

1. Cascade M c h e d  
2.21 2.21 2.21 8.00 (U-235) 

u-238 1.35 2.17 2.93 10.25 (U-233) 

Depleted . -  
1.34 2 0 0 4  2.71 u.25 (u-233) 

Natural 
1.39 2.06 2.67 ll.20 (U-233) 

(1) Pressurized Water Reactor Simulation as Described i n  TID-8502. 

(2) 

(3) 

0.4s U-235 Priced a t  $3 per kg Uranium. 

Natural Uranium Priced a t  $10 per kg Uranium. 
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TABLE VI1 

HW-77046 

MIIJIMIm TOTAL FUEL COSTS FQR BATCH IRRADIATION OF U-233-U-238 

Plutonium Credit = $10.24 per gram fissile .. FEFJ = $40 per pound fuel  
Depreciating Interest  3: 12.5 percent 

Nondepreciating Interest  = 4.75 percent 

Fuel Cost, mills/kwb, for  Mfferent 
Eeparative Duty Costs Associated with the 

Re-hricbment of the U-233 in t he  Spent me1  
Fuel hading $10 . 71/Q 930/k& 

1. Cascade Enriched U r a n i u m  2.21 2.21 

2. U-233 Enrfghed 11-238 2.17 2 -32 
I 3. U-233 Enri h d Depleted 

U r a n i U m M  2.04 2.20 

4. U-233 Enriched Natural 
uraniun ( 3 1 2.06 2.21 

(1) Pressuriqed Water Reactor Simulation as Descriked i n  TID-8502. 

(2) 0.4s U-235 Priced at $3 per kg U r d - .  

(3) Natural Uranium Priced a t  $10 per kg Uran ium.  

. .. 
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The effect o f t h e  econcmic environment on the preceding crrlaputatlons I s  shown 
i n  Table V I I I .  
enriched uranium and for the U-233 enrictmnent of depleted uranium at three 
price levels  fo r  six different econcmlc envlronments. 
is made by perturbatlng one of the values used In the base set.) The most 
s t r ik iag  conclusion shown by the  data of Table VI11 is t ha t  the U-233 
indifference value is essentially independent of the econaanic environment. 

This table shows the minimized t o t a l  fue l  costs for  cascade 

(A new environment 

TABLE VIIS 

Depleted Uranium 
Plutonium Credit = 10.24 per gram f i s s i l e  

(0.49)at $3 per kg 

FEFJ = b 0 per pound fuel  
Depreciatiw Interest  = 12.5 percent 

Nondepreciating Interest  = 4.75 percent 
except as noted 

Fuel Costs, m i ~ s / k ~ b  
For M c h e d  For Mfferent Assigned Mi f fe renee  - 

U r a n i u m  U-233 Prices, $1 Value 
10 E-T?E-- -  Perturbated Economic - - 5 Parameter and Value B e l  Loadlne; - 

1. None 2 021 1.34 2.04 2.71 11.25 (U-233) 

2. FEFJ = $20/lb 1.86 1.06 1.74 2.40 10.90 (U-233) 

3. FEFJ = $60/1b 2.50 

4. Nondepreclating 
LGterest = l C $  2.57 1.48 2.34 3-17 u.35 (U-233) 

5 .  Depreciating 
Intereat = lo$ 2.14 

6. Depleted Uranium 
Price = $ 6 1 ~  2.21 1.36 2.06 2 *73 U.10 (U-233) 

(1) h-essurized Water Reactor Simulated as Described in !ED-8502. 
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Code De-elopnezt 

Unilteracted Graded Irradiaticn 

Uninteracted graded burnup i s  a form of graded i r radiat ioa determined by the  
sgecif'ic Aiel and has a flux spectrum which varies with time accordingly. 
It is patterned oa an extremely well moderated reactor I n  which none of the 
excess Leutrons are lo s t  t o  the control system. The Isotope coccentrations 
in adjment P e l s  do not Influence tbe neutron spectra seen by each fuel. 
(Hence, "ncninteracted" , ) 

Urdnteraeted graded calc;llatlor,s are  m a d e  by the PROTEUS code by normalizing 
bEL?UGER etxis5ant power variabie flux burncp CalculaticLs t o  constant flu 
burxxz. %e rroper flux level for  graded operation Lad been cozlsidered t o  be 
t t e  t h e  werage of the W x  over the react ivi ty  iimited l ifetime as  determined 
by NEUAZFi. 
the  fiat changes during the coastant power i r radiat ion are very large as, f o r  
example, in the  decay heat source producticn Frcgram. 

Zhis i s  not quite correct, but it i s  not greatly in error  unless 

.The correct forada t ion  I s  preseatly beiag prograxcned as  the GEFL.UX s-abroutiae 
of FR2YZiiS. 
i r rad ia t icn  t h a t  i s  exactly equal t o  the cocstast specific power of  the 
M E W E 3  eeee. This i s  possible only when the graded f1;X is the cross 
s e c t i m  weighted time merage. 
o f t h e  MC~OSCO~IC fYssion cross sectfoa md the er?ergy of fission of each 
isctwe smmd over the eGtire f i e 1  G d  is ,  therefcre, a rather cmTlicated 
Fmct.icn. 
corzster;t power ol;ly i r i  the form 

It is  baeed as  having an average specific power i n  graded 

That is, the weightkg factor  I s  the product 
. 

However, the fomula C W  ke exgressed in terms cf the flux a t  

where 

$* = graded f lux  (ice,, ccns tE t  cver file1 Ufe tb i e )  

9 = batch flux (i,e., variable over %el l ifetime) 

T = react ivi ty  limited l i f e t ine ,  

It c m  be sham tha t  i f  $ is corstant or varies  slowly, the  akove formula 
reduces the famula for  the time average. 
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In addition t o  converting MELEAGER batch i r radiat ion data t o  uninteracted 
graded data, the PROTEUS code is often used t o  develop batch cases for  different 
terminal values. Although MELEAGER calculates data exactly on a six-month 
interval, the PROTEUS computation did not previously take advantage of this 
but, instead, wa8 kept general. 
this feature, PRclpEuS has been r e d s e d  and w i l l  now check the data and, if 
six-month data is given, wlll accept it and curye fit only in the  region of 
the terminal point. This feature w i l l  increase both the speed and accuracy 
of the batch computations. 

Because the new version of MEUAGER re tains  

Refinements of the Runga Klutta analysis were completed and provlsions for  
batch and graded end point calculations were incorporated in MELEAGEFI. 
format was prodded for QUICK, PROTEUS, and PLOTTER codes tha t  improved the i r  

Compatible chain systems have been organized including the above 
JASON is yet t o  be converted t o  the compatible systems. 

Output 

. usefulness. 
: codes. 

- Several MELF,AGER cross section l i b ra r i e s  have been assembled fo r  use in current 
.** reactor studies . 

~ Considerable time has been spent on adding t o ,  and Improving PLOTTER sub- 
-::. routines. 

A program by which the  l i ne  items of the Fuel Properties Table (a PLCEER 
subroutine) will be selected, by group or  by l i n e  desimation, has been 
submitted for  compilation. 
the DECAY plo ts  programmed and being campiled by EDPO personnel. 

PLOTTER input routine has been revised t o  accept 

WK Wo0ds:jm 
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c 

RADIATION PROTECTION OPERATION 
REPORT FOR THE MONTH OF MARCH 1963 

' A. ORGANIZATION AI?D PERSONNEL 

Lena R .  Smith was granted a medical leave of absence from Radiological 
R .  M, Joyce Bernard transferred from Inter- Development and Calibrations. 

nal Dosimetry to the Physics and Instrument Laboratory, 
transferred from the Biology Laboratory to Internal Dosimetry. 

Linda J. Dalton 

Bo ACTIVITIES 

Occupational Exposure Experience 

There were no new plutonium deposition cases confirmed during the month. 
The total number of plutonium deposition cases that have occurred at Hanford 
is 316 of which 229 are currently employed. 

Four plutonium incidents required special bioassay sampling of per- 
sonnel involved to determine if internal deposition occurred. 
is a brief description of each incident. 

The following ' Bioassay results a r e  now pending. 

A CPD employee received plutonium nasal contamination up to 200 d/m Et 
Con- the 234-5 Building on March 1, 1963, as a result of a glove rupture. 

tamination on the skin ranged from 2,000 to 10,000 d/m and >40,000 d/m on 
' 

, his coveralls. 

Plutonium contamination of 80,000 d/m was spread*over ~ 1 2  square feet 
of floor in the 231 Building on March 1, 1963, when a HL employee trans- 
ferred a bag of plutonium oxide into an airlock without surveying it. 
employee received 20,000 d/m contamination on his coveralls; however, no 
nasal contamination was detected. 

The 

A CPD employee received a plutonium contaminated injury at the 234-5 
Building March 11, 1963, while cutting apart a fluorinator tube in the main- 
tenance hood. 
ment indicated %5,000 d/m plutonium contamination. 
plutonium wound monitor indicated 0 014 pc plutonium present at t h e  wound 
site, 

Tho initial survey of the wound with portable survey equip- 

After two excisions e 1  x l o J  pc ( ~ 1 %  of the MPBB") remained in the 

Exmination at the 

Wound o 
3 .  

i l  

*MPBB plutonium (bone as reference) = 0.04 PC. 

! -  I -  
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Nasal contamination ranging from 3,000 to 5,000 d/m was received by a CPD 
technician when he opened an unmarked ice cream carton containing plutonium 
oxide at the 234-5 Building on March 18, 1963, 
required to reduce nasal contamination to background. Contamination on his 
face, chest and clothing exceeded 40,000 d/m. 
nasal contamination ranging from 212 to 364 d/m while assisting in the 
removal of clothing from the above technician, 
spread in levels >40,000 d/m over %300 square feet of floor. 
tamination was found on other surfaces such as hoods or benches in the room. 

Three nasal irrigations were 

A second employee received 

The plutonium oxide was 
Very little con- 

Several other hcidents of significance included the following: 

A HL radiometallurgy technician was exposed to fission product contami- 
nation at the 327 Building on March 4, 1963, while dismantling a micro- 
hardness tester,, 
tamination on his skin from 10,000 to 20,000 c/m with a maximum of 25,000 
c/m on his hair. 
contaminant appeared to be large particles. 
up, no respiratory protection was specified since the piece of equipment had 
been cleaned by immersion in alcohol. 
from the inside of the instrument. 
revealed a trace of Zr-Nb35, 
the MPBB.* * 

A survey when the work was completed revealed general con- 

Nasal contamination ranged from 4,000 to 10,000 c/m. The 
When the 30-minute job was set 

Apparently the contamination came 
Examination at the whole body counter 

The estimated transient deposition is <el% of 
.. 

During the course of a personal survey of the PRTR on March 22, 1963, 
20,000 c/m beta-gamma contamination was found inside the right shoe of a 
technologist. 
cause of the contamination, a home survey was scheduled. 
was found. 

Since there was no apparent explanation as to the source or 
No contamination 

Environmental Experience 

Concentrations of fallout materials in the air of the Pacific Northwest 
ranged from 4 to 7-pc/m3 of air, a significant reduction from 118 pc/m3 noted 
during January and February. 

Two aerial surveys were made. 
The second flight was made to measure river 

No activity 

One flight followed standard pattern 5-S 
for background measurements, 
activity from Priest Rapids to the mouth of the Snake River. 
above previously observed background was noted. 

*WBB ~ r - ~ b 9 5  (total body) = 20 p c o  

UNCLASSIFIED 
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3. 

The following 200 b io logica l ,  produce, and food samples were obtained 
f o r  radiochemical ana lys i s :  

Milk 68 samples 158 gal lons  
Oysters 2 sample8 4 pounds 
Ground Round 2 samples 4 pounds 
Beef Thyroids 35 s e t s  
Fish 93 samples 

Liquid wastes from t h e  Furex operation discharged t o  swamps have f r e -  
quently contained abnormally high concentrations of rad ioac t ive  mater ia l s  
s ince  t h e  f i r s t  of the  year ,  
t h e  operat ing component, 

This s i t u a t i o n  was c a l l e d  t o  t h e  a t t e n t i o n  of 

Studies  and Improvements 

The second phase of t h e  1131 uptake study was i n i t i a t e d  during t h e  month. 
The f i r s t  phase of t h i s  study w a s  concerned with the  uptake by t h e  human 
thyro id  of 1131 i n  milk. 
produced from da i ry  cows fed  ca r r i e r - f r ee  I13l. 
were made on e igh t  adul t  male employees who vo lun ta r i ly  drank t h e  1131 . 
l abe led  milk, 
are now being analyzed. The second phase of this study involves t h e  e f f e c t  
of 1127 on thyro id  uptake of 11% The milk i n  Phase I was produced by cows 
on a low s t a b l e  iodine (1127) d i e t .  The milk consumed t h i s  month was pro- 
duced a f t e r  increas ing  the  1127 content i n  t h e  cows' d i e t  t o  5 mg 1127/day. 
It i s  an t i c ipa t ed  t h a t  s ing le  in takes  by t h e  volunteers  w i l l  be s u f f i c i e n t  
t o  determine any d i f fe rence  i n  uptake of caused by t h e  increased l e v e l  
of s t a b l e  iodine.  
increased l e v e l s  of 1127 are planned. 

The milk, provided f o r  t he  study by Biology, w a s  
Thyroid burden measurements 

Both chronic and s ing le  in takes  were involved. These data 

Additional s ing le  in takes  of 1131 l abe led  milk a t  severa l  

Appropriation requests  were prepared f o r  t h e  remaining por tab le  in s t ru -  
mentation required f o r  r i v e r  tunperature  and dye s tudies .  

Additional aer ia l  photos were received during the  month so  t h a t  complete 
coverage of t h e  land a rea  around the  P lan t  perimeter wi th in  a rad ius  of 
50-60 milcr i s  now ava i lab le .  

Bnergcncy f i lm  processing ma te r i a l s  are now being s to red  i n  t h e  747 
These mater ia l s  include developer, f i x  and c a l i b r a t i o n  film. Building. 

The l a t te r  i tem w i l l  be changed on a regular  four-week badge schedule. 
densitometer,  an X-ray coding machine and a payro l l  number punching machine 
w i l l  a l s o  be s to red  i n  t h i s  f a c i l i t y .  

A 

Thir ty  ORML c r i t i c a l i t y  dosimeters were t r ans fe r r ed  t o  t h e  Albuquerque, 
New Mexico Operations Off ice ,  

UNCLASSIFIED 
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The experimental apparatus for the determination of the dose to the 
various parts of the body (relative to the dose to personnel dosimeters) from 
a simulated reactor beam is being assembled in the 3745-B Building. 
stand to support the phantom was completed and an actual gun barrel, tube, 
and nozzle assembly as used in the reactors was located. 

The 

Five Sandia Pulsed Reactor Facility irradiations were obtained on March 
18 and 19 at Albuquerque, New Mexico. !%e purpose of these irradiations was 
to further test the performance of the Hanford Criticality Dosimeter neutron 
spectrum measuring foils and the personnel dosimeter neutron spectrum mea- 
suring foils. Table I gives the characteristics of the five bursts obtained. 

TABLE I 

SPZ? Reactor Burst Characteristics 

Pulse Width Total Number Neutron Dose Rate* Gamma Dose Rate* 
(Half Maximum) of Fissions rad/sec r/sec 

Th 

50 IJS 
110 IJS 
500 us 

1,200 us 
25,000 ps 

2.0 x 10l6 
1,82 x 10l6 
1,42 x 10l6 
0,86 x 10l6 

6 x 106 and 1 x 107 
2 x lo6 and 5 x lo6 
7 x l o 5  and 2 x lo6 
3 x 10 and 5 x 105 
3 x 10 and 8 x lo4  

1 x 106 and 2 x lo6 
5 x l o 5  and 8 x 105 
2 x 105 and 3 x lo5 
5 x l o4  and 8 x lo4 
2 x lo3 and 5 x lo3 45 .. 1 

*' 0,42 x 

neutron sg trum measurements were accomplished satisfactorily and will 
=be reported in detail later. 

Performance tests were conducted on a small BF3 tube of reduced neutron 
sensitivity, The initial response indicates a sensitiyity reduction of 
about 35 times compared to the standard BF 
toring instruments, With the use of this ? ow sensitivity tube, the maximum 
thermal neutron dose ranges on the BFQ instrument would be 70, 700, and 
7,000 mrem/hr. 
sensitivity of the tube by a factor of 100, 

tube now in use on the BFQ moni- 

Additional efforts are being directed toward reducing the 
i 

The silicon diode neutron dosimeters were exposed to five bursts of 
The bursts ranged from about 

Measurements of the silicon diode 
radiation frcm the Sandia Pulsed Reactor, 
4 x l O l 5  fission8 to 2 x 1016 fissions. 
neutron sensitivity at various neutron energies also continued during the 
month. 

One set of eight silicon diodes was exposed to a burst of x 10l6 
fissions last January and exposed to a second burst of 2 x lo1 2 fissions 
this month. The results of both exposures are given in Table 11. 

, 

~ ~~~ 

*At exposure positions, UNCLASSIFIED 
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TABLE I1 

Silicon Diode - Burst Exposure Results 
First Exposure 

Expected Dose Neutron Dose 
(rads ) ( rads ) 

Measured 

2715 
2715 
1341 
1341 

560 
560 
289 
289 

2598 
2629 
1557 
1535 

617 
617 
259 
250 

HW-77046 

Second Exposure 

Expected Dose Neutron Dose 
(rads ) (rads) 

Measured 

1370 
1370 

595 
. 595 

287 
287 
198 
198 

390 
385 
391 
357 
306 
300 
226 
219 

The diodes exposed to the largest doses in January could not accept a l l  
of the increased damage given during the second exposure. These diodes 
appear to have approached a saturation point somewhere near 2,000 rads. 
The diodes previously exposed to 617 rads were able to accurately measure 
another 287 rads, and those exposed to 289 rads previously were able to 
measure an additional 198 rads, The accuracy in the measurements appears 
to be about 2 lo%, probably as good as the expected dose measurement. 

The sensitivities of a sampling of each type of diode were measured 
using the Van de Graaff accelerator for neutron exposures. 
shown in Table 111, 

Crystal Type 

Float Zone 
I1 n -  

11 n 
I1 ll 

W I1 

I1 ?I 

I1 I? 

n I1 

Pulled 
I1 

I1 

1) 

TABLE I11 

Sensitivity of the Diodes 

Resistivity Conductivity Base Width 
( ohm-cm ) Type (in) 

150 
150 
75 
75 

150 
150 
75 
75 

150 
150 

75 
75 

*Average of several measurementso 

P 
P 
P 
P 
n 
n 
n 
n 
P 
P 
n 
n 

The results are 

Sensitivity* 
% Chanue/rad 

0.071 
0 077 
0.056 
0.048 
0.078 
0 . 200 
0.067 
0 . 162 

0.065 
0.246 

0 247 
0,035 

UIiCLASSIFIED 
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The "pulled" p type diodes were somewhat more sensitive than the float-zone 
p or n type diodes. 
about the sane sensitivity. 

All of the diodes with a base width of 0.040" have 

The Biology Laboratory has requested additional dose measurements of 
simulated bone material. 
had been fed Cs137 were measured through .the use of ionization chamber pen- 
cils. Special dose rate measurements xere requested on three animals which 
are to be sacrificed. 

The dose rate from organs removed from sheep which 

C.  RELATIONS 

Four suggestions were submitted by personnel of the Radiation Protection 
Operation during the month. 
Two suggestions are pending evaluation, 

Two suggestions were adopted; four were rejected, 

Safety meetings were held throughout the Section during the month. 
injury frequency, vehicle accident reports, emergency evacuation procedures, 
fire warning procedures, and "Physiological Hazards of D20" xere discussed. 
Two films entitled "Safety in the Chemical Laboratory" and "Safety Everphere 
all the Time" were a l s o  shown, 

Minor 

A total of 13 radiation protection orientation lectures were presented 

L. F. Kocher presented 
to 150 personnel. 
sented to Chemical Effluents Technology personnel. 
two talks on the new Hanford film badge dosimeter to the industrial medical 
nurseso A refresher talk was given to personnel in Line Maintenance of the 
Electrical Utility Operation. 

One talk on the new Hanford film badge dosimeter was pre- 

D. SIGNIFICANT REPORTS 

Rw-76525-2 - "Radiological Status of the Hanford Environs for February 1963" 
by R. F. Foster. 

HI?-76638 - - "Radioactive Contamination in Liquid Wastes Discharged to Ground 
at the Separations Facilities through December 1962" by 
G. E. Bsckman. 

HW-76944 - - "The New Hanford Film 3adge Dosimeter" by L. F. Kocher, P. E. 
Bramson, and C ,  M, Unruh. 

HW-771b8 - - "Monthly Report for March 1963 - Radiation Monitoring Operation" 
by A,  J. Stevens. 

I 
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS 

External Exposure Above Permissible Limits 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 

Dosimeters Processed 

Hanford Beta-Gamma Film Badge Dosimeters 

Film Processed 
Results - 100-300 m a d s  - 300-500 m a d s  - Over 500 mads 
Lost Results 
Average Dose per Film Packet = mrad (ow) - mr ( 5 )  

Hanford Neutron Film BadRe Dosimeter 

Slow- Neutron 
Film Processed 
Results - 50-100 mrem - 100-300 mrem - Over 300 mrem 
Lost Results 

Hand Checks 

Checks Taken - Alpha - Beta-Gamma 
Skin Contamination 

Plutonium 
Fission Products 
Uranium 
Tritium 

Fast Neutron 
Film Processed 
Results - 50-100 mrem - 100-300 - Over 300 mrem 
Lost Results 

March 1963 

0 0 
0 0 
0 0 

7,876 18,978 

9,559 27,579 
156 4 87 
14 61 
1 15 
24 85 

5.74 6.08 
34.68 33.79 

1,665 4,873 
1 4 
1 1 
0 0 
13 42 

421 1,195 
87 149 
30 336 
0 4 
10 21 

25 83 
43 . 85 
0 0 
0 0 

UNCLASSIFIED 
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Whole Body Counter 

Subs ec t 

GE Employees 
Regular 
Incident Cases 
Terminations 
New Hires 
Special Studies 

Mon-Employees 
Children 
Vi sit ors 
Environmental Studies 

Bioassay 

G-8 

Mumber of Examinations 
347-A WBC 1963 Mobile WBC 1963 

35 
7 
4 
6 
48 

0 
1 
0 

101 
- 

Current 
Reporting Limit Analy s i s 

Plutonium 2.2~10'8 pc/sample 
Fission Produ.c't 3 .lxlO'5 pc/sample 

. Strontium 3.l~1O'~ uc/sample 

Uranium 0.14 p g m / l  Special Studies 

Tritium 5.0 UC/l 

Calibrations 

Portable Instruments 
CP Meter 
Juno .I 

GM 
Other 
Audits 

Personnel Meters 
Badge Film 
Pencils 
Other 

158 
26 
19 
6 
75 

I 

1 
3 
4 

292 
- 

Results Above 

- 
113 329 
1 25 
0 0 
47 383 
0 0 
0 0 

- 
626 2,239 
563 2,162 
0 0 

176 751 
376 80 
229 50 

Number of Units Calibrated - March _963 

648 
165 
288 

1,101 
- 

3,123 
804 

1,676 
611 * 

2,168 
570 
818 - 

3,391 

" 

c - .. 
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Miscellaneous Special Services 
Total Number of Calibrations 

AR Kcene:ljw 

Number of Units Calibrated - March 1963 

7 

. .  
I 

I .  

HW-77046 

2,853 
12,768 

RADIATION PROTECTION 

UNCLASSIFIED 
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FImANCE AND AIMIIIISTRATION 

ACCOUNTING 

Cost Accounting 

Adjustments i n  Operating Cost and Capital Equipment control budgets t o  
r e f l ec t  the most recent financial  plan issued by RLQO-AEC show: 

3 -  

-. - -  

04 Program 
Plutonium Recycle Program 
Reactor Fuels 8~ Materials 
plutonium Ceramics Research 
m-1 b o p  
Euratom 
Low & Ins t .  Waste Studies 
High Level Waste Studies 
Waste Calc. Demonstration 

Environmental Studies 
Capital Equipment 

Prototype 

05 Program 
Plutonium Physical Met. Res .  
Capital Equipment 

08 Program 
Fission Product Prod. Study 
Capital Equipment 

Previous 
Control 
Buduet 

$6 500 
2 970 

3 200 

5 
125 
403 

467 
1 144 

-- 

-- 

a0 
120 

100 -- 

Increase 
(Decrease ) 

$ 515 
(165 1 
35 
21 
1 
65 
(65) 

(3) 
3 

N W  
Control 
Budget 

$7 015 
2 805 
235 
21 
6 

190 
338 

597 
11 

1 028 

60 
140 

97 
3 

A reduction of $235,000 contained i n  the financial  plan for  the Gas-Cooled 
Power Reactor Program was not reflected i n  the  new control budget because 
the AEC indicates intent  t o  res tore  a major portion of these funds. 

An authorization i n  the amount of $57,600 t o  perform Plutonium Inhalation 
Studies for t he  U. S. Air Force during the  period August 1, 1962 t o  
August 1, 1963 was received during the month from RLOO-AEC. 

Act ivi t ies  fo r  which special accounting codes were established a re  described 
below: 

.3K Study of AEC Plutonium Power Reactor me1  Capability. A work 
order w a s  issued by RLOO-AEC for  $7,500 t o  cover travel,  sub- 
sistence, salazies and overhead of R .  D. Widrig, L. E. Mills, 
J. B. Burnham, E. A.  Evans and F. W. Albaugh. 

UNCLASSIFIED 
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.3L Participation by J. M. Nielsen i n  Operation Roller Coaster. 
Several t r i p s  a re  anticipated. 
established, but b i l l i ng  will be for  salary, indirect  costs, 
t rave l  and subsistence. 

No dollar l imitation has been 

A new program code ( ~ 6 )  was established during the month for  "Environmental 
Studies" sponsored by the Division of Reactor Development. 

The major e f for t  i n  preparing Hanford Laboratories' Budget for  FY 1965 and 
and Revision of a d g e t  for FY 1964 was completed with the publication of 
research and development proposals for the 02, 04, 05, 06 and 08 Programs. 
Review copies were provided HAP0 management and RLOO-AEC. Remaining phases 
of the budget preparation a re  under way and will be completed during April. 

General Accounting 

FoUowing i s  the  status of l e t t e r s  seeking AEC concurrence t o  certain actions 
not direct ly  covered by the  Prime Contract: 

AT-288 Participation i n  Standardizing Activit ies,  Approved 3-13-63 
ASTM Committee C-6 - Pyrolytic Materials 
(R. E. Nightingale) 

Structural Materials" (S. H. Bush) 

Work authorized by l e t t e r  under Agreement AT-6 was a s  follows: 

AT-289 AEC Monograph on "Radiation Effects on TO AEC 3-25-63 

Date Accepted 

Bust Test of Irradiated Wrcaloy Pressure T d e s  3-5-63 
for  AECL 

study of AEC Plutonium Power Reactor Fuel Capability 3-4-63 

Participation i n  Operation Roller Coaster - J. M. 
Nielsen 

3 -25 -63 

The upward trend in t rave l  ac t iv i ty  continues: 

Number of %ips Started 

FY 1962 
1963 

March - 
117 
134 

FY t o  Date 

836 
969 

In every month t h i s  f i s c a l  year except one, t rave l  has exceeded the corres- 
ponding period of the previous year. 

I 
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Revised O K s  issued were: 

OPG NO. 

H - 3  

Tltle - 

RW-77046 

1.1 Organization and Policy Guide System 

Approval Authorizations 
7.8 (pp. ll, 12, Control of Documents Classified Secret and 

44 97 Design Review Councils 
55.4.6 Printing and Duplicating 
22.3.1 (pp. 5, 6) 

13, 14) Confidential 

During the month $201,719 were transferred t o  Plant and Equipment accounts 
from Work I n  Progress accounts. 

Hanford Laboratories' m a t e r i a l  investment a t  March 1, 1963 totaled $26.6 
million as detailed below: 

(In Tilousands) 

SS Material 
Reactor and Other Special Materials 
Spare Parts 

$24 694 
1 614 

(1- Includes a reserve of $79,340 

The value of nuclear material consumed i n  research t h i s  f i s c a l  year t o  
March 1, 1963 by Hanford Laboratories i s  $3.3 million comprised as follows: 

2000 Program 
3000 program 
4000 Program 

$ 995 
894 

Results reported during the month on the physical inventory of movable 
catalogued equipment in the custody of FYnance and Administration Operation 
and Physics and Instruments Laboratory are presented below: 

Finance & Admin. Physics & Instruments 
Quantity Value Quantity Value 

4 

5 of Missing Equipment t o  
Adjusted Book Balance 0 32% 0 07% 0.235 o*l5k 

F n 7 c e  Prior t o  Inventory 1 352 $1 330 542 2 614 $2 407 349 - -  

Physical Inventory 
Missing Equipment 

Reconciled Adjustment u. 36 1 
Adjusted Book Balance 1 225 1 310 5 

- - 
UNCLASSIFIED 
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Certification invent.ory reports for the quarter ending W c h  3, 1963 were 
prepared and forwarded to Hanford Laboratories' holders of Other Special 
Materiale for completion and reconciliation with Hanford Laboratories' 
Property Accounting records. 

The heavy water inventory at  the end of March shows a loss  of 1,185 pounds 
amounting t o  $16,365. 
generated during the month. 

Heavy water scrap valued a t  approximately $1,400 was 

Laboratory Storage Pool ac t iv i ty  i s  sunmaxized below: 

Equipment 
Current Mcnth FY t o  Date 

Value - Quantity Value - Quantity 

(1- Includes U O  items valued at $81,620 on loan a t  March 31. 

D z i n g  tke month, L3 items valued a t  $18,565 were loaned and/or transferred 
i n  l i e u  of purchases. A t o t a l  of 278 items valued a t  $134,480 have been 
redirected t o  useful purposes t h i s  f i s c a l  year. 
pericd va5 $l2,778 indicating a net saving of $121,702 this f i s c a l  yeas. 

Opepatirg cost for  the same 

Total investment in equipmnt and materials in the  Laboratory Storage Pool 
a t  March 31, ig63 vas $1.3 million ilicluding Reactor and Special. Materials 
valued at  $326,438 and o t t e r  inater ids  vahed  a t  $241,603. 

- Action as indicated occurred duriLg tlie mnth  on the following projects: 

M e w  2loney Authorized Hanford Laboratcries 

CAH-962 LOW Levei Radiochemistry Efuilding $ 0 3  500)* 
CAR-995 309 Building Air CoLditicning Modification 18 000 

*Wansfer of detail design of special hoods and radiation monitoring 
devices f'rom General Electric C o q a q y  t o  Architect Engineer. . 

The follo-ving c0r.i;ract.s w e r e  processed during the month: 

CA-374 F. I. BaCg3.w 
(A-375 J. L. Povell 

.' - _  
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CA-383 Rutherford Aris 
DDW-164 Speer Carbon Company 
DDR-165 Van's Metal Spinning Company 
SA-273 Union Carbide Corporation 
SA-274 Great Iakes Carbon Corporation 
SA-n5 Speer Carbon Company 
mo- 58 &chum Instruments, UC., Spinco Division 
MRO- 59 Bechman Instruments, Inc., Scientific and Process 

Insbment Division 

During the month, $2,500 Assistance to Hanford funds were transferred to 
Hanford Laboratories from Chemical Processing Department; concurrently, 
authorization ATH-HL-~-~~-A, Consultations Service by Dr . Poritsb, was 
increased $2,000 for a 5otal authorization of $7,000. 

Accourrting for expense proJect CAH-822 - Pressurized Cas-Cooled hop Facility 
was transferred from CE&UO to Hanf'ord Laboratories during the month. 

Personae1 Accounting 

The foplowing employees will retire on April 1, 1963: 

B. L. Beaver 
S. E. Irving 
A. C. Reddell 

Normal Retirement 
Normal Retirement 
Optional Retirement 

F. B. Qinlan received a patent award, HWIR 1486, for "A Method of Prepar- 
ing a Metallic Surface to Prevent Galling During a Cold Forming Operation." 

Personnel statistics follow: 

Mrmber of Hanford Laboratories Employees 
Changes Durinp; Month 

mloyees on payroll at beginning of month 
Additions aad transfers in 
Remvals and transfers out 
Ehployees on Payroll at end of month 

Overthe Payments During Month 

Nonexempt 
Total. 

Gross Payroll Paid During Mnth 

ESrempt 
Nooexaqt 
Total 

Total Ekempt Nonexempt 

1 639 698 941 
36 7 29 

6 22 

E 
March 

$ 8 145 

$ 657 024 
654 180 

$1 321 204 

February 

$ 667 463 

UNCLASSIFIED 



Partlciration i n  Euplcyee Benefit 
P l m 3  a t  %nth End 

Pension 
Insxraac-e Pian - Persoml 

u. s. s a v i ~ s  Bonds 
- Dependent 

Stock Boaus Plaa 
sadngs P i i a  
savings and security Plan 

Good Nziglibor Furd 

Ltfe Ir;sa-axe 
Weekly S icbeas  an4 Accident 
Coqreteasive Medical 

' I E E E C A L  ADMINISTRATION 

H-6 HW-77046 

. -  March February 
. Number Fercent Number Percent 

- 1 475 99.4 1 461 99.b 
401 397 

.- 1 241 99.9 1 235 99.8 

155 42.6 157 43.4 
67 4.1 69 4.2 

1141 88.7 1 136 88.7 
- 1178 71.4 1 178 71.7 

Number A m o u t  Number Amount 

?. 0 $ -0- 1 $16 800 
ll 629 10 8i;3 
72 3 922 81 4 422 

120 - 10 433 

$14 984 229 $34 003 . ' 203 - 

Thirfy n c r e x a q t  reqaisioions were f i l l e d  during the month; 22 remain t o  be 
f i x e d  

Suggestioz; €Ian activi%y shoved 55 suggestions received, 22 adopted, 16 
rejected azd 174 i n  process a t  mrrth end. 

Infomation an3 Prese3taTlons 

Visitors C e n t e r  act.ivity is summarized below: 

m c h  attendance 
Average per day cpco (March) 
om*tive at.t.endam e since 6-13-62 
Cocducted groups 

Plat t ou r  ac t iv i ty  totaled: 

G e s E r a l  Public Relations Wurs 
Spezial Tbws 

1 533 
69.6 

- .  
40 025 

6 (t.ot.aling 220 people) 

Number Total People 

12 278 - 51 
329 

1 1 0 3 3 8 3  
.- 
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Thirty-twc locations aside from the Visitors Center have been delineated 
and cleared fo r  touring. 
(Biology, Shielded Analytical Lab, High Level Cells, Van de Graaff Genera- 
to r ,  and Exponential Pi le)  wish t o  handle t h e i r  own presentations. Pre- 
sentations have been written for  the f i rs t  three. 

Personnel i n  all but f ive components involved 

I n  addition t o  the above, tour stops in the 700 Area have been arranged 
for  ccjmmercial and stenographic high school students. Examples include 
Ceatral Duplicating, Data Processing, M a i l  Room and Stenographic Practices. 

Document information flow during the month was comprised of 1,646 t i t l e s  
(10,129 copies) received a t  Hanford and 55 t i t l e s  (5,175 copies) sent 
off-ei te  

The AEC Division of Technical Information Extension has requested use of 
the Hanford prepared bibliography "Review of Power and Heat Reactor Designs, 
Domestic and Foreiga," for AEC information displays i n  Bogota, Columbia, and 
Vienna, Austria. 

Professional Placement 

Advanced Degree - Nine Ph.0. applicants v i s i ted  HAP0 fo r  employment in te r -  
views. 
received. 

Five of fe rs  were extended; one acceptance and no rejections were 
Seven offers  a re  currently open. 

BS/MS (Direct Placement) - Nine offers  were extended. 
and one reject ion were received. 

Three acceptances 
Twelve of fe rs  a re  currently open. 

BS MS Pro am - Sixty-one offers  were extended. Twenty-two acceptances + and I re ject ions were received. m r e n t  open of fers  t o t a l  162. 

Technical Graduate Promam - Five technical graduates were placed on per- 
manent assignment. 
terminated. 

%-o new members were added t o  t t e  r o l l  and two members 
Current grogram strength i s  41. 

FACILITIES ENGINEERING 

Projects 

A t  month's end ~ c i l i t i e s  Engineering Operation was responsible for  nine 
active projects having t o t a l  authorized f'unds in the amount of $6,300,500. 
The t o t a l  estimated cost of these projects i s  $7,745,000. 
thro- February 28, 1963 were $650,000. 

Ekpenditures 

UNCLASSIFIED 
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The folloving summarizes project ac t iv i ty  i n  March: 

HW-77046 . 

Number of authorized projects a t  month’s end ------------------- 

Projects awaiting AEC authorization. ............................ 
CAH-985 - Addition t o  the 222-U Bullding 
CAH-986 - 300 k e a  Retention Waste System ESrpansion 

Project proposals complete or nearing completion --------------- 
. .  Heat Transfer Apparatus for  Model Studies 

High Temperature Lattice Testing Reactor 
Plutonium Recycle Cr i t ica l  Faci l i ty  Conversion t o  Light Water 
PRPi Storage Basin and Ekperimental Fac i l i t i es  Modifications 

The current s ta tus  of projects authorized or awaiting approval is: 

CAH-916 - libels Recycle P i lo t  plant - Design i s  complete. 
for  construction was issued W c h  1, 1963, and bid opening i s  scheduled 
for  April 10, 1963. 
the  construction s i t e .  

The bid package 

Soi l  bearing t e s t s  a r e  currently being performed a t  

CAH-922 - Burst Test Faci l i ty  for  Irradiated Zirconium Tubes - Construction 
work was star ted on February 27, 1963. All work t q  be performed by the CPFF 
Construction Services Contractor pr ior  t o  start of work-by the Fixed-Price 
Contractor has been completed. 
s t ee l  waste c r ib  l i ne  and t o  a s a t &  sewer l ine .  
loading dock and s t a i r s  have been poured. 
February 27, 1963. 

Tie-ins have been made t o  the s ta inless  
Concrete w a l l s  for a 

Procurement by GE was star ted 

CAH-936 - Coolant Systems Development Laboratory - Construction is  complete 
with minor exceptions. A-oject w i l l  be closed out April 1, 1963. 

CAH-958 - Plutonium f i e l s  Testing and Evaluation Laboratories, 308 Building- 
A l l  design drawings were submitted t o  the Commission March 8, 196’3. A - _  - r -  

revlsed project proposal requesting an extension of directive completion 
date and authorization of procurement f b d s  has been submitted t o  the AEC. 
To date no action has been-taken. 

CAH-962 - Low Level Radiochemistry Buildinp; - The 
a design contract with Leo A. Daly, Architects of 
design of t h i s  fac i l i ty .  

Commission has negotiated 
Seattle, Washington for  

UNCLA SSI FT ED 
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CGH-974 - Analog Simulation Fbcili ty - The project proposal was returned 
unapproved by the  Commission on March 4, 1963. 

CAH-977 - h c i l i t i e s  for  Rsdioaetive Inhalation Studies - The design 
c r i t e r i a  vas approved by the Commission on February 25, 1963. 
action has been taken. 

No further 

CAH-982 - Addition t o  the Radionuclide‘Facilities, 1414 Building - The 
c r i t e r i a  i s  essent ia l ly  complete and an estimate prepared based on the  
c r i t e r i a .  

CAE-985 - Addition t o  the 222-U Building - The Commission has indicated 
acceptance of this project. It will be funded from FY 1964 General Plant 
Projec’; f’u=uis unless FY 1963 f’unds become available later this f i s c a l  year. 

CAH-986 - 300 Area Ret.ention Wast.e System Expa nsion - The project i s  
awaiting authorization by AEC. 

CGH-992 - Additional FJel Loading Equipment - 308 Building - All design 
has been completed. The design and design c r i t e r i a  were approved by the 
AEC with minor exceptions on March 25, 1963. 
check e s t h % e  on t h i s  project; this estimate i s  presently being made by 
CE&uO. Work on removal of 
the remaining equipment will resume shortly a f t e r  April 1. 

The AEC has requested a 

Proc-nement i s  continuing for t h i s  faci1it.y. 

CAH-995 - A i r  Conditioning Modifications, 309 Building - A Directive autho- 
r iz ing  the project was issued on March 13, 1963. 
authorizing $18,000 to the General ELectric Company was received March 26, 
1963. 

The AEC Work Authority 

Requisitions for  engineered equipment have been issued. 

Engineering Services 

Engineering s e r d c e  mrk was provided t o  research and development personnel 
as requested. Principal accoql is-ments  were: (1) design of power supply 
for gas loop i n  314 building, (2) design of control c i r cu i t s  for  irradia- 
t i on  studies loop, (3 )  trouble-sfiootiq on 108-F radiation source handling 
equipnent, and (4) continuation of design and supervision of fabrication 
of c-1 loop. 

Pressure S y s t a s  

Ebgineering review and ilrspection of pressure systems continued. 
Travelers Inrmrance inwector  witnessed the pressure t e s t  and inspected 
the  EDEL-I. 
mendations were made. An audit  of t.he*piping systems i n  325 building was 
begun. 

The 

Inspection was made of the 308 building autoclaves and recom- 
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Plant m i n e e r i n g  

Consulting service was provided t o  maintenance and operating forces. Other 
work performed included: (1) completio-n of emergency power study and load 
survey, (2) i n i t i a t ion  of procedure for  complete operating t e s t  of 300 Area 
emergency power system, (3) analysis of 325 building "B" unit  heater trans- 
former t o  correct fa i lure  f au l t  and replacement of transformer, (4) elec- 
t r i c a l  design for  th i rd  floor offices, 328 building, (5) review of bids on 
retention waste monitoring system, (6) completion and tes t ing  of two of 
three dual f i l t e r  boxes for  325-A cel ls ,  (7) ins ta l la t ion  of 308 building 
supply air back draft dampers, and (8) consultation with Effluents Tech- 
nology personnel on 747 building fume disposal. 

Fac i l i t i es  Operation 

Costs for  February were $241,741, which i s  134s of the  forecast for the 
month. 
During this month (1) improvement maintenance was $35,870 as compared with 
$15,000 forecast, (2) steam cost was $56,794 as compared t o  $kO,OOO pre- 
dicted, and (3) engineering cost $26,400 against an estimated $14,000. 
sent expenditure forecasts indicate budgeted f b d s  ViU be adequate. 

The t o t a l  cost t o  date i s  $1,290,836, which is 94$ of the predicted. 

B e -  

Wast.e disposal operations during February, compared t o  the prevlous month, 
a re  summarized below: 

Concrete barrels disposed 
Crib waste gallons 
Loadluggers of dry waste 

January February 

8 20 
290,000 220,000 

-29 29 

Liquid waste disposed *om the 321 building t o  the 216 BC trench was 
3,500 gallons. 

Physical t es t ing  has been completed on waste t r a i l e r  No. 5473. 
cant wear was noted. 

No signifi- 

The floor between 308 building's supply fans 3 and 4 has been opened i n  an 
attempt t o  detect  a leak i n  the l i nes  buried underneath the floor. 

The #b process water w e l l  pump casing was broken bnday, March 25. 
cause was unhown b u t t h e  par t s  were fixed and service restored by March 28. 

The 

The equivalent of 90 drawings were completed during the month for  an average 
of 36 man-hours per drawing. 

- _  
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Major jobs i n  progress are: (1) PRTR as-builts, (2) PRTS shim rod control, 
(3) Bpi clsddiq cutter assembly, (4) PRTR process tube and fuel handling 
carriage, ( 5 )  108-F inhalation studies hood, (6) equipment for salt-cycle 
process, 325-A, (7) capillary loading glove box, 308, (8) as-built draw- 
ings, PRP critical facility, (9) as-built drawings, control panel critical 
mass labcratory, (10) vacuum welder, 306, and (ll) fuel element molds, 306. 

Work performed by C E W O  and Bovay Engineers during the month was 40 man- 
hours and 100 man-hours respectively. Work assigned was 76 man-hours to 
Bovay . 
Construction Supervision 

Activity during the month on construction work (J. A. Jones Company) being 
performed for Hanford Laboratories components is given below: 

Waste 
Unexpended Calcination 
Balance (Job 7005) 

Orders outstanding beginning of month $149 322 $314 368 
Issued during the month (inc. suppl. 

J. A. Jones expenditures during month 

Balance at month's end 151 099 275 400 
Orders closed during month 

and ad j . ) 123 083 

(incl. C.O. costs) 121 306 38 968 

87 209 

In addition, work on seven maintenance work orders having a total face value. 
of $15,864, issued to plant forces, was supervised. 

Major nonproject jobs in progress are: 
108-F, ( 2 )  installation of plant growth room, 108-F, (3) rembishing 
laboratories 402 and 403, 108-F, (4) building modifications, 146-m, ( 5 )  
construction of waste trench - 216 Bc, (6) installation of intercom system, 
231-2, (7) emergency repairs to meteorology towers, (8) construction of 
offices, 306, (9) roof replacement, 306, (10) installation of gas loop 
heater, 309, (U) installation of alarm and annunciator system, 309, (12) 
construct hatchway in 321 roof, (13)  construct room for  computer and 
contzols, 32l, (14) duct and filter box repair, 325, (15) construct ex- 
terior stair, 325, (16) modify fie1 inspection development facility, 326, 
and (17) waste calciner for 324. 

(1) propane piping replacement, 

Fourteen purchase requisitions totaling $61,000 were processed during the 
month. Total value of equipment being purchased is $100,000. 

Finance and Administration 
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04 PROGRAM - =TOR DEVELOR4ENT . 
PLU!IBNIUM FECYCIE PROGRAM 

Plutonium Recycle Test Reactor 
7 -  

Ope ra t ion 
4 Reactor output f o r  March was 963 MWD f o r  an experimental time efficiency 

of 63% and a plant efficiency of 57.6%. 
during the month, one of which was terminated by a scram as a resu l t  of 
pressurizer high pressure following malfunction of a pressure control 
valve. Two shutdowns were made because of high Q O  collection i n  the 
recovery system, two were a resu l t  of personnel errors ,  and one was 
required when both high pressure helium compressors f a i l ed  t o  function 
properly . 

There were six operating periods 

The core loading on March 1, consisted of 22 U%* elements, 22 AI.-Pu 
elements and 41 mixed-oxide elements. 
of 19 Uo;! e lemnts ,  22 AI.-& elements and 44 mixed oxide elenents. 
exposure his tory a t  month-end was: 

A t  month-end the core consisted 
Fuel 

~ a x i m u m  UO, exposure/element 3030 MwD/m 
Average U02 exposure/element 2124 MwD/TLT 

Maximum Moxtyl exposur&/e lement 
Average Moxtyl exposure/elenent 

~ i m u m  U - P ~  exposure/element 85.8 MWD 
Average Al-Pu exposure/element - 69.8 MWD 

49.1 MWD -82 MWD/TU 
32.0 MWD t 4640 MWD/TU 

The s ta tus  of various t e s t  elements on March 31, 1963, is shown below. 
Those test  elements which had reached t h e i r  assigned goal exposure or  had 
been permanently discharged f o r  other reasons pr ior  t o  March 1, 1963, have 
been deleted from t h i s  table.  

PRTR h e 1  Date Approximate 
Test Channel Element I n i t i a l  Date D i s -  Accumulated - NO. Location Number Description Char~e  charged MWD 

t 
- -  10 

10 
13 
14 
14 
14 
37 
33 
37 
37' 
37 

Bas i n  1082 
Bas i n  1067 
1853 5094 
1956 5097 
1356 5098 
1758 5099 
1449 1096 
1649 1097 
1552 1098 
1548 1099 
1651 1100 

U% -Hot Swage 
U@-VipaC 
Al-Pu Physics 
Moxtyl-Swaged 

uo;! Physics 
uo;! Physics 
U% Physics 

uo, Physics 

Moxtyl-Vipac 
Moxtyl-Vipc 

U% Physics 

111 3/ 61 
11/3/63 
12/3/63 
4/2/62 
5/8/62 
5/8/62 
5/12/62 
5/12/62 
5/12/62 
5/12/62 
5/12/62 

3/26/63 
3/26/63 

84.8 
87.9 
8518 
21.8 
46.8 
41.2 
53.1 
52.2 
48.8 
50.6 
43.7 
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PRTR Fue 1 Cate Approximate 
Test Channel Element I n i t i a l  k t e  D i s -  Accumulated - No. Location h b e r  Description CharB;e charged MWD 

32.8 1 11 1 1 1  48 ~ 4 3  5150 Moxtyl (2 xp pads) 8/1/62 -- I 5116 Moxtyl (clip-on pads) 5/8/62 -- 33.6 27.5 w/Clip 
5117 Moxtyl (clip-on pads 5/8/62 -- 49.1 t 34.1 w/clip 
5118 Moxtyl (clip-on pads 5/8/62 -- 47.5 (32.5 w / C l i P  

54 1948 
54 1443 
54 1459 

A t o t a l  of 5.9 kilopams of plutonium were recovered a t  the Redox plant, from 
32 irradiated Al-RI fuel elements. 
was as follows : 

Composition of the f inal Redox product 

h-239 74.678 
Fu-240 21.468 
Pu-241 . 3.418 
Pu-242 0.440 

D20 and Helium losses f o r  the month were 1,175 pounds and 112,642 scf, 
respectively . 
Equipment Expe rience 

A t o t a l  of 104 outage hours were charged t o  repair work. 
hours, was required fo r  high pressure helium compressor repairs, 16 hours were 
required f o r  gasket replacement, and 18 hours were required for  helium valve 
repairs t o  eliminate in-line leaks. 
severe wearing of piston rings. 
gaskets were replaced. 
systems was traced t o  the shaft of the core blanket blower and i n l e t  f i t t i ngs  
of one low pressure helium compressor. Corrective work and elimination of O2 
required 14 chargeable hours of outage ti=* 

The majority, 62 

Compressor d i f f i cu l t i e s  were traced t o  
Four tube-to-nozzle and 7 j-r-to-tube 

Air inleakage result ing i n  high 02 content i n  the 

Repair of one irradiated shim rod assembly (originally considered impractical) 
was campleted in the fuel e lenmt  examination f a c i l i t y  and repair of another 
was partially completed. 

Preventive' xmintenance required 273 manhours or  5.6% of the t o t a l  maintenance 
e f for t .  

hprovement Work Status (8ignif icant 'Items ) 
1 

Work Completed : 

Fuel t ransfer  hois t  replacement 
Core blanket blower sea l  modification 

I 1 0 3 1 9 0  
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Work Par t ia l ly  Completed: 

Enlarge Chemical Feed System 
Reactor Core Level Indicator 
Primary b o p  Drain and Flush Valve Modifications 
Interlock Between C-D Machine Shroud Seat and Discharge Hoist 
Shim Rod Connector Modifications 
Recording Ammeter f o r  Primary Puzuys 
Control Room Cr i t ica l i ty  Alarm 
Shim Well Rot-ter Modification 

Design Work Conipleted: 

Pressurizer Vent Valve Relocation t o  Minimize D20 Loss 
Compressed Air Supply Elodifications 
384 b r g e n c y  Power t o  Primary Pumps 
Low Pressure L i g h t  Water Injection Control Valve 
Actuator with Hydraulic Snubber fo r  Bottom Blowdown Line 
Flash Tank Modification 

Design Work Partially Completed: 

Additional Fuel Storage and EStanination 
I n s t a l l  Vibration Snubbers fo r  Earthquake Protection 
Effluent Activity Monitor Replacemnt 

Process Engineering and Reactor Physics 

PRTR Test 61 was prepared t o  i r radiate  six mixed-"oxide elenents which have 
cobalt-zirconium wire wraps and which have three rods in  each element 
containing highly homogenized sintered pellets of U02-Pu02, f o r  physics 
burnup studies. 

Vibration data were obtained at  the out le t  nozzle of a few selected 
process tubes as the primary pump combinations were changed. 
3 pump combinations indicated a pulsing e f fec t  which occurred a t  approxi- 
mately 5-second intervals.  
t o  be stable.  

The #2 and 

Pumy combinations 1 and 2, and 1 and 3 appeared 

Additional analyses of functional tes t ing  of emrgency backup systems were 
completed. 

A study of f u e l  element "allowable time without cooling" with respect t o  
the maximum jacket temperature which w i l l  s t i l l  permit reuse of the fuel 

A report has been issued. 

element was completed. A draf t  of the 

Additional analyses on the  l ight  water 

report has been prepared. 

injection system were completed. 

UNcLASslFm 
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Procedures 

Revised Operating Rrocedures Issued 6 
Revised Operating Standards Issued 11 

5 Temporary Deviations t o  Operating Standards Isstaed 
Revised Process Specifications accepted f o r  use 1 
Maintenance Manuals and Procedures Issued 0 

Drawing AS -Built S t a t u  : 
Approved f o r  as-built  
Ready f o r  approval 
In Drafting 
Voided 

Scheduled f o r  review 

March 
27 

Personnel !training 
b l i f i c a t i o n  Subjects 
Specifications, Standards, Procedures 
Emergency Procedures 
Maintenance Procedures 

Status of Qualified Personnel a t  Month-End 
Qualifies Reactor Engineers 
Qualified Technicians 
Qualified Technologists 
Provisionally Qualified Technologists 

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

Total 
s 937 

6 
27 

- 

406 (34 dwgs added) 
1-455 

322 manhours 
26 
10 

a 
6 
16 
1 

Nineteen uninterrupted days of beneficial use were realized. 
was established. 
t i v i t y  measurements were: performed as planned. 
accomplished. The i n i t i a l  c r i t i c a l i t y  milestone occurred on March 21. 
dicator of exper-ntal qymtity,  the 19 days of experimental t i m e  yielded 22 
period measurements, 5 flux traverses, 2 f o i l  irradiations,  and 127 sets of multipli- 
cation data (each set comprising 3 - 5 count rate records for up t o  8 neutron 
counters). 

The i n i t i a l  loading 
Parer calibrations, rod calibrations, and moderator level  sensi- 

Expected experimental resul ts  were 
As an in- 

-_ 

Biological shielding in tegr i tyhas  been checked and found 60 be adequate f o r  present 
operating- conditions with fuel. 

2 

Design was completed f o r  a noderator heater. 
c i r cu i t  was converted t o  24 VAC. 
moderation was completed. 

!be safety rod "In" limit l igh t  
!The scope of requirements fo r  conversion t o  %O 

UNCLASSIFIED 
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Fuel Element Rupture Test Faci l i ty  (Ro jec t  CAEI-867) 

a . 

t 

HW-77046 

Mxhanical design tes t ing was 90s complete. 
and 600- was completed on 3-24-63. 
follows : 

A 24-hour tes t  at  2000 psig 
Work s ta tus  of nrajor elements of work 

Sampling system - 605 complete. 
~ e a k ~ g e  collection system - IO$ complete. 
B Cell t e s t  section instalSation -. 30$ complete (fabrication - complete) 
Shielding instal la t ion - 05s complete. 
Revised r e l i e f  systems - 95s complete. 
Emergency depressurizing valve - complete. 
In le t  piping shutoff valve - complete. 

Operation 

The operating group participated i n  design testing. 
manhours were devoted t o  training. 

One hundred and sixty 

GAS COOLED POWER REACTOR PROGRAM 

Pressurized Gas-Cooled Loop Fac i l i ty  (Ro jec t  CAH-822 ) 

Rode c t  Status 

R o j e c t  status remains a t  94s complete. 
due t o  a second thrust  plate  failure. 
blowers by mid-April. 

Helium shroud coolant system t e s t s  were conducted with some d i f f i cu l t i e s  but 
s a t i s f ac to r i ly  dependent upon final analysis. 

Blower delivery was again delayed 
The vendor was advised t o  ship these 

, 

. I  

. _- 

Operation 

Ihe operating group participated i n  design tes t ing.  
manhours were devoted t o  training. 

One hundred and twenty 

TECHNICAL SHOPS OPERATION 

Tot81 productive t i m e  fo r  the period was 23,194 hours. 
hours p e r f o m d  i n  Technical Shops,4,.809 hours assigned t o  Minor Construction, 
3,702 hours assigned t o  of f - s i te  vendors, and 1.26 hours t o  other project shops. 
Total shop backlog is  28,679 hours, of which TO$ is required i n  the current 
month with the remainder distributed over& three-month period. Overtime hours 
worked during the month was 6.2$ (1,160) of the t o t a l  available hours. 

This includes 15,557 

UNCLASSLFIED 
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Distribution of time was as follows: 

Man-Hours 9 of To ta l  

N-Reactor Department 3,845 16.58 
I r rad ia t ion  Processing Department 3,964 17 09 
Chemical Processing Department 617 2.66 
W o r d  Laboratories 14,768 63 67 
Construction Engineering and Ut i l i t i es  0 0 

Requests f o r  emergency service decreased slightly requiring an overtime r a t i o  
of 6.2$ versus 8.15 f o r  the previous month. 

LCCBORATORY MAINTENANCE OPERATION 

Msnpower u t i l i z a t i o n  f o r  March is summarized as follows: 
tine real ized was 18,100 hours of a possible 19,100 hours poten t ia l ly  available.  
O f  the total productive time realized, 87$ was e-ended i n  support of Hanford 
Iaboratories components, with the  remaining l3$ directed toward providing service 
f o r  other HAP0 organizations. Overtime worked during the month L I S  2.6% of t o t a l  
avaik-ole  hours. 

Total productive 

A. Shop Wsrk 
B. Maintenance 

1. 
2. 
3. 
4; 

C. R&D 

3 200 hours 
7 600 hours 

c 

Preventive Maintenance 1 900 hours 
W r g e n c y  o r  Unscheduled h in tenance  1 900 hours 
Normal scheduled mintenance 3 800 hours 
Overtime 500 hours 
Ass is  tance 7 300 hours 
,- 

Manager 
Test Reactor and Auxiliaries 

WD Richmond :bk 
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INVENTIONS OR DISCOVERIES 

I 

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 repor t  except as l isted below. Such 
persons further advise that, for the period therein covered by this report ,  
notebook records,  if any, kept in  the course of their work have been 
examined for possible inventions o r  discoveries. 

INVENTOR 

G. F. Garlick 

E. M. Sheen 
W. W. Schulz 

G. E.  Benedict and 
L. K. Mudge 

G. E. Benedict 

F. A. Scott and 
H. J. Anderson 
Walter B. Jackson 

TITLE OF INVENTION OR DISCOVERY 

HWIR-1611, A Technique for  Measure- 
ment of Neutron Dose 
HWIR-1612, A Novel Count-Rate Circuit  
A Process  for Dissolving Irradiated 
Pu-A1 Alloy Fuel  
Preparation of Certain Metal Oxides and 
Mixed Oxides by Electrodeposition from 
Molten Chloride Salt Solutions (HW-76828) 
Precipitation of UO2-PuO2 and UO2-ThO2 
Solid Solutions by Hydrolysis of Their  
Chlorides in Molten Chloride Salt  Solutions 

Method of Preparing UOS and Other 
Uranium Sulfides (HW-76963) 
HWIR-1602, Controlled Rotation 
Cylinder 

(HW - 7 6827) 

Manager , Hanford Laboratories 
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