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SUMMARY 

CIVILIAN POWER REACTORS 

SPECIFIC FUEL CYCLE ANALYSIS 

Preliminary ca lcula t ions  of t h e  A-C Large Fast Reactor using 
s l a b  geometry with t h r e e  core regions,  four blanket regions,  and one 
r e f l e c t o r  region were completed. 

VESTA - Final  copies of t h e  r e p o r t ,  BNWL-285,  reeding I s n ' t  
Everything - The Economics of Uranium conservation," a r e  now being 
c leared f o r  general  d i s t r i b u t i o n  i n  August. 

DAEDALUS - The code t o  t r a n s l a t e  MELEAGER burnup d a t a  i n t o  a 
l i n e a r  programming problem has been wri t ten .  

CONCEPTUAL REACTOR DESIGN STUDIES 

Cost es t imates ,  with t h e  exception of s i t e  preparat ion and 
spec ia l  f a c i l i t y  charges which may be incurred a t  t h e  various s i t e s ,  
have been e s s e n t i a l l y  completed, and a d r a f t  of t h e  study repor t  i s  
i n  preparat ion.  

A comment i ssue  r e p o r t ,  "Comparison of u~~~ and Plutonium 
Fueling f o r  a Fast  Oxide Breeder Reactor," has been prepared. 

Work i s  continuing on d r a f t i n g  a document describing analys is  
of a n i t r i d e  f u e l  cycle i n  f a s t  breeder power reac to r s .  

USAEC-AECL COOPERATIVE PROGRAM 

Hydrogen analyses on t h e  f i r s t  s e t  of zirconium specimens 
exposed i n  t h e  ETR G-7 loop under t h e  cooperative USAEC-AECL program 
showed e f f e c t s  of a l l o y  and preautoclaving. There was no marked 
e f f e c t  of f l u x  on in-reactor  hydrogen pickup. Weight gain analys is  
of t h e  second s e t  of USAEC-AECL specimens i s  under way a t  Ba t t e l l e -  
Northwe s t .  

The e l e c t r i c a l l y  heated t e s t  sec t ion f o r  studying both turbu- 
l e n t  mixing and flow diversion i n  two interconnected channels was 
assembled and i s  i n  t h e  process of being i n s t a l l e d  i n  t h e  experi- 
mental f a c i l i t y .  

Debugging and modification of t h e  hydrodynamic model f o r  
analog computer s tud ies  of t h e  BLW-250 nuclear and hydraulic s t a b i l i t y  
were continued. Reasonable agreement between r e s u l t s  of t h e  modified 
analog program and AECL ca lcu la t ions  using t h e  HYDNA d i g i t a l  computer 
code was obtained f o r  simple cases.  





The hydrodynamic model being used f o r  t h e  analog computer 
study of t h e  BLW-250 nuclear  and hydraul ic  s t a b i l i t y  now shows 
t h e  s a l i e n t  f e a t u r e s  expected during t r a n s i e n t s  i n  r e a c t o r  power. 

E f f o r t s  t o  develop c a l c u l a t i o n a l  methods f o r  determining 
parameters f o r  use  with a k i n e t i c s  model based on coupled r e a c t o r  
theory  a r e  continuing.  

A s e r i e s  of crack propagation t e s t s t o  determine t h e  e f f e c t  
of t h e  o r i e n t a t i o n  of t h e  s t a r t i n g  crack  has been i n i t i a t e d .  

Tes t s  throughout a range of flow r a t e s  continue t o  show loop 
p res su re  f l u c t u a t i o n s  which a r e  s u b s t a n t i a l l y  g r e a t e r  than  t o l e r a b l e  
f o r  p r e c i s e  c reep  deformation measurements. 

APPLIED AND REACTOR PHYSICS 

PLUTONIUM CRITICALITY STUDIES 

C r i t i c a l i t y  experiments were continued f o r  determining c r i t i c a l  
t h i cknesses  of ba re  and water r e f l e c t e d  " i n f i n i t e "  s l a b s  of plutonium 
n i t r a t e  so lu t ion .  Measurements were performed wi th  t h e  42-inch water 
r e f l e c t e d  s l a b  v e s s e l  i n  t h e  th i ckness  range of 4.5 - 6.5 inches.  

Work was begun on a cooperat ive r e sea rch  program between t h e  
Universi ty of Washington and Battelle-Northwest.  The program involves 
con jo in t  research  p r o j e c t s  wi th  t h e  Department of Nuclear Engineering 
and t h e  C r i t i c a l  Mass Physics  Sec t ion  of Battelle-Northwest.  

HIGH TEMPERATURE REACTOR PHYSICS STUDIES 

A con t rac t  has been awarded f o r  f a b r i c a t i o n  of t h e  r a r e  e a r t h  
oxide-nickel p l a t e s  f o r  t h e  a c t i v e  element of  t h e  s a f e t y  b lades .  

The i n s u l a t i o n  of t h e  r e a c t o r  s h e l l  has been completed. A l l  
g r a p h i t e  f o r  t h e  r e a c t o r  block has been received and i s  being s tacked 
t o  in su re  aga ins t  design o r  machining e r r o r s .  

An engineering review by B a t t e l l e  of  c r i t i c a l  components and 
systems i s  complete, and t h e  r e s u l t s  a r e  under review. 

The instrument system has been accepted from t h e  vendor wi th  
exceptions.  Debugging and minor modif ica t ions  continue.  A l o g  of 
component f a i l u r e  has been s t a r t e d  f o r  proof of  r e l i a b i l i t y .  Program- 
ming of t h e  c o n t r o l  funct ions  continues.  

Design of  t h e  couplings between t h e  o s c i l l a t o r s  and experimental  
core  components has begun. 

Cross s e c t i o n s  of  t h e  many i so topes  t o  be used i n  analyzing t h e  
d a t a  from t h e  HTLTR have been ex t r ac t ed  from t h e  BNW Master Library  





in a form usable with THERMOS. They have been collected for eight 
temperatures from 100 OK to 2000 OK. 

PHOENIX FUEL REACTOR PROGRAM 

A meeting was held with MTR personnel at NRTS to discuss the 
MTR-Phoenix experiment. No major problems with the running of the 
experiment are presently anticipated. 

It now appears that a full Pu core rather than a partial Pu 
core may be preferable for the burnup experiment. Multi-dimensional 
nuclear calculations for this configuration have been started. 

Experiments to measure the critical height of unpoisoned, 
water reflected, Phoenix-type cores have begun in the CAF, and plan- 
ning for the PRCF experiments is being continued. 

Fabrication of 132 aluminum-clad A1-20 wt$ Pu plates for the 
PRCF is expected to be complete by July 1, 1966, except for sizing of 
perimeter welds. Plans and schedules are being prepared in the event 
that fabrication of about 280 more fuel plates is required by 
October 1, 1966. 

REACTOR FUELS AND MATERIALS 

FAST mTELS OXIDES AND NITRIDES 

Modification of three existing glove boxes for sodium bonding 
work has been started. 

Improved solid-solution formation of uranium oxide - 20 wt% plu- 
tonium oxide powders was obtained after wet-blending the powders with 
deionized water in an alumina ball mill. Good solid-solution formation 
after sintering for five hours at 1650 OC in argon - 8% hydrogen was 
indicated by both x-ray diffraction and alpha autoradiography. 

Results of thermal-expansion experiments on Pu02 and U02 - 
2 wt$ Pu02 confirm earlier data for stainless steel - -02 cermets and 
Pu02 which indicated that large irreversible volume changes are associated 
with the annealing of pneumatically-impacted materials. Preliminary 
thermal-expansion coefficients calc lated from the cooling curves for 2 U02 - 2 wt% Pu02: 11.7 f 0.3 x 10- /OC (20-1550 OC). 

Mass spectrometric analyses of radial drillings from UN - 20 wt% 
PuN irradiated to 2.4 x 1020 f/cc at 2130 w/cm confirmed radiochemical 
indications of severe plutonium migration. Concentration of PuN varied 
from 17.8 wt% at the periphery to 22.5 wt$ at the mid-radius to 7.9 w t %  
near the fuel center. 





BASIC SWELLING STUDIES 

Two low pressure ,  con t ro l l ed  temperature capsules a r e  operat ing 
successful ly  a t  525 O C  and 450 O C ,  r e spec t ive ly ,  and a cont ro l led  
temperature-pressure capsule i s  operat ing a t  1000 p s i  and 450 O C .  

Construction has s t a r t e d  on a capsule designed t o  operate a t  450 O C  

and 5000 p s i .  Mult iple burnups w i l l  be obtained by using specimens 
of  d i f f e r e n t  enrichments. 

Uranium specimens were recovered from capsules cont ro l led  a t  
700 O C  and i r r a d i a t e d  t o  0.1 and 0.2 a t . %  B.U. ,  respect ive ly ,  and 
Prom a capsule con t ro l l ed  a t  500 O C  and i r r a d i a t e d  t o  0.04 a t . %  B.U. 
Density measurements on a high p u r i t y  uranium specimen and a U+Fe-A1 
specimen i r r a d i a t e d  t o  0.2 a t . $  B.U. a t  700 O C  revealed only 3% 
swelling i n  each of t h e  specimens. This low swelling value and t h e  
s imi la r  behavior of t h e  two mate r i a l s  corroborate previous d a t a  and 
t h e  evolved concepts concerning t h e  fundamental i r r a d i a t i o n  behavior 
of uranium and uranium-base a l loys .  

NONDESTRUCTIVE TESTING 

Parameter separa t ion  c a p a b i l i t i e s  of  t h e  eddy current  mult i-  
parameter t e s t  methods a r e  being extended with development of our 
channel s igna l  sampling c i r c u i t r y .  I n i t i a l  t e s t s  show t h a t  defec t  
s i g n a l s  a r i s i n g  from defec t s  of varying depth may be more accura te ly  
d is t inguished than has been poss ib le  with e a r l i e r  techniques. 

A new con t ro l  system f o r  s inusoidal  thermal t ransducers i s  being 
inves t iga ted  which promises t o  provide improved con t ro l  of t ransducer 
input  power, increas ing t h e  accuracy of sample thermal conductivi ty 
measurements. 

E f f o r t s  t o  cons t ruct  improved mathematical models of u l t r a s o n i c  
pulses  a r e  inves t iga t ing  a time varying mathematical function which 
includes an exponential damping f a c t o r ,  a hyperbolic s ine  f a c t o r ,  and 
a per iodic  cosine f a c t o r .  Solut ions involve t h e  use of  c o e f f i c i e n t s  
and arguments which a r e  now being experimentally determined. 

NUCLEAR CERAMICS 

Analysis of t h e  r a d i a l  oxygen d i s t r i b u t i o n  i n  i r r a d i a t e d  UO 
showed t h a t  ( a s  with o the r  U02+x specimens) g ross  migration of 

2.15 

oxygen t o  t h e  center  occurred. I n  t h e  cen te r  t h e  O/U r a t i o  a f t e r  
i r r a d i a t i o n  was 2.40. The - derived re la t ionsh ip  between t h e  mean 
oxygen t o  uranium r a t i o ,  O/U,  and t h e  heat  r a t i n g  requi red  f o r  cen te r  
melting i s  given by 

I Tm 
k dT = - 75.8 (O/U) + 221 watts/cm 

5OO0C 

Between 500 O C  and t h e  " r e c r y s t a l l i z a t i o n  temperature" ( ~ g g ) ,  thermal 
conductivi ty was i n s e n s i t i v e  t o  mean composition changes f o r  2.05 <O/U 





~2.00. A marked decrease in conductivity with increasing O/U was 
evident for 2.00 <O/U ~2.05. 

Knoop hardness measurements of pneumatically impacted U02+x 
for O/U ratios of 1.90, 1.99, 2.00, 2.02, 2.05, and 2.15 showed 
that the hardness varied almost linearly with increase in O/U from 
530 (for O/U = 1.90) to 880 (for O/U = 2.15). 

Unique etch-pit distributions were observed in pneumatically- 
impacted U02 single crystals. Impacted pairs of U02 single crystals 
pairs showed a dense fringe of etch pits around the exposed cube 
surfaces, an intermediate etch-pit population in the interior, and 
an almost complete lack of etch pits at the interface surfaces. 

Improvements in bonding of U02 single crystals were observed 
when an additive compound (Sm203, Th02, or U02.08) was present at 
the interface. 

U02 single crystal specimens were prepared, characterized, and 
sent to a Japanese laboratory as part of the materials and information 
exchange program. In addition, a rod of Pyroceram 9606 was obtained 
for use as a thermal conductivity standard. 

NUCLEAR GRAPHITE 

Three pins, each containing 17 samples 0.025 in. dia. x 1.75 in. 
long, are being fabricated for irradiation at approximately 600 OC. 
Insertion in the reactor is expected in mid-July or early August. 

A computer program has been written to calculate values of 
Young's Modulus and dimensional changes from single crystal values. 
Preliminary calculations of modulus and of irradiation-induced dimen- 
sional changes are compatible with experimental values. 

Changes in the sonic moCulus occurring upon oxidation of TSX 
graphite were compared with ultimate tensile and compressive strengths. 
Samples were oxidized in air at 700 OC to varying extents up to 15% 
weight loss. The sonic modulus decreases somewhat more rapidly with 
oxidation than does the ultimate tensile strength which, in turn, 
decreases more rapid.1~ than ultimate compressive strength. 

IRRADIATION DAMAGE TO RMCTOR METALS 

Assembly of a sodium-filled, temperature-controlled capsule 
containing AISI 316 SS specimens is nearing completion. The test 
capsule will be charged in ETR Cycle 83. 

A refractory metal prototype of the ATR gas loop specimen 
assembly is ready for insertion in the model loop. The assembly 
will be examined for changes at the end of each five-day cycle. 





The AISI 316 SS order  from Allegheny Ludlum has been poured 
and i s  being processed t o  f i n i s h e d  stock.  

The in- reac tor  c reep  t e s t  at 840 O C  on annealed 304 s t a i n l e s s  
s t e e l  w a s  not  s t a r t e d  due t o  hea te r  f a i l u r e .  The capsule w i l l  be 
rep laced  s o  t h a t  t h e  t e s t  may be run. 

Construct ion of t h e  high temperature capsule i s  cont inuing.  
E l e c t r i c a l  i n s t a l l a t i o n s  f o r  capsule checkout were s t a r t e d  and a r e  
t o  be completed t h i s  month. 

Elec t ron  microscopy has been performed o r  i s  i n  progress  on 
AISI 304, 348, 316, and 321 s t a i n l e s s  s t e e l s .  Each m a t e r i a l  i s  being 
cha rac te r i zed  i n  both t h e  f u l l y  annealed and co ld  worked condi t ion .  
A f a c i l i t y  has been completed f o r  prepar ing  h ighly  r ad ioac t ive  bulk 
specimens f o r  examination i n  t h e  e l e c t r o n  microscope. 

Annealed AISI 348 s t a i n l e s s  s t e e l  has been examined i n  t h e  
e l e c t r o n  microscope a f t e r  i r r a d i a t i o n  a t  60 O C  t o  1.0 x lo2' nvt  
( > 1  ~ e v )  . The same m a t e r i a l  was given a p o s t i r r a d i a t i o n  anneal  a t  
450 O C  f o r  one hour i n  vacuum and then  examined. Although a l a r g e  
recovery i n  t h e  mechanical p r o p e r t i e s  occurs  a f t e r  t h i s  t rea tment ,  
t h e  micros t ruc ture  i s  apparent ly  changed very  l i t t l e .  Only t h e  
smaller  de fec t  c l u s t e r s  appear t o  be a n n i h i l a t e d  a t  t h i s  temperature;  
t h e  l a r g e r  c l u s t e r s  seem t o  be r e l a t i v e l y  s t a b l e .  Addit ional  t r a n s -  
mission microscopy specimens a r e  being examined a f t e r  higher  ir- 
r a d i a t i o n  and/or p o s t i r r a d i a t i o n  anneal ing temperatures .  

Three papers have been w r i t t e n  t h i s  month. They a r e :  
( 1  ) a formal r e p o r t ,  "Improved P o s t i r r a d i a t i o n  Stress-Rupture 
P rope r t i e s  o f  Has te l loy  X-280," BNWL-231, by I. S. Levy; ( 2 )  a sub- 
mission t o  t h e  ANS f o r  p re sen ta t ion  a t ,  and pub l i ca t ion  i n  t h e  
Transact ions of t h e  Winter Meeting, " P o s t i r r a d i a t i o n  Mechanical 
Property Improvement i n  Has te l loy  X-280 and Inconel  600," BNWL-SA-724 A ,  
by I. S. Levy; and ( 3 )  a submission t o  Trans. AIME, "Electron Microscopy 
of  Tens i l e  Specimens of Thermomechanically Treated Hastel loy X-280," 
BdSWL-sA-608, by I. S. Levy, B. Mastel,  and J. L. Brimhall.  

Replica microscopy of  s t r e s s e d  sec t ions  o f  i r r a d i a t e d  and un- 
i r r a d i a t e d  t e n s i l e  specimens o f  Has te l loy  X-280 showed t h a t  t h e  e f f e c t  
of  i r r a d i a t i o n  was t o  i n h i b i t  p r e c i p i t a t i o n  o f  small mat r ix  p r e c i p i t a t e s ,  
t o  en large  t h e  l a r g e r  mat r ix  p r e c i p i t a t e ,  and t o  cause t h e s e  l a r g e  pre- 
c i p i t a t e s  t o  concent ra te  around g r a i n  boundaries.  This  evidence r e -  
i n fo rces  mechanisms suggested l a s t  month f o r  mechanical property 
changes i n  i r r a d i a t e d  Has te l loy  X-280. 

Metallography of  u n i r r a d i a t e d  Inconel  600 t e n s i l e  specimens 
shows t h a t ,  f o r  t h e  experimental t rea tment  which r e s u l t e d  i n  t h e  b e s t  
p o s t i r r a d i a t i o n  d u c t i l i t y ,  matr ix p r e c i p i t a t i o n  i s  i n  evidence and 
g r a i n  boundaries a r e  p a r t i c u l a t e ,  not continuous, i n  na ture .  The 
s tandard  t reatment  m a t e r i a l ,  which had poor p o s t i r r a d i a t i o n  d u c t i l i t y ,  





showed no matrix p r ec ip i t a t e  and a continuous gra in  boundary phase. 
A mechanism f o r  explaining property improvements s imi la r  t o  t h a t  
suggested f o r  Hastelloy X-280 i s  believed t o  apply. 

Stress-rupture t e s t s  on unir radia ted control  specimens of 
Hastelloy X-280 have commenced. These a r e  being conducted a t  1350 OF 
(730 O C )  and 18,000 p s i ,  t h e  1000-h. rupture s t r e s s  f o r  standard 
t r e a t e d  unir radia ted mater ia l .  

Forty-eight t e n s i l e  and stress-rupture specimens of Inconel 
X-750, Hastelloy X-280, and Inconel 600 have been discharged a f t e r  
i r r ad i a t i on  a t  1350 OF (730 O C )  t o  approximately 1 x 1020 nvt ( f a s t ) .  

The f r ac tu r e  t o  hness ( K  c )  of normalized A302-B i r r ad i a t ed  g 8 t o  5 x 1018 neutrons/cm a t  280 C i n  t h e  ETR remains unchanged from 
t h e  unir radia ted condition. The s t r e s s  i n t ens i t y  f a c to r  a t  a r r e s t  ( ~ 1 ~ )  
decreased a f t e r  i r r ad i a t i on  indicat ing an increase i n  t h e  r a t e  sensi-  
t i v i t y  of t h e  mater ia l .  Specimens i r r ad i a t ed  t o  1 x 1019 neutrons/cm2 
w i l l  be ava i l ab le  f o r  t e s t i n g  i n  t h e  near fu ture .  

It has been found t h a t  an exposure of f i v e  cycles (2820 h r )  i n  
t h e  ex-reactor hot water loop a t  280 O C  increases t h e  hydrogen content 
of annealed and autoclaved Zircaloy-2 specimens from 10 ppm t o  20 ppm. 
The formation of hydrides due t o  hydrogen pickup i s  thought t o  be t h e  
cause of t h e  decrease i n  f r a c tu r e  toughness of these  specimens. 

The eddy current  device developed by t h e  Electronics Measurement 
Research Unit f o r  t h e  measurement of instantaneous crack ve loc i t i e s  i n  
t h e  DCB specimen has been applied t o  7075-~6 aluminum. Crack ve loc i t i e s  
a s  high a s  750 f t / s e c  have been observed. 

ATR GAS LOOP OPERATION AND MAINTENANCE 

The ATR model gas loop continued t o  operate 24 hours per  day 
f i v e  days a week. The model heater  has successfully logged 683 hours 
of operation including 21 thermal cycles from room temperature t o  
various operating temperatures. Sixty percent of t h e  time t he  heater  
has operated a t  2100 OF gas o u t l e t  temperature. 

Examination of t h e  molybdenum heating elements from a model 
loop heater  i s  i n  progress. The mater ia l  from the  ou t l e t  end of t he  
heater  appears t o  be more b r i t t l e  than t h a t  from t h e  i n l e t  end. 

Iron b a l l s ,  proposed a s  a gamma sh ie ld  i n  t h e  ATR gas loop 
f i l t e r  assembly, have been shown t o  s i n t e r  together  a t  800 O C  i n  vacuum 
o r  i n  a i r .  

The BNW gas chromatograph was developed fu r the r ln to  an automatic 
model t h a t  performed high s e n s i t i v i t y  gas analyses on t h e  model gas loop. 
Impurity detect ion l i m i t s  were consis tent ly  below 1 ppm, and t h e  u n i t  
continued t o  operate r e l i a b l y  during t h e  l a s t  nine months of t he  f i s c a l  
year with e s s en t i a l l y  no maintenance. 





METALLIC FUELS DEVELOPMENT - 

I n  t h e  i r r a d i a t i o n  o f  thorium-uranium f u e l  elemer.l,s t h e  hicrhr :t 
exposure  f u e l  element !las now been i r r a d i a t e d  t o  14,500 'lWd/ton. 

Rariiornetallurgy examinat ion i s  be ing  made o f  one ?lement ir- 
r a d i a t e d  t.3 11,850 M!dd ' t o n  t h a t  was i n t e n t i o n a l l y  defect  td  and expor;i.d 
i n  300 O C  wa te r .  

Rcd c l u s t e r  f u e l  e lements  c o n t a i n i n g  m e t a l l i c  uranium f u e l  a r e  
be ing  f a b r i c a t a d .  Two a l l o y  i n g o t s  (350 ppm Fe - 800 ppa Al and 
150 ppm Fe - 100 ppm S i )  were c a s t ,  t r i p l e  b e t a  h e a t  t r n a t e d ,  prima-.:[ 
e x t r u d e d ,  assembled a s  c o e x t r u s i o n  b i l l e t s .  The r o I s  w i l l  be c l a d  
w i t h  0.025 o r  0.050 inch o f  Zr-2 and w i l l  c o n t a i n  a c e n t r a l  i n t e r n a l  
v o i d  space  e q u a l  t o  107; o r  more o f  t h e  f u e l  volume. 

ENG INTCERIKG DEVELOPMENT 

A s e c o n l  twin- lead ,  dual-chamber asqembly w a s  f a b r i c a t e d  -n ' he 
compensating e lement  f o r  t h e  se l f -powered,  boron-11, b e t a - c u r r e n t  
concent  f o r  n r u t r g n  f l u x  moni to r ing .  

Y T CROWAVE AND IIJFR ARED DETECT1 ON OF COOLNJ T I: IPURITIES AND VLASUPF:; 'ZNT -- 
C.' IB-RC[sC:rOF TF"rERA'i'UREt - --- 

: :,;sf ~ ~ t o r y  o p e r a t i o n  w a s  ech ieve?  w i t h  t h e  r c t a t i n g  i n f r a  -0d 
f  iltrr-1,) a ,I rechanism f c r  u s ( ,  i n  mc7surii  - m 7 i s t u r e  c o n t e n t  i n  ( T ~  I - S .  

E.. comparison o f  Or : a - ? m a  2nii al?yp a au to rad iopraphs  o f  a ingi-  
t u d i n a l  ~ e c t i o n  of a PRTi "uc 1 r o d  zhows ' ha t  t h e  c e n t r a l l y  1ocatc . i  dark  
1 egion vn t h f  beta-gamma a u t o  - a d i o f r , ~ ~ h  c i , .cider,  w i t r .  t h e  once-mc Lten 
f u e l  r e p i o n  whereas t h e  ! oilnrl lry i n r i  - a t e  on t h e  a l p s , a  autoradiomi-aph 
l i e s  bcy7nd. t h e  once-mol' <-n f l e l  r c ~ i  2 3 ,  : hus i n d i c a t i n g  p l u t o n i ~ r l  d i f -  
'usion ' tcros  - t h e  l i q u i d ]  r o l i  1 i n t e r c 1 c c .  

Gama enerqy s p e c t r a  a@ove 50 a e v  'lave been o b t a i n e d  from *he 
' h r e e  Shippir lqpor t  f u e l  n lem-n ts  u%iI iz i r . - :  a  1 itnium-uranium- er-r; >nium 
i e t e c t o r  s - re^  em. The i -  ,rani s o r e  --I t ar l e l r  t o  be U 37,  Amzf1, r i  
>1123:J ; 1 ,-I> r l.2 

1' rpt ;o type stn. i  I l e s s  . ; tee1 FVRT' Lack. t t . i ~ t j (  i t h  s i x  f~ i 
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Heat t r a n s f e r  s t u d i e s  i n v e s t i g a t i n g  t h e  a b i l i t y  of va r ious  
candida te  FERTF f u e l  element baske ts  t o  prevent  a p re s su re  tube  f a i l u r e  
i f  molten f u e l  i s  r e l ea sed  from t h e  f u e l  element were extended t o  i n -  
c lude  grooved a s  we l l  a s  r ibbed  baske t s .  Calcu la t ions  showed t h a t  a 
grooved tube  could prevent  a zirconium p res su re  t ube  f a i l u r e  from such 
an acc ident  un le s s  one of t h e  grooves were blocked so  as t o  s t o p  coolant  
flow through it. 

The f a b r i c a t i o n ,  assembly, and nondes t ruc t ive  t e s t i n g  of t h e  
components f o r  t h e  f u e l  rod p re s su re  sensing t e s t  i n  PRTR w i l l  be 
completed t h i s  month. 

A Mark-I-R high power dens i ty  f u e l  element with an a t t ached  f l u x .  
wire  succes s fu l ly  completed flow t e s t i n g  i n  t h e  EDEL-1 t e s t  loop .  

FUELS REPROCESSING DEVELOPMENT 

A s tudy of  t h e  optimum i n i t i a l  s i z e  f o r  a reprocess ing  p l a n t  f o r  
s p e c i f i c  market demands w a s  cont inued.  A computer program t o  a s s i s t  i n  
so lv ing  t h i s  problem has been prepared and i s  being debugged. 

REACTOR PHYSICS 

Calcula t ions  of  t h e  e f f i c i e n c y  of  t h e  ( y , n )  r e a c t i o n  i n  deuterium 
have been completed f o r  t h e  PRTR us ing  t r a n s p o r t  theory.  

From no i se  and o s c i l l a t o r  measurements i n  t h e  PRCF it i s  con- 
cluded t h a t  t h e  o s c i l l a t o r  method should be we l l  s u i t e d  f o r  t r a n s f e r  
func t ion  measurements i n  t h e  PRTR i n  t h e  presence of  extraneous n c i s e  
s i g n a l s .  

Calcu la t ions  of power genera t ion  i n  t h e  FERTF of t h e  PRTR have 
been completed and a con t r ibu t ion  t o  t h e  safeguards r epo r t  has  been 
prepared.  

A paper summarizing t h e  a n a l y t i c a l  and experimental r e s u l t s  of 
t h e  HPDC experiment i n  t h e  PRCF has been prepared and submitted f o r  
p re sen ta t ion  a t  t h e  1966 Winter Meeting of  t h e  American Nuclear Socie ty .  

Determination of boron concent ra t ions  i n  D20 i s  being i n v e s t i -  
ga t ed  us ing  r e a c t i v i t y  measurements. 

A d e s c r i p t i o n  of  t h e  experimental  program planned f o r  PRCF wi th  
a l i g h t  water  moderated, 2% F'u02-U02 core  w a s  prepared and forwarded t o  
t h e  Commission. 

The D20 t o  Hz0 conversion o f  t h e  PRCF was completed. Usirlg 2 wt% 
Pu mixed oxide f u e l ,  1/2" diameter  x 36'' long i n  a 0.85" p i t  h l a t t i c e ,  
experiments were completed f o r  a uniform loading  with 8% F'u2'O and a 
mixed loading  wi th  8% F'u240 i n  t h e  inner  zone and 24% i n  t h e  o u t r r .  





Experiments using 19 fuel elements each containing 108, 124, 
and 151 grams of Pu were completed in the CAF. The elements are made 
up of repeating cells of 2 - 1.96" diameter x 0.020" PuAl disks, 

240 2 A1 disks and 0.120" of polyethylene. The PuAl is 20 wt% Pu, 8% Pu . 
The computer program RETREV was rewritten in Fortran IV (70%) 

and Sleuth I1 (30%) for the Univac 1107 computer. The following re- 
quest options are available: atomic number, mass, cross section type, 
energy, institution, year, and suppression of printout of the comment 
section. 

In the BNW Master Library the Carbon 12 cross section was modified 
to include the fast absorption cross section from KFK-120. The aluminum 
27 record was modified to include the peak of the 5.9 kev resonance. 
Chromium and nickel were also updated using the KFK-120 data. The key- 
punch error in the Pu-239L record was corrected. 

The BNL-SRL lattice analysis code HAMMER has been successfully 
converted for use at this installation on the IBM 7090 or the Univac 1107. 

Work was begun this month to reduce the running time of the 
EXTERMINATOR code on the Univac 1107. 

The Rotating-Crystal-Spectrometer (RXS) was used for a single 
measurement of the double-differential scattering cross section of 
0.1 eV energy neutrons from a thin sample of room-temperature D20. 
The RXS was also used for a measurement of the double-differential 
scattering cross section of 0.608 eV energy neutrons from room-temperature 
H20 and 0.304- and 0.152-eV energy neutrons from a 0.015" thick sample 
of solid Hz0 at a temperature of -6 OC. 

The triple-axis spectrometer was used to measure the double- 
differential scattering cross sections of neutrons from H20 at 95 OC. 

Investigation continued on a method of high-resolution mono- 
chromatization using multiple-Bragg diffraction. 

An effort was made to reprocess all of the previously obtained 
fast neutron total cross section data. 

At a meeting of the Cross Section Evaluation Working Group, 
BNW was assigned the responsibility of providing complete sets of 
evaluated data for several isotopes for the Evaluated uclear Data E Fil B. The is topes assi ned were ~ 1 ,  H ~ ,  xe135, sml 9, ~ ~ ~ 5 ~ 3 ~ 5 3 ,  
Dy1%[, Lu175317X and Au197. In addition, we plan to provide data 
for ~ u 6 3  and ~u65. 

REACTOR ENGINEERING DEVELOPMENT 

A computer code has been written capable of supplying data on 
heat transfer limited-moderated and water-cooled reactor cores to 
facilitate studies of power reactor core designs. 





The bor i c  a c i d  t e s t  of t h e  PRTR dump valve was completed. The 
chemical shim t e s t  i n  t h e  Environmental Test  F a c i l i t y  has been completed. 

Fabr ica t ion  of t h e  remaining p a r t s  of t h e  Shroud Tube Cut te r  i s  
i n  progress .  

Revisions of t h e  PRTR ref lector-moderator  systems permi t t ing  
t h e  use  of l i g h t  water a s  a r e f l e c t o r  a r e  80% complete. 

MATERIALS DEVELOPMENT 

Experimental d i f f i c u l t i e s  with e l a s t i c  s t r a i n  measurements on t h e  
i n s i d e  su r face  of a PRTR tube specimen have been resolved.  

Addit ional  c rack  propagation t e s t s  a t  prescr ibed  temperatures  
have been made. The e f f e c t  of i nc reas ing  temperature on s t r e s s  f o r  
propagation of  a two-inch long simulated crack  appears t o  be minus 
48.3 p s i    stress)/'^. 

A mark on t h e  i n s i d e  su r face  o f  t h e  t a p e r  of PRTR tube 5696 was 
probably caused by contac t  with a tube alignment mandrel. 

Corrosion r a t e s  from continuous cor ros ion  probes loca ted  i n  t h e  
moderator, r e f l e c t o r ,  and primary s h i e l d  system were n e g l i g i b l e  during 
t h e  p a s t  month. 

Laboratory cor ros ion  t e s t i n g  t o  eva lua te  p o t e n t i a l  cor ros ion  
problems r e s u l t i n g  from a l e a k  i n  t h e  PRTR bottom primary s h i e l d  h ~ s  
continued. Aluminum exposed t o  ammoniated primary s h i e l d  coolant  at 
pH 1 0  w i l l  have an equi l ibr ium corros ion  r a t e  of  l e s s  than 0.01 m i l s /  
month a f t e r  t h e  p r o t e c t i v e  oxide l a y e r  i s  formed on t h e  aluminum. 
Fur ther  t e s t s  t o  eva lua te  aluminum corros ion  r a t e s  i n  degraded ammoniated 
coolant  a r e  planned. 

P i l o t  p l a n t  t e s t i n g  of t h e  PRTR dump valve ,  shroud tube  bellows 
assembly, and shim rod  assembly wi th  borated water has been concluded. 
Test  components a r e  being examined f o r  cor ros ion  e f f e c t s .  

D i s s o l u t i o n m t e  s t u d i e s  of  s i n t e r e d  Pu02 i n  H3P04 have showed 
t h a t  t h i s  m a t e r i a l  i s  much more d i f f i c u l t  t o  d i s so lve  than  Pu02 f i r e d  
at 900 OC.  

CYCLE ANALYSIS 

!lhe economically optimum recyc le  of  plutonium i n  water r e a c t o r s  
r equ i re s  a s o f t e r  neutron spectrum. The sof ten ing  o f  t h e  spectrum may 
be accomplished by e i t h e r  reducing f u e l  dens i ty ,  reducing rod s i z e ,  o r  
ad jus t ing  t h e  l a t t i c e  p i t c h .  Fuel cyc le  c o s t  improvements a r e  0.1 t o  
0.2 mill/kWhe depending on t h e  o r i g i n a l  u235 enriched l a t t i c e .  

Although t h e  i n i t i a l  i n t roduc t ion  of plutonium recyc le  i n  PWR's 
w i l l  cause a g r e a t e r  power d i s t r i b u t i o n  problem than  u235 r e f u e l i n g ,  
t h i s  problem w i l l  vanish a f t e r  successive r e f u e l i n g  with plutonium re-  
cyc le  f u e l .  





TEST REACTOR OPERATION 

Prepara t ions  f o r  s t a r t i n g  t h e  batch core  c r i t i c a l  t e s t s  were 
completed i n  June. The non-nuclear c r i t i c a l  t e s t s  which inc lude  
determining moderator drop r a t e s  fol lowing a r e a c t o r  scram were i n  
progress  at month end. Accomplishm~nts during t h e  month inc lude  
f lu sh ing  primary system and r e f i l l i n g  wi th  heavy water ,  r e tu rn ing  
core blanket  system t o  helium s e r v i c e ,  completing i n s t a l l a t i o n  of  
t h e  boron add i t ion  system, deu te r i z ing  and p lac ing  i n  se rv ice  t h e  
cleanup ion exchange u n i t s  f o r  t h e  primary and moderator systems, 
and e s s e n t i a l l y  completing t h e  batch core o r i e n t a t i o n  b r i e f i n g s .  

Changes t o  t h e  Operating Sa fe ty  Limits  f o r  PRTR were received 
from AEC-RLOO s u b s t a n t i a l l y  as proposed i n  our  Apr i l  t r a n s m i t t a l  and 
were d i s t r i b u t e d  wi th in  BNW. 

Scope requirements and c o s t  e s t ima tes  f o r  Phase I1 of  a p r o j e c t  
t o  provide improved waste handling c a p a b i l i t y  and con t ro l  of r e a c t o r  
systems during off-s tandard s i t u a t i o n s  i n  t h e  PRTR have been completed. 

EBWR DEMONSTRATION PROGRAM 

Analy t ica l  c o r r e l a t i o n s  of t h e  EBWR experiments i n  t h e  PRCF 
have been done using t h e  assumptions of  one dimensional d i f f u s i o n  
theory  and one dimensional t r a n s p o r t  theory .  

INDUSTRIAL ASSISTANCE 

Five hundred of a planned t o t a l  of  1200 U02 - 2 w t %  Pu02 rods  
were packaged and shipped t o  Westinghouse. 

A purchase o rde r  was placed with General E l e c t r i c  Company f o r  
design and f a b r i c a t i o n  of  77 Mark I - R  high power dens i ty  f u e l  rods 
conta in ing  p e l l e t e d  U02 - Pu02 f u e l .  

ADVANCED SYSTEMS 

u~~~ F'UELING OF A FAST COMPACT REACTOR 

A rough d r a f t  of  a formal r epor t  analyzing a parameter s tudy of  
a f a s t  compact l i thium-cooled r e a c t o r  has been w r i t t e n .  

NUCLEAR SAFETY - 
CONTAINMENT SYSTEMS EXPERIMENT 

Foundations f o r  t h e  r e a c t o r  s imula tor  s h e l t e r  bui ld ing  were com- 
p l e t e d  and bu i ld ing  e r e c t i o n  s t a r t e d .  A t e s t  t o  determine e f f e c t s  o f  
U02 cladding m a t e r i a l  on t h e  behavior of i od ine  i n  a l abora to ry  contain-  
ment v e s s e l  showed no d i f f e rence  a t t r i b u t a b l e  t o  t h e  cladding.  

Prel iminary containment system decontamination experiments have 
been run us ing  vapor phase c leaning  techniques.  D.F.'s of two o r  l e s s  





were ob ta ined  on pa in t ed  su r f aces .  Cleanup e f f i c i e n c i e s  on s t a i n l e s s  
s t e e l  were h ighe r ,  ranging up t o  D.F.'s of 12 .  

Autoradiographic techniques  have shown t h a t  s e v e r a l  mechanisms 
a r e  involved i n  t h e  i od ine  contamination of pa in t ed  su r f aces  i n  con- 
ta inment  systems. These mechanisms a r e  adsorp t ion  o r  depos i t i on  of  
f i n e  p a r t i c l e s ,  p o s s i b l e  r e a c t i o n  wi th  t h e  s u r f a c e ,  and t h e  depos i t ion  
o f  r e l a t i v e l y  l a r g e  agglomerates.  

PRESSURE VESSEL CRACK MONITORING 

Continuing i n v e s t i g a t i o n  o f  a c o u s t i c  emissions o f  s t r e s s e d  p ip ing  
has  r evea l ed  t h a t  t ype  3 0 4 ~  s t a i n l e s s  s t e e l ,  double c a n t i l e v e r  beam 
specimens show a c o n s i s t e n t  p a t t e r n  o r  maximum a c o u s t i c  emission a c t i v i t y  
as formation o f  a  macrocrack i s  approached; t h e  i n t e n s i t y  of  emission i s  
markedly reduced once t h e  c r ack  i s  formed. 

A f a c t o r  o f  t e n  improvement i n  a new high temperature ,  e l e c t r o -  
s t a t i c  t r ansduce r  beipg developed f o r  t h i s  a p p l i c a t i o n  was achieved wi th  
u se  o f  a se l f - a l i gn ing  bear ing .  

RADIOACTIVE RESIDUE PROCESS DEVELOPMENTS 

Pre l iminary  experiments were begun on methods f o r  t r e a t i n g  t h e  
high-volume condensate genera ted  i n  t h e  WSEP process .  

The phosphate g l a s s  system was t e s t e d  s u c c e s s f u l l y  f o r  o p e r a b i l i t y  
and r e m o t a b i l i t y  i n  WSEP. 

Corrosion t e s t s  i n d i c a t e  310 s t a i n l e s s  s t e e l  i s  p r e f e r a b l e  t o  
304L s t a i n l e s s  s teel  as mel t  pot  m a t e r i a l  of  cons t ruc t ion  f o r  a proposed 
ORNL Ris ing  Level Glass run  i n  WSEP. 

The thermal  expansion c h a r a c t e r i s t i c s  o f  t h e  s o l i d  from a proposed 
WSEP composition showed a ve ry  unusual h y s t e r e s i s  behavior .  

Experiments were s t a r t e d  t o  determine t h e  most e f f e c t i v e  method 
f o r  d i s s o l v i n g  t h e  mixed hydrous ox ide- fe r r icyanide  p r e c i p i t a t e  remaining 
a f t e r  c e n t r i f u g a t i o n  o f  scavenged g l a s s  me l t e r  condensate i n  o rde r  t o  
permit  r e c y c l e  of t h e  f i s s i o n  products .  Hydroxylamine i n  d i l u t e  H2SO4 
appears  most e f f e c t i v e .  

RADIOACTIVE SHIPMENT HAZARDS 

Release experiments on samples of  s imulated h igh- leve l  waste spiked 
wi th  a c t u a l  waste material were completed. The r e s u l t s  f o r  cesium 
appeared t o  be i n  f a i r l y  c l o s e  agreement with t hose  p red i c t ed  by d i f -  
f u s ion  theory .  

FISSION PRODUCT AEROSOL CONTAINMENT 

Sprays of  37% hydrazine and a combination o f  35% hydrazine - 
5% ammonium hydroxide removed v i r t u a l l y  a l l  o f  t h e  C H 3 I  from an a e r o s o l  
chamber i n i t i a l l y  conta in ing  CH31 - steam atmosphere a t  75 O C .  





With t h e  present  a n a l y t i c a l  s e n s i t i v i t y  of t h e  gas chromatograph- 
e l e c t r o n  capture  d e t e c t o r ,  r a t e  of  r eac t ion  s t u d i e s  were extended down 
t o  concent ra t ions  of about 1 .6  mg CH3I per m3. 

REACTOR SAFETY ANALYSIS AND EVALUATION 

Two i r r a d i a t e d  A212B subsize-vessel  specimens were b u r s t  t e s t e d .  
The f a i l u r e  appearances of t h e s e  specimens i n d i c a t e  t h a t  one specimen 
was t e s t e d  at a temperature 10 OF (5 .5  OC) above t h e  i r r a d i a t e d  
m a t e r i a l s  NDT and t h e  o t h e r  specimen was t e s t e d  a t  a temperature 10  OF 
(5.5 O C )  below t h e  i r r a d i a t e d  m a t e r i a l s  NDT. 

It has been demonstrated t h a t  u l t r a s o n i c  monitoring techniques 
t o  s tudy acous t i c  emission can be appl ied  success fu l ly  t o  i r r a d i a t e d  

' 

specimens during f a i l u r e .  The s h i f t  i n  NDT due t o  t h e  i r r a d i a t i o n  ex- 
posure i s  seen t o  correspond t o  t h e  s h i f t  i n  temperature below which 
u l t r a s o n i c  s i g n a l s  a r e  received over  a bandwidth of 50 kc t o  1 mc. 

CUSTOMER 

PHILLIPS PETROLEUM COMPANY 

Four capsules ,  each conta in ing  A1-Np a l l o y  of  d i f f e r e n t  composi- 
t i o n ,  a r e  being f a b r i c a t e d  f o r  resonance i n t e g r a l  measurements. 

GENERAL ATOMIC 

Process development and t o o l i n g  were nea r ly  completed f o r  t h e  
f a b r i c a t i o n  of  12 rods  containing Pu02-graphite compacts. 

U.S. NAVAL RESEARCH LABORATORY 

The determi a t i o n  of u n c e r t a i n t i e s  i n  t h e  d i f f e r e n t i a l  c ros s  e s e c t i o n  of t h e  Fe5 ( n Y p )  r e a c t i o n  and t h e  e f f e c t s  of  t h e s e  u n c e r t a i n t i e s  
on t h e  l i f e t i m e  exposure e s t ima tes  of t h e  SM-IA p res su re  v e s s e l  have 
been s tudied .  The ana lys i s  i n d i c a t e s  t h a t  a 35% unce r t a in ty  i n  t h e  
es t imated  s a f e  l i f e  of t h e  SM-IA pressure  vesse l  could r e s u l t  from un- 
c e r t a i n t i e s  i n  t h e  ~ e 5 ~ ( n , ~ )  d i f f e r e n t i a l  c ros s  sec t ion .  





DIVISION OF REACTOR DEVELOPFENT AND TECHNOLOGY PROGRAMS 
(F. N. Albaugh) 

C I V I L I A N  POWER REACTORS 

SPECIFIC FUEL CYCLE ANALYSIS (E. A. Eschbach) 

Fast  Reactor Economics 

Prel iminary c a l c u l a t i o n s  of t h e  A-C Large Fast  Reactor using . 

s l a b  geometry with t h r e e  core  r eg ions ,  fou r  blanket  reg ions ,  and one 
r e f l e c t o r  region were completed. These c a l c u l a t i o n s  permit ted se lec-  
t i o n  of  proper enrichments f o r  u233, u235, o r  plutonium f i s s i l e  
m a t e r i a l  i n  U02 o r  thorium f e r t i l e  ma te r i a l .  Sixty-eight  cases  have 
been prepared f o r  processing through ALTHAEA and QUICK,  but complete 
r e s u l t s  have not been obtained and no o v e r a l l  a n a l y s i s  has been made 
at  t h i s  t ime. 

Fas t  U t i l i z a t i o n  Studies  

VESTA - F i n a l  copies  of t h e  r e p o r t ,  BNWL-285, "Breeding I s n ' t  
Everything - The Economics of Uranium Conservation," a r e  now being 
c l ea red  f o r  genera l  d i s t r i b u t i o n  i n  August. 

DAEDALUS - The code t o  t r a n s l a t e  MELEAGER burnup d a t a  i n t o  a 
l i n e a r  programming problem has been w r i t t e n .  The code i s  being de- 
bugged with sample d a t a  from t h e  Indian Point Reactor Simulation. 
The next s t e p s  a r e  t h e  use of t h e  1107 LP codes t o  so lve  t h e  problem 
and t h e  use  of d a t a  from two r e a c t o r s  t o  study t h e i r  i n t e r a c t i o n s  i n  
a s t a t i c  model. The time element w i l l  then  be added t o  produce a 
dynamic s imulat ion of two i n t e r a c t i n g  r e a c t o r s  i n  an expanding economy 

CONCEPTUAL REACTOR DESIGN STUDIES (J. C .  FOX) 

Nuclear E l e c t r i c  P lant  Cap i t a l  Costs v s .  S i t e  Location 

Estimated s i t e  p repa ra t ion  c o s t s  a s  inf luenced by l o c a l  s i t i n g  
f a c t o r s  a r e  e s s e n t i a l l y  complete, and order  of magnitude c o s t s  f o r  
s p e c i a l  f a c i l i t i e s  which may be requi red  at t h e  var ious  s i t e s  a r e  being 
developed. The s i t e  p repa ra t ion  c o s t s  a t  most s i t e s ,  dea l ing  p r imar i ly  
with l and  c l e a r i n g ,  grading and drainage charges,  a r e  based on an e s -  
t imated  800-foot square l e v e l  a rea  requirement f o r  t h e  1000 MWe 
reference  r e a c t o r  p l a n t .  The p l an t  l o c a t i o n  i s  assumed t o  be ad jacent  
e x i s t i n g  f a c i l i t i e s  a t  each s i t e .  

Cooling towers,  which may be requi red  a t  s i t e s  using r i v e r  
cool ing water ,  and marine l i n e s  a t  ocean and l akes ide  s i t e s  a r e  in-  
cluded i n  t h e  s p e c i a l  f a c i l i t y  c o s t  es t imates .  Marine l i n e  c o s t s  a r e  
based on an est imated requirement f o r  16-foot diameter ,  r e in fo rced  





concrete  p ipes  with 2600-foot discharge and 3200-foot i n t ake  l i n e  
lengths .  Cooling tower c o s t s  w i l l  be based on an induced d r a f t  r e -  
c i r c u l a t i n g  coolant  i n s t a l l a t  ion .  

Other cos t  v a r i a b l e s ,  cons i s t en t  i n  accuracy and value with 
t h e  i n t e n t  of  t h e  s tudy,  have been reasonably wel l  defined with t h e  
exception of  land  c o s t s  and a d r a f t  of t h e  s tudy r epor t  i s  being 
prepared. 

Fast  Reactor Fuel Cycle Calcula t ions  

A comment i s s u e  r e p o r t ,  "Comparison of u~~~ and Plutonium 
Fueling f o r  a Fas t  Oxide Breeder Reactor," by J .  J. Regimbal, 
D. E.  Deonigi, R .  H. Holeman, and J. H. Nail, Jr . ,  June 29, 1966, 
has been prepared. 

An informal  r e p o r t  covering neut ronics  and mass balance calcu-  
l a t i o n s  f o r  a f a s t  spectrum carb ide  breeder  r e a c t o r  i s  being assembled. 

N i t r i d e  Fuel Cycle S tudies  

Work i s  continuing on t h e  d r a f t  of a document descr ib ing  t h e  
t e c h n i c a l  and economic a n a l y s i s  of a f a s t  breeder  power r e a c t o r  f u e l  
cyc le  u t i l i z i n g  uranium and plutonium n i t r i d e s  a s  f u e l s .  E f f o r t s  
w i l l  be made t o  complete t h i s  document f o r  pub l i ca t ion  as soon as 
poss ib l e .  

USAEC-AECL COOPERATIVE PROGRAM (J . J. Cadwell ) 

In-Reactor Corrosion of Zirconium Alloys 

The s t a t u s  of  zirconium a l l o y  specimens exposed i n  t h e  G-7 loop 
o f  t h e  Engineering Test  Reactor under t h e  cooperat ive USAEC-AECL 
program i s  as fol lows:  

Quadrants Exposure, days S ta tus  

205, 206 p lus  out -  25.5 Weight ga in  and hydrogen 
of - f lux  specimens ana lyses  complete ; metal- 

lography complete. 

2 d a )  37.3 Analysis under way a t  BNW. 

210, 211, 214, p l u s  77.4 Enroute t o  BNW from NRTS, Idaho. 
out-of-flux specimens Analysis i s  under way on out- 

of - f lux  specimens 

233, 234, p l u s  out- 8 ETR Cycles Charged about 6-1-66; t o  be 
of - f lux  specimens 150 days discharged i n  May 1967. 

( a )  This i s  a re ference  quadrant containing specimens from t h e  I r r a d i a t i o n  
Damage t o  Reactor Mater ia l s  and USAEC-AECL programs ( t i t an ium,  
niobium, and niobium-1 wt$ ~ r )  ; conta ins  30 specimens. 





Each of  t h e  above quadrants  con ta ins  36 specimens except as noted a s  
noted f o r  Quadrant 217; s i x  zirconium a l l o y s  are included i n  t h e  t e s t .  
The quadrants  a r e  exposed i n  t h e  G-7 loop i n  pH-10 NH40H at 270 - 280 O C .  

The t a b l e  which fol lows summarizes in- f lux  and out-of-flux 
hydrogen pickups f o r  zirconium a l l o y  specimens i n  t h e  Cycle 75/76 
exposure. Hydrogen pickups a r e  high f o r  VALLOY-S, in te rmedia te  f o r  
Zircaloy-2, Zircaloy-4 and preautoclaved VALLOY, and low f o r  VALLOY 
and specimens conta in ing  niobium. Preautoclaving increased  t h e  in- f lux  
hydrogen pickup f o r  Zircaloy-2, Zircaloy-b and VALLOY. In-f lux and out-  
of-f lux hydrogen pickups i n  terms of ppm d i d  not  d i f f e r  markedly, except  
f o r  pref i lmed VALLOY, which showed lower pickups out-of-flux. Two out-  
of - f lux  preautoclaved Zircaloy-2 specimens showed excep t iona l ly  high 
percentage pickups,  even t a k i n g  i n t o  account hydrogen introduced i n  
au toc lav ing .  There does not  appear t o  be a s i g n i f i c a n t  d i f f e r ence  i n  
hydrogen pickup a t  t h e  two out-of-flux p o s i t i o n s .  

Cross-Flow Mixing Between P a r a l l e l  Flow Channels During Boi l ing  

Test  s e c t i o n  f a b r i c a t i o n  and a n a l y t i c a l  c a l c u l a t i o n s  a r e  cont inuing  
i n  t h e  s tudy t o  determine va lues  of  cross-channel mixing dur ing  two-phase 
flow i n  rod bundle f u e l  elements.  The purpose of t h i s  s tudy i s  t o  o b t a i n  
a method of  p r e d i c t i n g  l o c a l  f low and en tha lpy  condi t ions  i n  each sub- 
channel o f  rod  bundle f u e l  elements.  This information w i l l  provide a 
more accu ra t e  p r e d i c t i o n  of  b o i l i n g  burnout condi t ions .  

Assembly of t h e  e l e c t r i c a l l y  hea ted  t e s t  s e c t i o n  t h a t  w i l l  be  used 
t o  s tudy  both  t u r b u l e n t  mixing and f low d ive r s ion  i n  two in te rconnected  
channels  w a s  completed. This  test  s e c t i o n  s imula tes  t h e  type  of  flow 
channel con f igu ra t ion  t h a t  would be formed by a channel i n  a square p i t c h  
rod a r r a y  l o c a t e d  ad jacen t  t o  a channel i n  a t r i a n g u l a r  p i t c h  rod a r r a y  
a s  i n  a 19-rod bundle.  I n s t a l l a t i o n  of t h i s  t e s t  s ec t ion  i n  t h e  exper i -  
mental f a c i l i t y  i s  p r e s e n t l y  i n  progress .  Fabr ica t ion  of  a second t e s t  
s e c t i o n ,  which w i l l  be used t o  s tudy  only t u r b u l e n t  mixing during two- 
phase f low,  i s  about 25% complete. This  t e s t  s e c t i o n  s imula tes  t h e  
t y p e  of flow channel conf igura t ion  t h a t  would be formed by two adjacent  
channels  i n  a square p i t c h  rod a r r a y .  

E f f o r t s  were cont inued t o  extend computer c a l c u l a t i o n s  which apply 
numerical methods of  so lv ing  p a r a l l e l  channel mixing equat ions  t o  an 
a r b i t r a r y  mul t i rod  a r r a y .  For two cont inuously connected p a r a l l e l  
channels ,  t h e s e  methods have produced s t a b l e  s o l u t i o n s  with and without 
b o i l i n g ,  and comparisons of t h e  r e s u l t s  of t h e  computer program f o r  t h e  
nonboil ing case  wi th  exac t  mathematical s o l u t i o n s  have revea led  adequate 
agreement. Attempts t o  ob ta in  s t a b l e  s o l u t i o n s  f o r  t h e  more complex 
mult ichannel  systems have been unsuccessfu l  so f a r .  Addit ional  calcu-  
l a t i o n s  w i l l  have t o  be performed before  a conclusion can be made re- 
garding t h e  adequacy o f  extending t h i s  technique t o  such systems. 





SUMMARY OF HYDROGEN ANALYSES 
ON ZIRCONIUM ALLOYS EXPOSED I N  ETR CYCLES 75/76 

Exposure: 25.5 days,  270-280°C, 2 .1  x 1020 nv t ,  f a s t  

I n - F l u  
Hydrogen % Corrosion 

Alloy Hydrogen 

Zry-2 Annealed, etched 10  30 
Zry-2 Annealed, preauto- 2 3 5 6 

claved 
Zry-2 80% Cold Work, etched 20 36 

zry-4 Annealed, etched 11 1 5  
~ r y - 4  Annealed, preauto- 1 9  31 

claved 

VALLOY ( ) Annealed, e tched 
'(dl 

12 
VALLOY Annealed, preauto- 35 9 

claved 

VALLOY-s(' ) Annealed, e tched 127 134 
VALLOY -S Annealed, preauto- 8 6 12 2 

claved 

Zr-2.5 Nb Quenched 30% CW aged, 10 2 6 
etched 

Zr-2.5 Nb Quenched 30% CW, aged, 6 ( d )  2 4 
preautoclaved 

Zr-2.5 Nb Quenched, 20% CW, e tched 2 4 
Zr-2.5 Nb Quenched 20% CW, aged, 2 9 

preautoclaved 

Zr-2.5 Nb Annealed, wo$ CW, e tched 2 6 
Zr-2.5 Nb Annealed, 20% CW, pre- 4 1 2  

autoclaved 

Zr-3 Nb-1 Sn Annealed, e tched 3 5 
Zr-3 Nb-1 Sn Annealed, preautoclaved 3 2 0 
Zr-3 Nb-1 Sn Quenched, aged, etched 

Out -of - F l u  ( b )  

Hydrogen % Corrosion 
Pickup Hydrogen 

( a )  ppm hydrogen i s  ca l cu la t ed  on t h e  b a s i s  of  t h e  following sample th icknesses :  
Zry-2, VALLOY and VALLOY-S, 50 m i l s ;  Zr-3 Nb-1 Sn, Zr-2.5 Nb, 40 m i l s  ; 
zr-4, 30 m i l s .  

( b )  Data a r e  repor ted  sepa ra t e ly  f o r  two o u t - o f - f l u  p o s i t i o n s ,  $1 sec and $1 min 
(water  t r a n s p o r t  t imes )  from t h e  f l u x .  The d a t a  a t  t h e  1 sec  p o s i t i o n  a r e  
repor ted  i n  parentheses.  

( c )  Exposure 3.0 x 1019 n v t ,  f a s t .  

( d )  Adjusted from value repor ted  i n  Apr i l  a f t e r  recheck of hydrogen blank 
va lues .  





Hydraulic and Nuclear S t a b i l i t y  i n  P a r a l l e l  Flow Channel Systems 

Debugging of t h e  hydrodynamic model being used f o r  t h e  analog 
computer study of t h e  BLW-250 nuclear and hydraulic s t a b i l i t y  was 
continued. Modifications t o  t h e  analog program were made t o  cor rec t  
e r r o r s  i n  t r a n s i e n t  response t o  a s t e p  power change. Preliminary 
ca lcu la t ions  using these  modifications f o r  a s ing le  channel with a 
constant pressure drop have given t h e  i n s t a b i l i t y  threshold power 
l e v e l  and frequency of flow o s c i l l a t i o n s  which a re  i n  reasonable 
agreement with AECL d i g i t a l  computer ca lcu la t ions  using HYDNA. 

Modifications t o  t h e  d i g i t a l  computer code, HFN, have been 
made t h a t  allow ca lcu la t ions  of  parameters required f o r  a 2-node k i n e t i c s  
model of  a r eac to r  based on coupled reac to r  theory.  The modified 
version i s  current ly  being checked by comparison with experimental 
da ta  obtained from t h e  2-zone (U02 and P U A ~ )  loading i n  t h e  PRTR. 
I n i t i a l  r e s u l t s  ind ica te  inadequacy i n  t h e  methods used t o  ca lcu la te  
coupling c o e f f i c i e n t s  and f u r t h e r  a n a l y t i c a l  work i s  i n  progress. 
Successful development of t h i s  model w i l l  permit an extension t o  t h e  
range of s t a b i l i t y  problems t h a t  can be studied under t h e  present 
program. For example, t h i s  model w i l l  allow s tudies  a t  e i t h e r  high o r  
low power l e v e l s  where t h e  boi l ing  lengths  become very long o r  very 
shor t ,  respect ively .  The present  4-node model, derived using a f i n i t e  
d i f ference  approximation f o r  der ivat ives  of t h e  neutron f l u x ,  w i l l  not 
adequately represent  t h e  k i n e t i c  behavior of t h e  reac to r  under such 
extreme condit ions.  

Boiling Water Reactor S t a b i l i t y  Study 

Debugging of t h e  hydrodynamic model being used f o r  t h e  analog 
computer study of t h e  BLW-250 nuclear and hydraulic s t a b i l i t y  was 
continued. Modifications t o  t h e  analogue program were made t o  cor rec t  
e r r o r s  i n  t r a n s i e n t  response t o  a s t e p  power change. Preliminary ca l -  
cu la t ions  using these  modificat ions f o r  a s ing le  channel with a constant  
pressure drop have given t h e  i n s t a b i l i t y  threshold power l e v e l  and 
frequency of flow o s c i l l a t i o n s  which show reasonable agreement with 
values from d i g i t a l  computer ca lcu la t ions  using HYDNA. 

Evaluation of Zr-2.5 w t %  Nb Pressure Tubina 

The general  objec t ive  of t h i s  program i s  t o  evaluate Zr-2.5 w t %  
Nb a l l o y  tubing a s  a pressure tube mate r i a l  with reference t o  t e s t s  
and reac to r  experience t h a t  has been obtained on Zr-2 pressure tubes.  

For crack propagation t e s t s ,  severa l  Zr-2 tubu la r  t e s t  pieces 
have been prepared with t h e  mi l led  s l o t s  placed a t  angles ranging up 
t o  about 60' between t h e  d i rec t ion  of t h e  s l o t  and t h e  tube ax i s .  One 
t e a t  specimen with a 2-inch long s l o t  o r i en ta ted  a t  45' from t h e  tube 
ax i s  f a i l e d  a t  about t h e  same hoop s t r e s s  a s  a t e s t  specimen with a 
1-1/2-inch long s l o t  o r i en ta ted  p a r a l l e l  t o  t h e  tube ax i s .  The crack 
propagated a t  an angle with t h e  tube ax i s  and stopped near t h e  t e s t  





p iece  end f i t t i n g  s o  t h a t  both ends o f  t h e  crack l a y  i n  a s i n g l e  plane 
p a r a l l e l  wi th  t h e  tube  axis. 

The s t a t i c  c reep  t e s t  of  Z r  - 2.5 wt% Nb specimen s t r e s s e s  a t  
70,000 p s i  hoop s t r e s s  f a i l e d  i n  1453 hours.  The uniform s t r a i n  was 
about 2-1/2%. Another t e s t  a t  40,000 p s i  hoop s t r e s s  has been s t a r t e d .  
Fur ther  t e s t i n g  of  t h e  350 OC flow loop continued with flow through 
t h e  t e s t  assembly being va r i ed  from about 1 0  gpm t o  about 30 gpm. Over 
t h e  range of flow r a t e s  t e s t e d  so  far,  t h e  p res su re  f l u c t u a t i o n s  i n  t h e  
system even wi th  p res su re  snubbers i n s t a l l e d  i s  s u b s t a n t i a l l y  g r e a t e r  
than  can be t o l e r a t e d  f o r  p r e c i s e  measurements of  c reep  deformations. 

APPLIED AND REACTOR PHYSICS 

PLUTONIUM CRITICALITY STUDIES (E . D . c layton  ) - 

Basic C r i t i c a l i t y  Experiments With Plutonium N i t r a t e  Solu t ions  i n  
S lab  Geometry 

C r i t i c a l i t y  experiments were continued f o r  determining c r i t i c a l  
th icknesses  of ba re  and water r e f l e c t e d  " i n f i n i t e "  s l a b s  o f  plutonium 
n i t r a t e  so lu t ions .  The c r i t i c a l i t y  v e s s e l  f o r  t h e s e  experiments c o n s i s t s  
o f  an expandable s l a b  t ank  with he ight  and l eng th  of 42 i n . ;  t h e  v e s s e l  
th ickness  may be ad jus t ed  throughout t h e  range o f  3 - 9 i n .  

I n  t h e  i n i t i a l  experiments repor ted  last month t h e  v e s s e l  was 
un re f l ec t ed .  I n  o rde r  t o  e f f e c t  a d i r e c t  comparison between bare  and 
r e f l e c t e d  c r i t i c a l  t h i cknesses ,  t h e  r e f l e c t o r  t ank  w a s  i n s t a l l e d  and a 
s e r i e s  o f  experiments performed with t h e  v e s s e l  f u l l y  r e f l e c t e d  wi th  
water.  The same plutonium n i t r a t e  so lu t ion  was used i n  each case ;  t h e  
Pu concent ra t ion  was -60 g Pu/E with an a c i d  mola r i ty  of -2. Measure- 
ments were made over a th i ckness  range of  4.5 - 6.5 i n .  For a water 
r e f l e c t e d  c r i t i c a l  t h i ckness  of  5 i n . ,  t h e  co r rec t ion  t o  an " i n f i n i t e "  
s l a b  reduces t h e  th i ckness  by about 0.4 i n .  The s i d e s  of  t h e  v e s s e l  
a r e  of  0.062 i n .  s t a i n l e s s  s t e e l  r e in fo rced  with a l a t t i c e  framework 
f o r  r i g i d i t y .  As i n  t h e  case  of t h e  un re f l ec t ed  v e s s e l ,  t h e  c r i t i c a l  
he ight  was determined as a func t ion  of s l a b  th ickness .  For a th i ckness  
of  6 .3  i n . ,  adding a water r e f l e c t o r  reduced t h e  c r i t i c a l  he ight  o f  t h e  
42 i n .  long  v e s s e l  from 38.3 i n .  t o  11.3 in .  The r e f l e c t o r  savings i s  
about 2.3 cm. The r e s u l t s  o f  a complete chemical a n a l y s i s  of t h e  Pu 
s o l u t i o n  have not  y e t  been rece ived .  The experiments,  and i n t e r p r e t a t i o n  
of  d a t a ,  a r e  proceeding. From t h e  d a t a  t o  be obta ined ,  it w i l l  be 
poss ib l e  t o  more accura t e ly  spec i fy  c r i t i c a l  th icknesses  of  s l a b  t anks  
and t o  determine "safe" va lues  f o r  c r i t i c a l i t y  c o n t r o l .  

Univers i ty  of  Washington - Battelle-Northwest Cooperative Research 
Program 

Work has begun on a coopera t ive  research  program between t h e  
Univers i ty  o f  Washington and Battelle-Northwest.  The work i s  being 
p a r t l y  funded by a g ran t  t o  t h e  Un ive r s i ty ' s  Department of  Nuclear 
Engineering from t h e  National  Science Foundation. The research  





proposal presents  a plan whereby t h e  experimental f a c i l i t i e s  of t h e  
Plutonium C r i t i c a l  Mass Laboratory may be used on a part-time b a s i s  
by f a c u l t y  and s tudents  of t h e  Universi ty of Washington i n  carrying 
out a number of important conjoin t  research p ro jec t s  t h a t  w i l l  a l s o  
serve a s  t h e s i s  research.  The f i r s t  a reas  of  research involve neutron 
spectrum s tud ies  i n  undermoderated plutonium assemblies,  pulsed neutron 
source experiments, and measurements of r eac to r  noise .  

HIGH TEMPERATURE REACTOR LATTICE PHYSICS STUDIES (R. E. Heineman ) 

Reactor Construct ion 

The insu la t ion  between t h e  r e a c t o r  and s h e l l  has been completely ' 

i n s t a l l e d .  The AEC has accepted t h e  job from t h e  subcontractor.  The 
r e a c t o r  room has been cleaned and a temporary a i r  lock constructed i n  
f r o n t  of t h e  s h e l l  p r i o r  t o  i n s t a l l i n g  t h e  r eac to r  graphi te .  The 
graphi te  l i n t e l  ba r s  f o r  l a y e r s  5 and 23 of  t h e  r eac to r  were received 
from t h e  vendor. Mockup of t h e  r eac to r  s t ack  was resumed, and 75% of  
t h e  lay-up has been completed. 

An engineering review of c e r t a i n  systems and p a r t s  of  t h e  HTLTR 
is  being made by B a t t e l l e  engineers.  The study includes t h e  primary 
coolant loop,  t h e  s t r u c t u r a l  f l o o r  loading beneath t h e  r eac to r  s h e l l  
and i n  t h e  r e a c t o r  h a l l ,  and t h e  e l e c t r i c a l  bus bar  system f o r  t h e  core 
heaters .  Preliminary r e s u l t s  have been compiled and a r e  being reviewed. 

Reactor Mockup and Materials  

The repor t  which documents t h e  r e s u l t s  obtained from Mockup Run 
Number 4 i s  approximately 85% complete. 

The g raph i t e  t o  copper e l e c t r i c a l  connection a t  t h e  bus-bar was 
removed and inspected. Both t h e  graphi te  and copper appeared t o  be i n  
exce l l en t  condit ion.  

A cont rac t  was awarded f o r  t h e  co-precipi tated 4% Gd2O3 - 
4% Eu203-Ni p l a t e s  t o  be used i n  t h e  blades of t h e  HTLTR s a f e t y  rod. 
Delivery, scheduled f o r  t h e  l a s t  week i n  August, i s  compatible with 
t h e  schedule f o r  t h e  f a b r i c a t i o n  of t h e  s a f e t y  rods. 

More than three-four ths  of t h e  ceramic d r i v e r  f u e l  elements have 
been shipped by t h e  vendor. The graphi te  cladding i s  due i n  Ju ly .  

Reactor Equipment 

Discussions were held with t h e  Architect-Engineer t o  f u r t h e r  explain 
t h e  c r i t e r i a  f o r  t h e  moisture removal system. The procurement speci f ica-  
t i o n  has been i ssued by t h e  Architect-Engineer. 





The experimental programs r equ i re  t h a t  r e a c t o r  c e l l s ,  f u e l  t r a i n s ,  
and t e s t  samples be pos i t ioned ,  o s c i l l a t e d ,  and replaced during HTLTR 
opera t ion .  The systems t o  accomplish t h e s e  funct ions  a r e  known as t h e  
HTLTR O s c i l l a t o r s .  The o s c i l l a t o r  development has been assigned t o  
Battelle-Northwest . 

A decis ion  t o  use  an e lec t ro-hydraul ic  servo d r i v e r  system was 
made, and b ids  on t h e s e  systems a r e  due on J u l y  6 ,  1966. 

Fabr ica t ion  s t a t u s  of  subassemblies i s  as fol lows:  Key, 75%; 
Carriage,  25%; O s c i l l a t o r  mechanism, 27%; Valves, 63%; and Drive, 18%. 
Late de l ive ry  of  purchased components h a l t e d  c a r r i a g e  f a b r i c a t i o n  f o r  
most of t h i s  month, 

Design of t h e  co ld  t e s t  mockup i s  complete and f a b r i c a t i o n  i s  
about 40% complete. d l 1  components f o r  t h i s  mockup w i l l  be de l ivered  
t h i s  month. Design f o r  hot  t e s t  modif icat ion and equipment has been 
i n i t i a t e d .  

D e t a i l s  of t h e  e l e c t r o n i c  i n t e r f a c e  between t h e  computer, PMACS, 
and t h e  o s c i l l a t o r  were f i n a l i z e d ,  design of a computer s imulator  f o r  
o s c i l l a t o r  t e s t i n g  w a s  completed, and p a r t s  f o r  t h e  s imulator  ordered.  

A r epor t  descr ib ing  t h e  s e l e c t i o n  of  t h e  d r i v e  system was s t a r t e d .  

A motor-generator s e t  has been obtained from an excess l i s t  a s  
a backup power source f o r  t h e  ins t rumenta t ion  system. 

Programmed Measurement and Control  System 

Acceptance Tes t s  and Modif icat ions 

The acceptance t e s t  f o r  t h e  Programmed Measurement and Control 
System (PMACS) has been signed with t h e  exception of  t h e  alpha-numeric 
d i sp lay  po r t ion  o f  t h e  system. It w a s  discovered t h a t  t h e  design of  
t h e  cha rac te r  genera tor  i n  t h e  alpha-numeric d i sp lay  w i l l  not  a l low 
continuous opera t ion  of  some cha rac te r s .  The vendor w a s  contacted 
about t h i s  problem, and they  s e n t  replacement t r a n s i s t o r s  and hea t  
s inks .  Since t h e  replacement t r a n s i s t o r s  were found t o  be inadequate,  
t h e  vendor requested t h a t  t h e  cha rac te r  genera tor  be shipped back t o  
t h e i r  p l a n t  f o r  rebui ld ing .  Other por t ions  of t h e  system t h a t  had he ld  
up acceptance were reso lved  a s  fol lows:  

Excessive no i se  was p resen t  on t h e  x-y d r ive  l i n e s  of  
t h e  analog d isp lay .  RC F i l t e r s  were installed at  t h e  
osc i l l o scope  end o f  t h e  x and y d r i v e  l i n e s  from t h e  
d ig i ta l - to-analog  conver te r ,  reducing t h e  noise  a t  t h e  
scope t o  an acceptable  l e v e l .  

A weak wiper arm on one s e c t i o n  of  t h e  Safe ty  C i r c u i t  
By-Pass Switch caused i n t e r m i t t e n t  f a i l u r e .  I n s t a l l a t i o n  
of a new switch has been recommended. 





A f a u l t y  mercury wetted r e l a y  was replaced i n  t h e  
prec is ion  res i s t ance  temperature de tec to r  (RTD) ranging 
log ic .  Prec is ion  RTD noise i s  now only 3 analog-to- 
d i g i t a l  channels of s c a t t e r  with an occasional  count 
appearing i n  a four th  channel. The reso lu t ion  supplied 
(0.014 OC) has been accepted, although 0.01 O C  r e so lu t ion  
i s  requi red  by t h e  spec i f i ca t ion .  

A Dectape d r ive  motor was r e b u i l t .  A Teletype sha f t  
f roze  because of l a c k  of lubr i can t ;  a rou t ine  main- 
tenance procedure w i l l  be s e t  up t o  prevent f u r t h e r  
f a i l u r e s .  

A dr ive  system was assembled f o r  t h e  small backup analog d i sp lay  
tube which has been added. The instruments i n  t h e  panels i n  t h e  con t ro l  
room were rearranged according t o  systems. The necessary changes t o  t h e  
severa l  drawings involved were forwarded t o  t h e  Architect-Engineer f o r  
considerat ion.  

System R e l i a b i l i t y  

A data-gathering technique has been developed t o  record opera t ing ,  
maintenance and f a i l u r e  experience with t h e  con t ro l  and s a f e t y  systems. 
It w i l l  be reviewed with t h e  r e a c t o r  operat ions group and implemented. 
Many groups w i l l  be i n t e r e s t e d  i n  how well  t h e  systems perform. A 
c a r e f u l  recording of experiences with t h e  systems w i l l  be he lp fu l  f o r  
prospective users  of  s i m i l a r  equipment f o r  both AEC and p r i v a t e  r e a c t o r  
i n s t a l l a t i o n s ,  and safeguards and regula tory  organizat ions of t h e  AEC. 

Programming 

Debugging was completed on t h e  MICRO rou t ine ,  and one more por t ion  
of t h e  main supervisory prograin. This por t ion  keeps t r a c k  of a l l  t ape  
reques ts  from t h e  queue t a b l e  and s e l e c t s  t h e  tape  u n i t s  a t  t h e  co r rec t  
t ime. Debugging was about 80% completed on DISPLAY, t h e  demand display  
rou t ine  f o r  t h e  alpha-numeric TV. This program w i l l ,  upon r e c e i p t  of 
various simple keyboard reques t s ,  d isp lay  such items a s  gas temperatures. 

Programming has been s t a r t e d  on two other  rou t ines :  

1. Limit,  a program which pe r iod ica l ly  scans t h e  current  
value t a b l e  containing a l l  analog inpu t s ,  checks f o r  
out  of l i m i t  po in ts  and d isplay  t h e i r  loca t ion  and value.  

2. Logi, a program which i s  cont ro l led  by opera tor  demand 
and when c a l l e d  w i l l  type  out a l l  of  t h e  current  analog 
input  va lues ,  both i n  t h e  raw counts and engineering u n i t s .  
In  add i t ion ,  an alpha-numeric i d e n t i f i c a t i o n  of each channel 
w i l l  be typed along with a heading g iv ing t h e  time of day. 





Programming continued on t he  reactor  flux-to-level and period 
data.  

Transient temperature s tud ies  of t he  HTLTR show t h a t  the re  a re  
two s e t s  of time constants.  The response a t  a point c lose  t o  t he  heat 
source i s  r e l a t i v e l y  f a s t  and represents t he  time t o  achieve an 
equilibrium temperature d i s t r ibu t ion .  A much longer time constant i s  
dominant a f t e r  equilibrium. This r e s u l t s  from a change i n  temperature 
of t h e  t o t a l  mass of graphi te .  

The l o c a l  t r an s i en t  response i s  s t i l l  not well defined. Because 
of t h e  amount of in te rac t ion  among t h e  heaters  and thermocouples and 
t h e  l a rge  thermal time constants ,  a feedback control  alone may be too 
slow t o  achieve a uniform temperature i n  a reasonable time. The TIGER V 
code has been used t o  obtain t r an s i en t  temperature data .  A few more 
runs w i l l  be made t o  t r y  t o  define t h e  shor ter  time constants,  s ince  
t he  longer one can be considered a s  resu l t ing  from a pure in tegrat ion.  
The ul t imate  method w i l l  probably require  a combination of feedback and 
feedforward control .  

Reactor Operations 

A formalized t r a i n ing  course has been i n s t i t u t e d  on PMACS opera- 
t i o n  and programming. This course i s  i n  preparation f o r  de ta i l ed  writ ing 
of t h e  Operating Procedures f o r  t h e  individual  experimental operations.  

Reactor Physics Program - 
Experimental Program 

Work has s t a r t ed  on t he  design of t h e  mechanical system f o r  coupling 
t h e  ends of t h e  o s c i l l a t o r  rams t o  t h e  various pa r t s  i n  t h e  experimental 
l a t t i c e  t h a t  have t o  be inse r ted  i n to ,  extracted from, and moved within 
t h e  reactor .  The coupler i s  required t o  operate i n  t he  reac to r  atmos- 
phere at temperatures up t o  1000 O C  and t o  adapt t h e  .normal motions of 
t h e  osci l la tor- -a  longi tudinal  displacement control led  by PMACS, or  an 
a x i a l  ro ta t ion  which i s  manual--to move t h e  pa r t s  a s  required o r  switch 
t he  point of appl ica t ion of t h e  ram from one par t  t o  another. 

Discussions have been held t o  define t he  work needed t o  design 
t h e  f u e l  element hea te r s  t o  obtain f u e l  temperature coef f i c ien t s .  The 
f i r s t  heater  w i l l  be a va r ia t ion  of one which has been successfully used 
previously up t o  950 O C .  

The cross  sect ion l i b r a r y  f o r  THERMOS calcula t ions  containing t h e  
isotopes and mixtures of i n t e r e s t  t o  HTLTR experiments i s  now complete. 
Al l  cross  sect ions  a r e  from t h e  BNW Master Library. 

The l i b r a r y  contains,  a s  a function of temperature, cross  sect ions  
fo r  na tu ra l  boron, carbon, n ickel ,  copper, cadmium, samarium, eurppiup, 
gadolinium lutet ium nd old .  I a l so  
~ 2 7 ,  Th231, $33, u53e, u935, $38, 
Leonard1 s cross  sec t iona l  values f o r  pu239 and Sherl  s cross  sec t iona l  





values f o r  d3'. Park 's  s c a t t e r i n g  kernels  f o r  g raph i t e  a t  var ious  
temperatures a r e  a l s o  included.  

The method used t o  i d e n t i f y  each of t h e  above i so topes  and 
mixtures i s  as fol lows:  t h e  f irst  iden t  number (ID) is  derived i n  
t h e  usual  THERMOS no ta t ion ,  i . e . ,  i so tope  A and Z.  For example, 

92 
~~~5 i s  i d e n t i f i e d  a s  23592. 

The second THERMOS iden t  number (IDA) u t i l i z e s  t h e  usual  THERMOS 
no ta t ion  along with some a d d i t i o n a l  no ta t ion  t o  speci fy  t h e  des i r ed  
temperature. The usual  THERMOS no ta t ion  f o r  t h e  second iden t  number i s :  

I D A  - Descript ion 

a 
a 

a f 
a a c t  
a 

S 

D 

10  Mixture o r  Alloy 

50-99 Specia l  Kernels 

The add i t iona l  no ta t ion  t h a t  i s  used with t h i s  p a r t i c u l a r  l i b r a r y  i s :  

11 a - f u e l  i so tope  with no resonance a parameter t a b l e  on BNW Master 
Library 

12  a - same a s  above f 
21 a - Leonard's d a t a  f o r  Pu 239 

a 
a - Leonard's d a t a  f o r  Pu 239 

f  
60 Park ' s  g raph i t e  kernel  

The complete second iden t  number i s  obtained by adding t h e  des i r ed  
temperature ident  ( s e e  below) t o  t h e  proper I D A  Thus, t o  obta in  c ross  
sec t ions  at  828 O K  using Sher 's  values f o r  Pu 239, t h e  two ident  numbers 
a r e  24994 801. 

Temp. (OK) Ident  Temp. 





Tape ~ 9 3 6 9  contains t h e  l i b r a r y  described above and i s  used on 
t h e  UNIVAC 1107 computer with t h e  version of t h e  THERMOS code t h a t  
u t i l i z e s  30 energy groups. 

Calculat ions of r e a c t i v i t y  worths of c e l l s  and poison mater ia ls  
using THERMOS and HRG were continued. This work i s  preliminary t o  
using unpoisoned l a t t i c e  c e l l s  i n  t h e  HTLTR measurements of excess 
neutron production a s  a m c t i o n  of temperature. The ca lcula t ions  
re fe r red  t o  i n  e a r l i e r  monthly repor t s  a r e  being used t o  document 
t h e  program of measuring Maxwellian cross  sec t ions  and rl values t o  
high temperatures. 

Two dimensional d i f fus ion  theory ca lcu la t ions  have been used t o  
est imate t h e  e f f e c t  of cy l indr ic iz ing  t h e  cubic graphi te  s tack of t h e  
ac tua l  r eac to r .  

Learning Loops 

Work i s  being done on real-time processing of experimental da ta  
t o  obta in  values of r eac to r  parameters. Two machine programs have been 
formulated and made opera t ional  on t h e  PDP-7 computer coupled t o  t h e  
HTLTR. The f i r s t  learning loop (BNW program  earn-I) pred ic t s  c r i t i c a l  
f u e l  loading by observing counts, t ime, shim control ,  and f u e l  loading 
during an approach t o  c r i t i c a l i t y .  The second learning loop (BNW pro- 
gram Learn-11) observes counts and t ime,  and ca lcu la tes  t h e  asymptotic 
period and r e a c t i v i t y  of t h e  reac to r .  

Both programs were formulated i n  pure Fortran language, t o  pro- 
vide freedom from obsolescence and t o  enhance t h e  l ike l ihood of achieving 
s a t i s f a c t o r y  chain-linkage coupling t o  t h e  PMACS control  program being 
developed. T r i a l  runs,  based upon simulating r e a l i s t i c  observations by 
feeding i n  a c t u a l  measurements made on t h e  Physical Constants Test 
Reactor, now t o t a l  well  over 50 hours of genera l ly  s a t i s f a c t o r y  program 
and computer operat ion.  Conversion of asymptotic period t o  r e a c t i v i t y  
shows s o l i d  agreement with t h e  5-figure period-to-reactivi ty PCTR t a b l e s  
(HW-73457) over t h e  f u l l  opera t ional  range. C r i t i c a l  f u e l  loading 
predic t ions  show s a t i s f a c t o r y  r e l i a b i l i t y  u n t i l  j u s t  a f t e r  t h e  l a s t  f u e l  
element i s  loaded. Then t h e  analys is  switches t o  predic t ion of c r i t i c a l  
shim posi t ion .  Further refinement of t h e  learning log ic  s t i l l  i s  
needed t o  span t h i s  terminal  phase of t h e  approach t o  c r i t i c a l i t y .  

PHOENIX FUEL REACTOR PROGRAM (P. L. ~ o ~ m a n n )  

MTR-Phoenix Experiment 

Nuclear D e s i ~ n  Calculat ions 

Multidimensional analys is  of both t h e  p a r t i a l  Pu core and t h e  
f u l l  Pu core f o r  t h e  MTR-Phoenix burnup experiment were continued 
during t h e  pas t  month. The work on t h e  p a r t i a l  Pu core i s  primari ly 
a methods development e f f o r t  aimed a t  synthesizing a 3-D power map 
from 2-D ca lcu la t ions .  The p a r t i a l  Pu core was se lec te& f o r  t h i s  work 
because of t h e  extensive ana lys i s  already c a r r i e d  ou t  f o r  t h i s  core 
configurat ion.  





A 4 energy group 2-D s p l i c e  has been compared t o  a 2 group 3-D 
calcula t ion.  In  t h e  following t a b l e  t h e  ca lcula t ions  f o r  t h e  same 
control  rod posi t ion  and t h e  same s e t  of basic cross sec t ion data  a r e  
compared. 

Pk-to-Avg. Allowable 
Calc. Model keff  Power Density Power Level 

4 group 2-D s p l i c e  0.994 5.62 19.0 MW 

2 group 3-D 1.046 5.40 19.5 MW 

A t  present a 2 group 2-D s p l i c e  ca lcu la t ion  i s  being ca r r i ed  out  
i n  an attempt t o  separa te  t h e  2 group vs  4 group e f f e c t s  from t h e  2-D 

' 

s p l i c e  vs  3-D ca lcu la t ion  e f f e c t s .  The necess i ty  f o r  introducing 
2 group calcula t ions  comes about because t h e  3-D code, WHIRLAWAY, i s  
l imi ted  t o  2 energy groups. Our standard analys is  methods make use of 
4 energy groups. 

A new code, POWER WRITER, makes it now possible t o  get  power 
d i s t r i b u t i o n s  d i r e c t l y  out  of WHIRLAWAY. This code e d i t s  t h e  f l u x  maps 
from WHIRLAWAY and const ructs  power maps d i r e c t l y .  

Since it now appears t h a t  a f u l l  Pu core ra the r  than a p a r t i a l  
core may be used f o r  t h e  burnup experiment, a major portion of t h e  
design e f f o r t  is being concentrated on obtaining data  f o r  t h e  f u l l  Pu 
MTR-Phoenix core. Three-D calcula t ions  a re  being ca r r i ed  out  f o r  various 
posi t ions  of t h e  control  rods operated a s  a bank, and f o r  c e r t a i n  groups 
of rods f u l l  i n  o r  f u l l  out .  To da te ,  only t h r e e  ca lcula t ions  have been 
completed, and t h e  r e s u l t s  a r e  shown i n  t h e  following t ab le .  

Pk-to-Avg. Allowable 
Rod Posit ion* keff  Power Density Power Level 

*cm from top  of f ixed  f u e l  t o  top  of rod follower f u e l .  

Leonard's ~u~~~ cross  sec t ions  have been used i n  t h e  above calcu- 
l a t i o n s  a s  a matter  of convenience. I f  t h e  more up t o  date  Sher da ta  a r e  
used with i t s  r e s u l t i n g  3% l o s s  i n  r e a c t i v i t y ,  t h e  e f f e c t  on allowable 
power from a change i n  c r i t i c a l  rod posi t ion  i s  ra the r  small. The above 
r e s u l t s  were obtained without t h e  use of f lux  suppressors o r  graduated 
f u e l  compositions. 

CAF-Phoenix Experiments 

Experiments t o  measure t h e  c r i t i c a l  height  of unpoisoned, water- 
r e f l e c t e d ,  Phoenix-type cores have begun i n  t h e  C r i t i c a l  Approach 
F a c i l i t y .  The core height  i s  adjusted by adding f u e l  d i scs  and poly- 
ethylene spacers t o  t h e  f u e l  element cans. Adding f u e l  t o  19  cans and 





decontaminating them required two days, which was much f a s t e r  than 
ant ic ipated .  C r i t i c a l  approaches were completed i n  t h e  r a d i a l  
d i rec t ion  f o r  four d i f f e r e n t  f u e l  heights  using 19 f u e l  elements. 

PRCF-Phoenix Experiments 

Planning f o r  a c r i t i c a l  experiment which w i l l  be conducted i n  
t h e  Plutonium Recycle C r i t i c a l  F a c i l i t y  (PRCF) and which w i l l  use f u e l  
elements of t h e  MCR geometry continued during t h e  month. Drawings 
describing t h e  PRCF experimental arrangement have been prepared and 
c i rcu la ted  f o r  comments. Fabricat ion of  132 f u e l  p l a t e s  a r e  expected 
t o  be completed i n  July .  Additional high exposure plutonium has been 
requested f o r  an add i t iona l  264 p l a t e s  t o  increase t h e  s i z e  of t h e  
core from 9 elements t o  27 elements. An order has been placed f o r  
standard MTR f u e l  element end f i t t i n g s  and cadmium shim assemblies 
f o r  use i n  t h e  PRCF experiment. 

Fuel Fabricat ion f o r  PRCF 

A l l  of t h e  132, A l  - 20 wt$ Pu a l l o y ,  f u e l  p l a t e s  a r e  scheduled 
t o  be c lad  with 0.020-inch t h i c k  aluminum by Ju ly  1, 1966. Final  
dimensional s i z ing  of t h e  perimeter weld w i l l  not have been completed 
because t h e  equipment f o r  doing t h i s  w i l l  not be i n  operat ion u n t i l  t h e  
f i r s t  p a r t  of Ju ly .  Because of t h e  shortage of high exposure Pu, fab- 
r i c a t i o n  of 12,  A l  - 10 wt% Pu a l loy ,  f u e l  p l a t e s  i s  being delayed 
u n t i l  Ju ly .  A t  t h a t  time it i s  expected t o  be known whether t h e  PRCF 
Phoenix experiment w i l l  u t i l i z e  t h e  present ly  planned p a r t i a l  core load 
o r  a f u l l  core load of Al - Pu f u e l  p la tes .  For t h e  l a t t e r  case,  a 
preliminary est imate of f abr ica t ion  was d ra f t ed ,  taking i n t o  account 
t h e  a v a i l a b i l i t y  of high exposure plutonium. The est imate indicated  
t h a t  t h e  s m a l l  quant i ty  of high exposure plutonium avai lable  makes it 
very d i f f i c u l t  t o  f a b r i c a t e  required addi t ional  PRCF f u e l .  p l a t e s  by 
October 1, 1966. A t a r g e t  completion date  of December 15,  1966, could 
probably be met. 

Planning of t h e  MTR Burnup Experiment 

A meeting was held with personnel from t h e  MTR a t  t h e  National 
Reactor Test S i t e  t o  d iscuss  t h e  Phoenix Experiment i n  t h e  MTR. No 
major problems a r e  an t i c ipa ted  i n  carrying out t h e  varioue proposed 
measurements, except t h a t  t h e  use of in-core f l u x  monitors w i l l  be 
v i r t u a l l y  impossible due t o  t h e  d i f f i c u l t y  of s t r ing ing  cablea through 
t h e  s t r u c t u r e s  above t h e  core. It was a l s o  pointed out t h a t  t h e  de- 
termination of rod-free c r i t i c a l i t y  w i l l  probably be l imi ted  t o  t h e  
beginning and end of t h e  burnup cycle.  Intermediate points  a r e  d i f f i -  
c u l t  t o  obta in  because of t h e  l ack  of s torage f a c i l i t i e s  f o r  t h e  ir- 
radia ted  f u e l .  

Phoenix Fuel Applications Study 

A study i s  under way t o  inves t iga te  t h e  performance of  Phoenix 
fuels  f o r  power reac to r  appl ica t ions  i n  t h e  200 - 300 ~ w ( t )  range. 
Several f u e l  types and designs w i l l  be analyzed i n  a number of d i f -  
f e r e n t  core configurat ions.  





Of primary interest is a comparison of pin and plate type fuel 
elements from both a physics and engineering standpoint, since the pin 
geometry is customary in power reactors, whereas plate geometry will 
be used in the MTR experiment. Nuclear calculations having different 
metal-to-water ratios, pin sizes, and fuel compositions have started. 
The design analysis to establish the thermal hydraulic limits and heat 
transfer capabilities of these cores is in progress. 

REACTOR FUELS AND MATERIALS 

FAST FUELS OXIDES AND NITRIDES (w. E. ~oake) 

Thermal Expansion Studies 

Results of thermal-expansion experiments on PuO2 and U02 - 
2 wt% Pu02 confirm earlier data for stainless steel - Pu02 cermets and 
Pu02, which indicated that large irreversible volume changes are 
associated with the annealing of pneumatically-impacted materials. 

One heating cycle was completed on a pneumatically-impacted Pu02 
specimen. A contraction of 0.81% occurred between 1015 and 1220 "C, 
followed by a 1.48% expansion between 1220 and 1385 "C. Above 1400 "C, 
the rate of reaction between Pu02 and the tungsten sample holder was 
sufficiently large to mask thermal expansion. A coefficient of 13.1 
x ~o-~/"c (200 - 1400 "C) for PuOp was estimated from the cooling 
portion of the cycle. 

Four thermal expansion heating and cooling cycles to 1550 "C 
were completed on a pneumatically-impacted U02 - 2 wt% Pu02 specimen. 
The first continuous cycle (3.5"C/min) showed a large and rapid volume 
increase beginning at 1000 "c, which was essentially complete at 1550 "c. 
The cooling leg of the cycle and three additional cycles showed no 
further irreversible changes. The net expansion after the first cycle 
was 1.46%, and t e average reversible expansion coefficient was 2 11.7 + 0.3 x 10- /OC (20 - 1550 OC). 

In contrast to the U02 - 2 wt% Pu02 sample, which exhibited only 
pronounced grain growth after four cycles, the Pu02 sample exhibited 
large open cracks penetrating up to 90% of the sample diameter after 
one cycle. This crack fonnation may account for the apparent contrac- 
tion of Pu02. 

Irradiation Performance of Fast Reactor Fuel Candidates - UN - 20 wt% PuN 

Mass spectrometric analyses of radial drillings from UN - 20 wt% 
PuN irradiated to 2.4 x 1020 f/cc at 2130 w/cm confirmed radiochemical 
indications of severe plutonium migration. Concentration of PuN varied 
from 17.8 wt% at the periphery to 22.5 wt% at the mid-radius to 7.9 wt% 
near the fuel center. 





Preparation of Hypostoichiometric Mixed Plutonium-Uranium Oxides 

Improved solid-solution formation of uranium oxide - 20 wt$ 
plutonium oxide powders was obtained after wet-blending the powders 
with deionized water in an alumina ball mill. Good solid-solution 
formation after sintering for five hours at 1650 OC in argon - 8% hy- 
drogen was indicated by both x-ray diffraction and alpha autoradiography. 

Sodium Bonding Hoods 

Modification of three individual sections of a glove box 
previously used for a swage was started. The modified hoods will be 
used to house equipment for sodium bonding fuel to cladding in a high 

' 

purity inert atmosphere. The completed hoods will consist of one 
individual nine-foot-long hood and one nine-foot-long hood connected 
to one six-foot-long by eight and one-half-foot tall hood. 

Installation of the modified hoods is expected to be completed 
by the middle of July. 

BASIC SWELLING STUDIES (G. A. ~ast) 

The purpose of this program is to characterize fissionable 
materials and understand their behavior during irradiation. The 
theories developed provide a basis for the engineering exploitation of 
metallic fuel materials in advanced reactor applications. Specimens 
under study at the present time include uranium with and without dilute 
alloy additions and thorium-uranium alloys. 

Irradiation Program 

A tandem assembly of two capsules continues to operate success- 
fully. One of the capsules is controlled at 250 OC and 1000 psi; the 
other is a low pressure ( ~ 3 0  psi) capsule controlled at 525 OC. The 
goal exposures are 0.75 at.$ B.U., and 0.4 at.$ B.U., respectively. 
Another controlled temperature, low pressure (Q30 psi) capsule is now 
being controlled at 450 OC toward a goal exposure of 0.3 at.$ B.U. 
This capsule had been designed to operate at 450 OC, but this tempera- 
ture could not be maintained due to insufficient heat transfer. The 
control temperature was increased to 625 OC which was maintained while 
the reactor was up. A lower control temperature of 525OC was necessary 
during periods of reactor down time. These temperatures were used for 
approximately three weeks. Due to an undetermined cause, the heat 
transfer increased to a point such that control at the original design 
temperature of 450 OC is now possible. These capsules will provide data 
needed to evaluate the effects of temperature, pressure, burnup, burnup 
rate, and minor alloying additives on the irradiation behavior of uranium. 

Construction has started on a controlled temperature (450 OC) - 
pressure (5000 psi) capsule which will operate toward a goal exposure of 
0.2 at.% B.U. in the natural specimens. The capsule contains 12 speci- 
mens representing six materials in two metallurgical conditions ( as 





extruded and beta  quenched). Six of t h e  s ecimens a r e  high pur i ty  
uranium (na tu ra l ,  1 .44% u235, and 2.88% U235) ; two a r e  U+Fe-Si, and 
four a r e  U+Fe-A1 (na tu ra l  and 1.47% ~ ~ ~ 5 )  a l loy .  The t h r e e  l e v e l s  
of u235 w i l l  provide th ree  d i f fe ren t  burnups within approximately 
t h e  same environment which w i l l  enhance t h e  evaluation of t h e  e f f e c t s  
of burnup and burnup r a t e .  This capsule w i l l  a l s o  provide information 
on t h e  e f f e c t s  of high pressure (5000 p s i )  and minor a l loying addi t ives  
on t h e  behavior of uranium i r r a d i a t e d  a t  450 O C .  

Pos t i r r ad ia t  ion Examination 

Three control led  temperature capsules were opened i n  Radio- 
metallurgy and t h e  specimens were recovered f o r  densi ty measurements 
and metallographic analyses. Capsule 25, containing high pur i ty  
uranium specimens enriched t o  1 . 4 4  wt$ ~ 2 3 5 ,  was control led  a t  500 O C  

and was i r r a d i a t e d  t o  0.04 a t  .% B.U. Capsules 33 and 34 were both 
control led  a t  700 O C  (be ta  ~ h a s e )  and were i r r a d i a t e d  t o  0.10 and 
0.20 a t . $  B.U., respect ively .  The specimens were high-purity na tu ra l  
uranium, U+Fe-Si a l l o y ,  and U+Fe-A1 a l loy .  

Most of t h e  specimens from Capsules 33 and 34 appeared v i s u a l l y  
t o  be i n  excel lent  condition with l i t t l e  o r  no warping, surface roughening 
o r  cracking being observed. Density measurements on a high-purity 
uranium specimen and a U+Fe-Al a l loy  specimen (400 ppm Fe, 640 ppm Al, 
85 ppm S i ,  500 ppm C )  i r r a d i a t e d  a t  700 O C  t o  0.2 a t  .% B.U., revealed 
only t h r e e  percent swelling o r  a value of 15  percent swelling per atom 
percent burnup. This i s  presumably due t o  f i s s i o n  gas poros i ty ,  but 
some i n t e r n a l  cracking and t e a r i n g  may have a l s o  occurred a s  these  
samples were cycled severa l  times through t h e  alpha-beta transformation. 
Metallographic examination w i l l  define t h e  source of t h e  measured 
swelling. It i s  noteworthy t h a t  t h e  swelling was so  s m a l l  and t h a t  t h e  
a l l o y  specimen exhibited t h e  same behavior a s  t h e  high pur i ty  uranium. 
These observations tend t o  corroborate t h e  concepts t h a t  have been de- 
veloped with previous i r r a d i a t i o n s  a t  lower temperatures (alpha phase) 
and with lower burnup (0.05%) i r r a d i a t i o n s  a t  700 O C  (be ta  phase). The 
d e n s i t i e s  of t h e  remaining specimens w i l l  be measured shor t ly  and 
metallographic examination w i l l  be i n i t i a t e d .  

Some of t h e  specimens from Capsule 25 showed severe d i s t o r t i o n  
while o the rs  had not changed appreciably i n  ex te rna l  appearance. The 
specimens t h a t  had. large  o r i g i n a l  g ra in  s i z e s  and operated a t  about 
450 O C  were, i n  genera l ,  those  t h a t  exhibited d i s to r t ion .  Density 
values a r e  being determined and se lec ted  specimens w i l l  be examined 
metal lographical ly.  

Optical  microscope examination of pos t i r rad ia t ion  annealed 
specimens of Th-1 and 5 wt% U (1.5 a t  .% B.U. ) indica tes  t h e  presence 
of g ra in  boundary porosi ty.  Replicas were prepared from t h e  surfaces 
f o r  examination i n  t h e  e lec t ron  microscope. 





Equipment i s  being modified t o  permit t h e  p o s t i r r a d i a t i o n  
annea l ing  of uranium specimens t o  p re s su re s  of  15,000 p s i  and t o  
temperatures  of  900 O C .  The experiments t o  be conducted a r e  designed 
t o  y i e l d  information concerning t h e  swel l ing  behavior of uranium, t h e  
hea l ing  of mic ro t ea r s  formed i n  uranium i r r a d i a t e d  i n  t h e  400 - 600 O C  

temperature range,  and t h e  d i f f u s i o n  of  f i s s i o n  gases  ac ros s  a U-U 
i n t e r f a c e  and a U-Zr  2 i n t e r f a c e .  

NONDESTRUCTIVE TESTING ( J. C . Spanner ) 

Electromagnetic T e s t a  

The f o u r  channel s i g n a l  sampling c i r c u i t  f a b r i c a t e d  f o r  use with 
t h e  mult iparameter  eddy cu r ren t  tub ing  t e s t e r  was checked and t e s t  
specimen c r o s s  s e c t i o n  d i s p l a y s  were obtained.  The d i sp l ays  obta ined  
a r e  s i m i l a r  t o  t h o s e  obta ined  without  t h e  new sampling c i r c u i t s ,  and 
first  r e s u l t s  show t h a t  some of t h e  des i r ed  inc rease  i n  t h e  parameter 
s epa ra t ing  c a p a b i l i t y  of t h e  equipment i s  being obtained.  For example, 
it i s  now p o s s i b l e  t o  d i sc r imina te  a g a i n s t  s i g n a l s  due t o  a d r i l l e d  ho le  
having a p a r t i c u l a r  depth. These c a p a b i l i t i e s  were not  poss ib l e  i n  t h e  
previous arrangement. Fur ther  t e s t s  a r e  i n  progress  t o  more f u l l y  
eva lua t e  t h e  new technique.  

Design d a t a  a r e  being obta ined  f o r  t h e  pro to type  tub ing  t e s t e r  
which w i l l  use  t h e  mult iparameter  concepts developed t o  da t e .  The new 
t e s t e r  w i l l  have two channel readout ,  l i k e  t h e  Hanford Model 1004 tubing  
t e s t e r ,  and t h e  mult iparameter  concept w i l l  be appl ied  t o  g r e a t l y  reduce 
t h e  e f f e c t  of t e s t  probe wobble. Laboratory t e s t s ,  using t h e  develop- 
mental mult iparameter  eddy cu r ren t  t e s t  equipment opera t ing  a t  two f r e -  
quencies ,  show t h a t  a l a r g e  reduct ion  i n  probe wobble e f f e c t s  can be 
obtained.  The new t e s t  w i l l  have four-dimensional c a p a b i l i t y  so it i s  
expected t h a t  it w i l l  be capable of  i n d i c a t i n g  t h e  l o c a t i o n  of  f laws 
( e i t h e r  i nne r  wa l l  o r  o u t e r  w a l l ) ,  d i s c r imina te  aga ins t  probe wobble 
s i g n a l s  i n  both output  channels ,  and e i t h e r  readout  another  parameter 
o r  g ive  a more r e f i n e d  d i sc r imina t ion  aga ins t  probe wobble s i g n a l s .  

I n f r a r e d  and Thermal Research 

A new c o n t r o l  system f o r  t h e  s inuso ida l  thermal  t ransducer  d r i v e r  
has  been developed. Tes t s  showed t h a t  much b e t t e r  con t ro l  of t h e  t r a n s -  
ducer power input  i s  obta ined  over  a wider range with t h e  new system. 
I n  a d d i t i o n ,  t h e  new system i s  l e s s  noisy ,  which should make poss ib l e  
more accu ra t e  measurements of  t h e  power input  t o  t h e  t ransducer .  

An experimental  h igh  s e n s i t i v i t y  s o l i d  s t a t e  temperature measuring 
d e t e c t o r  has  been i n s t a l l e d  i n  t h e  t r ansduce r ,  and t e s t s  a r e  being con- 
ducted t o  determine whether o r  not  improved accuracy i n  temperature 
measurement has  a c t u a l l y  been a t t a i n e d .  Modif icat ions were made t o  
lower t h e  c h a r a c t e r i s t i c  impedance of t h e  present  thermal  t r ansduce r ,  
and subsequent t e s t i n g  shows t h a t  t h e  frequency response of t h e  





transducer has been increased and t h a t  g rea te r  power inputs a r e  now 
poesible. This i s  expected t o  improve t h e  signal-to-noise r a t i o  f o r  
thermal impedance measurements made on highly conductive samples with 
t h e  transducer. 

One of t h e  goals of t h e  present work is t o  develop an ins t ru-  
ment f o r  rapidly  measuring t h e  high and low temperature thermal 
proper t ies  of mater ia ls .  I f  successful ,  these  measurements w i l l  re- 
quire  no spec ia l  shaping of samples excep t - fo r  grinding a f l a t  surface 
on one s ide .  The samples would merely be placed on a support i n  which 
a thermal transducer was mounted. Such a rapid thermal property mea- 
surement method would mean t h a t  thermal proper t ies  of many mate r ia l s ,  
n o t . l i s t e d  f o r  a wide range of temperatures, could be economically 
measured and information not preoently avai lable  i n  t h e  l i t e r a t u r e  
could be publfehed. Present emphasis i s  on metals and other  good 
conductors s ince  much of t h e  i n t e r e s t  i n  nuclear high temperature 
appl ica t ions  is  or iented i n  t h a t  d i rect ion.  

Fundamental Ultrasonic Studies 

Research continued on a program t o  provide an improved under- 
standing of u l t rason ic  propagation phenomena. I n  previous u l t rason ic  
pulse s tud ies ,  t h e  pulse frequency spec t ra  appeared t o  be poorly 
represented by Fourier s e r i e s  approximations using ex i s t ing  d i g i t a l  
computer programs which convert time varying data  in to  t h e  frequency 
domain. Since t h i s  transformation i s  e s sen t i a l  t o  u l t rasonic  pulse 
propagation e tudies ,  a new approach t o  t he  problem was undertaken. 

A s  an i n i t i a l  t r i a l ,  attempts were made t o  represent  t h e  s igna l s  
by a time varying function which includes an exponential damping f ac to r ,  
a hyperbolic s ine  f ac to r ,  and a periodic cosine fac to r .  Solutions in- 
volve t h e  determination of coef f i c ien t s  and arguments which e s t ab l i sh  
good agreement with experimentally observed s ignals .  A trial and e r r o r  
procedure i s  necessary i n  order t o  f ind  su i t ab l e  values f o r  t h e  unknown 
parameters, and such a procedure requires  some est imate of t h e  
parameters involved. S t a r t i ng  values are c r i t i c a l  and so f a r  methods 
t o  obtain su i t ab l e  est imates have not been euccessful.  

Concurrently, t h e  one sided Fourier transform was coded i n  
preparation f o r  use with t h e  new time varying function. Testing of 
t h i s  program has been held up by t h e  aforementioned d i f f i c u l t i e s .  The 
present s tud ies  have been designed t o  be compatible with previous 
analys is  of u l t rason ic  wave propagation, and when debugged, t h e  analys is  
should e a s i l y  be incorporated i n  t h e  main program. 

I n  t h e  general  study of a t tenuat ing acoustic waves, expressions 
f o r  t h e  r e f l e c t i on  and transmiseion fac to rs  i n  t h e  presence of attenua- 
t i o n  have been derived and programmed. There a r e  a l s o  s tud ies  by others  
i n  t h e  f i e l d  of acoustic wave behavior which provide t heo re t i c a l  ex- 
pressions f o r  t h e  sca t t e r ing  of u l t rason ic  waves by polycrys ta l l ine  
metals. Since sca t t e r ing  i s  t h e  most predominate contribution t o  





at tenuat ion i n  t h e  MHz frequency range, Rayleigh and s tochas t i c  
s c a t t e r i n g  values given by t h e  aforementioned expressions a r e  being 
ca lcula ted  f o r  a  v a r i e t y  of metals and condit ions.  These s c a t t e r i n g  
values a r e  then being used t o  c a l c u l a t e  r e f l e c t i o n  and transmission 
f a c t o r s  having a  range of frequencies.  The r e s u l t i n g  divis ion of  
emplitudes between r e f l e c t e d  and re f rac ted  waves should provide in- 
formation which w i l l  cover t y p i c a l  condit ions encountered i n  p rac t i ce .  

NUCLEAR CERAMICS (R.  E . Night ingale ) 

Stoichiometry Effects  on I r r a d i a t i o n  Behavior of UOp 

Analysis of t h e  r a d i a l  oxygen d i s t r i b u t i o n  i n  i r r a d i a t e d  UO 
( t h e  l a s t  of s i x  specimens with O / U t  s of 1.90, 1.99, 2.00, 2.02, 2.15 . 

2.05, and 2.15 t o  be s tudied)  showed t h a t ,  a s  with o ther  U02+x specimens, 
gross  migration of oxygen t o  t h e  center  occurred. In  t h e  center  t h e  
O/U r a t i o  a f t e r  i r r a d i a t i o n  was 2.40. The da ta  a r e  being analyzed i n  
an attempt t o  compute p a r t i t i o n  functions f o r  oxygen concentration i n  
t h e  melt i n  equilibrium with t h e  s o l i d  f o r  t h e  various mean oxygen 
pressures represented i n  t h e  experiment. 

Correlat ion of heat - t ransfer  parameters with mean f u e l  composi- 
t i o n  was completed. The p r inc ipa l  r e s u l t  - was t h e  re la t ionsh ip  between 
t h e  average oxygen t o  uranium r a t i o ,  O/U,  and t h e  heat r a t i n g  required 
f o r  center  melting. This can be l i n e a r l y  expressed as :  

where Tm = melting temperature 
and k  = thermal conductivi ty.  

Between 500 OC and t h e  " r e c r y s t a l l i z a t i o n  temperature," ( T ~ ~ ) ,  thermal 
conductivi ty was i n s e n s i t i v e  t o  mean composition changes f o r  2.05 <m 
~ 2 . 0 0 ;  a  marked decrease i n  conductivi ty with increasing O/U was evident 
f o r  2.00 <O/U ~ 2 . 0 5 .  This t rend i s  reasonable because: 

(1) For O/U <2.00, much of t h e  excess uranium e x i s t s  a s  second- 
phase inclus ions  which contr ibute  l i t t l e  toward a l t e r i n g  
thermal conductivi ty.  

( 2 )  For O/U ~ 2 . 0 0 ,  t h e  excess oxygen i s  i n  so lu t ion  and a c t s  
a s  phonon s c a t t e r i n g  cen te r s  which s t rongly  reduce t h e  
l a t t i c e  conductivi ty.  

( 3 )  For very high O/U ( i .  e. , above 2.05 ) it i s  reasonable t o  expect 
p r e c i p i t a t i o n  of U409 o r  some o the r ,  higher oxide phase so t h a t  
a s  composition v a r i e s ,  t h e  matrix changes only i n  t h e  proportion 
of  t h e  two phases present  without s i g n i f i c a n t  change i n  com- 

pos i t ion  within a  p a r t i c u l a r  phase. A s  with U02,x, then,  t h e  





thermal conductivi ty should be r e l a t i v e l y  unaffected by 
small compositional changes within t h e  two-phase region. 

The conductivi ty between T and melting reached a minimum near O/U = 2; 
it rose  more rapidly  a s  a funct ion of stoichiometry f o r  O/U > 2 than f o r  
O/U < 2. It thus appears t h a t  t h e  addi t ion  of oxygen decreases t h e  low- 
temperature thermal conductivi ty and increases t h e  high-temperature con- 
duc t iv i ty .  The uniform decrease i n  heat r a t i n g  required f o r  center  
melting r e f l e c t s  p r inc ipa l ly  t h e  decrease i n  U02+x melting temperature 
with increasing O/U r a t i o .  

S t o i c h i m e t r y  Effects  on UOp Hardness 

Knoop hardness measurements of pneumatically-impacted U02+x f o r  ' 

O/U r a t i o s  of 1.90, 1.99, 2.00, 2.02, 2.05, and 2.15 showed t h a t  t h e  
hardness varied almost l i n e a r l y  with increase  i n  O/U from 530 ( f o r  O/U = 
1.90) t o  880 ( f o r  O / U  = 2.15). Specimens were prepared by blending U02 
powder with U409 o r  U powders and compacting t h e  mixtures a t  1200 O C  

and 250,000 p s i .  Compacts with O/U >2 were p a r t i a l l y  homogenized but 
contained s m a l l  U409 inclusions t h a t  p rec ip i t a ted  on cooling. For . 
O/U <2, all t h e  excess uranium was present  a s  10-20 p metal inc lus ions .  

For O / U f s  >2 t h i s  behavior seems reasonable i n  terms of d i s -  
loca t ion  pinning by dissolved oxygen ions. The low hardnesses f o r  O / U 1 s  
<2 probably r e s u l t  from t h e  presence of t h e  s o f t  uranium inclus ions  
which a r e  present  i n  such q u a n t i t i e s  a s  t o  be unavoidable i n  placement 
of t h e  indenter .  

Recovery and Recrys ta l l i za t ion  i n  Pneumatically-Impacted Ceramics 

Recent thermal expansion and thermal d i f f u s i v i t y  measurements on 
U02, Pu02, and t h e i r  s o l i d  so lu t ions  ind ica te  t h a t  i r r e v e r s i b l e  s t ruc-  
t u r a l  changes occur during post-impaction annealing. To explain these  
e f f e c t s  and t o  r e l a t e  them t o  t h e  general  phenomena of recovery and re-  
c r y s t a l l i z a t i o n  a f t e r  mechanical working, d i f f e r e n t i a l  thermal analys is  
(DTA), measurements were i n i t i a t e d  t o  inves t iga te  t h e  presence and re-  
l e a s e  of s to red  energy. Several DTA runs t o  1420 "C were made on 
pneumatically-impacted U02 powder. The s e n s i t i v i t y  of t h e  DTA apparatus 
was not  s u f f i c i e n t  t o  detec t  heat e f f e c t s .  Additional experiments a r e  
cur ren t ly  i n  progress using s o l i d  DTA samples and a modified sample 
holder i n  an attempt t o  improve t h e  s e n s i t i v i t y  of t h e  instrument. 

Mechanism of Pneumatic-Impaction Bonding 

Unique etch-pit  d i s t r i b u t i o n s  were observed i n  pneumatically- 
impacted U02 s ing le  c r y s t a l s .  Impacted p a i r s  of U02 s ing le  c r y s t a l s  
showed a dense "fringe" of e tch  p i t s  around t h e  exposed cube surfaces ,  
an in tennedia te  etch-pit  population i n  t h e  i n t e r i o r ,  and an almost 
complete l ack  of e tch  p i t s  a t  t h e  in te r face  surfaces.  Differences i n  
polycrys ta l  p l a s t i c  deformation suggest t h a t  pressure i s  not being 
t ransmit ted  t o  a reas  located  between t h e  s ingle-crys ta l  cubes. The 





re la t ionsh ips  between these  e tch  p i ts  and accompanying p l a s t i c  
deformation, bond character ,  and apparent pressure d i s t r i b u t i o n  
around and within t h e  specimens i s  being inves t igated .  

Improvements i n  bonding of U02 s ing le  c r y s t a l s  were observed 
when an add i t ive  compound (Sm203, Tho2 o r  U02.08) was present  a t  
t h e  in te r face .  This may be due t o  t h e  in t roduct ion of excess oxygen 
leading t o  a defect  c r y s t a l  s t r u c t u r e ,  enhanced in te r -c rys ta l  d i f -  
fus ion ,  o r  r eac t ion  with t h e  oxygen o r  meta l l i c  component, t o  improved 
p l a s t i c i t y ,  o r  t o  o ther  f ac to r s .  

Materials  f o r  Basic Research 

Eight l a r g e  U02 s ing le  c r y s t a l s ,  weighing 235 grams, were 
se lec ted ,  prepared, and sent  t o  t h e  Engineering and Research Laboratory, 
Mitsubishi Atomic Power Indus t r i e s ,  Inc . ,  Japan, f o r  use i n  e l a s t i c  
modulus and i n t e r n a l  f r i c t i o n  s tudies .  Crys ta l  specimens w i l l  be 
prepared i n  Japan t o  t h e  required lengths of 1 3  t o  28 mm with severa l  
specimen o r ien ta t ions .  Representative samples of t h e  c r y s t a l s  were 
characterized f o r  stoichiometry and pur i ty .  

A 50 x 356 mm rod of Pyroceram 9606 was obtained from t h e  
National Bureau of Standards f o r  use as a thermal conductivi ty 
standard. The mate r i a l  i s  s i m i l a r  t o  t h e  Pyroceram 9606 standard 
being proposed by N.B.S. 

NUCLEAR GRAPHITE 

I r r a d i a t i o n  of Nuclear Grabhite 

The graphi te  capsule, H-3-12, present ly  i n  t h e  GETR i s  i n  t h e  
f i n a l  cycle of i r r a d i a t i o n  and i s  scheduled f o r  removal during t h e  week 
of J u l y  3rd. A t  t h a t  time t h e  maximum neutron exposure w i l l  be approxi- 
mately 2.2 x 1022 nvt  , E >0.18 MeV. 

I r r a d i a t i o n s  of "~imensionally-Stable" Graphites 

The second capsule, H-3-23, i n  t h e  present  s e r i e s  f o r  t h e  ir- 
rad ia t ion  of "dimensionally-stable" graphite8 has successful ly  completed 
t h e  f i r s t  cycle of i r r a d i a t i o n .  One thermocouple has f a i l e d ,  and t h e  
one with t h e  scraped insu la t ion  operates in te rmi t t en t ly .  The binary 
gas system i s  functioning very well .  

Graphite I r r a d i a t i o n s  i n  EBR-I1 

Immediate p lans  f o r  i r r a d i a t i o n s  i n  EBR-I1 a r e  f o r  t h e  i n s e r t i o n  
of  t h r e e  p ins  i n  t h e  reac to r  i n  mid-July. Each pin  contains 17  graphi te  
samples 0.250" d ia .  x 1.75" long. Two of t h e  p ins ,  scheduled f o r  a 
six-month i r r a d i a t i o n  residence w i l l  g e t  an exposure of about nvt 
(E >0.18 M ~ v ) .  The t h i r d  p i n  w i l l  receive approximately ha l f  t h i s  dose. 
The i r r a d i a t i o n  temperature of a l l  t h r e e  capsules should be approxi- 
mately 600 OC. 





Nine add i t iona l  p ins  a r e  a l so  being assembled f o r  f u t u r e  t e s t s  
i n  t h e  reac to r .  These pins w i l l  be i n s t a l l e d  i n  t h e  reac to r  on a 
space-available bas is .  

Averag in~  Techniques i n  Polycrys ta l l ine  Graphite 

A computer program has been wri t ten  t o  be used i n  ca lcu la t ing  
t h e  po lycrys ta l l ine  values of Young's Modulus and dimensional changes 
froan s ingle-crys ta l  values. Preliminary ca lcu la t ions  ind ica te  t h a t  a 
constant s t r e s s  model taking i n t o  account c-axis accommodation gives 
values of  Young's Moduli which a r e  i n  good agreement with t h e  experi- 
mental values. An i r r a d i a t i o n  model has a l s o  been proposed. The bas i s  
of  t h e  proposed model i s  t h a t  i r r a d i a t i o n  w i l l  change t h e  amount of 
accommodation i n  polydrys ta l l ine  graphite.  Such changes a r e  accounted 
f o r  by varying t h e  p robab i l i ty  t h a t  a c r y s t a l l i t e  of given o r ien ta t ion  
w i l l  cont r ibute  t o  t h e  o v e r a l l  proper t ies  of t h e  graphite.  Thus f a r ,  
t h e  ca lcula ted  o v e r a l l  changes of length  and e l a s t i c  moduli a r e  com- 
p a t i b l e  with t h e  experimental values. 

I r r a d i a t i o n  of  NCC Pyrolyt ic  and Single-Crystal Graphite 

A capsule designed t o  i r r a d i a t e  samples a t  50 O C  was t e s t e d  i n  
t h e  Snout F a c i l i t y  i n  KW Reactor. Capsule temperatures ran  s i g n i f i -  
can t ly  higher than des i red ,  evident ly  due t o  an underestimate of  t h e  
gamma heating. A new capsule designed t o  allow f o r  t h e  g r e a t e r  heat  
generat ion has been fabr ica ted  and w i l l  be t e s t e d .  

The four  s e t s  of  samples f o r  t h e  i r r a d i a t i o n s  have been received 
from Union Carbide. Goal exposures f o r  t h e  t e s t s  a re  2 ,  5 ,  10,  and 
20 x 1017 nvt (E  >0.18 M ~ V ) .  

The Effect  of  Oxidation on t h e  Sonic Modulus of TSX Graphite 

To compare changes i n  t h e  sonic modulus occurring upon oxidation 
with changes i n  t h e  u l t imate  t e n s i l e  and compressive 's trengths,  a s e r i e s  
of  p a r a l l e l  samples of  TSX graph i te  was oxidized i n  a i r  a t  700 OC t o  
varying extents  up t o  about 15% weight loss .  Measurements of sonic 
moduli were made both before and a f t e r  oxidation.  The mechanical mea- 
surements were then performed on t h e  oxidized as well a s  a few un- 
oxidized samples. It has been found t h a t  t h e  va r ia t ion  with oxidation 
of all t h r e e  p roper t i e s  follows a re la t ionsh ip  of t h e  form 

where P = t h e  property under considerat ion 
Po = t h e  i n i t i a l  value of t h i s  property 
W = t h e  weight of sample remaining 

Wo = t h e  i n i t i a l  sample weight 

and A and B a r e  constants .  Because of t h e  v a r i a t i o n  i n  t h e  i n i t i a l  
densi ty  within t h e  s e r i e s  of semples, it was f i r s t  necessary t o  obta in  
values of Po f o r  t h e  oxidized samples by correc t ing t h e  values obtained 





on t h e  unoxidized samples t o  t h e  proper i n i t i a l  densi ty ,  P, by means 
of t h e  equation 

log P = m log p + b ( 2 )  

This equation i s  i d e n t i c a l  i n  form t o  equation (1). The values of A 
and B i n  equation (1) were obtained by t h e  " l eas t  squares" method and 
a r e  compared i n  t h e  following t a b l e  with some values f o r  PGA graphi te  
published by Rounthwaite e t  a l .*  

Property A B - B** - 
Sonic modulus 0.989 9.44 8.6 
Tensile  s t rength  0.987 7.98 8.2 
Compressive s t rength  1.004 6.28 6.8 

It i s  seen from t h e  values of B t h a t  t h e  sonic modulus decreases 
somewhat more rap id ly  with oxidation than does t h e  u l t imate  t e n s i l e  
s t r eng th  which, i n  t u r n ,  decreases more rap id ly  than t h e  u l t imate  
compressive s t rength .  The values of A and B a r e  probably l e a s t  re-  
l i a b l e  i n  t h e  case of t h e  t e n s i l e  s t rength  because of g rea te r  s c a t t e r  
i n  t h e  data.  Both t h e  sonic moduius and t h e  compressive s t rength  
c lose ly  follow t h e  above logarithmic equation. 

To inves t iga te  f u r t h e r  t h e  a c t u a l  depth of penetrat ion of oxi- 
dant i n t o  t h e  graphi te  during oxidation,  a s e r i e s  of t ransverse  samples 
was oxidized t o  about 15% weight l o s s  a t  temperatures ranging from 600 
t o  850 O C .  Successive s h e l l s  were then machined from t h e  c y l i n d r i c a l  
samples and t h e  densi ty  of these  s h e l l s  determined from t h e  weight re-  
moved and t h e  changes i n  t h e  sample dimensions. I n  t h i s  manner t h e  
r a d i a l  va r i a t ion  i n  t h e  apparent densi ty  was obtained. The densi ty  
d i s t r i b u t i o n s  ind ica te  t h a t  a t  600 O C  oxidation i s  e s s e n t i a l l y  homo- 
geneous, an expected r e s u l t .  A t  700 O C  a s l i g h t  gradient  e x i s t s ,  but 
t h e  oxidant probably penet ra tes  t o  t h e  center  of t h e  sample, a t  l e a s t  
through t h e  system of macropores. A t  750 OC t h e  gradient  i s  somewhat 
s teeper  but r e l a t i v e l y  deep penetrat ion occurs,  again probably only 
through t h e  l a r g e r  pores. A t  t h i s  temperature even a f t e r  15% oxidation,  
t h e  u t i l i z a t i o n  f a c t o r  i s  only about 0.4, which ind ica tes  t h a t  t h e  
major por t ion  of t h e  micropore system is  ava i l ab le  t o  t h e  oxidant. A t  
t h e  two highes t  oxidation temperatures employed, 800 O C  and 850 O C ,  

very s t eep  densi ty  gradients  occurred, and it appears t h a t  t h e  oxidant 
was l imi ted  t o  about t h e  outer  45% and 30% of t h e  sample volumes 

*C. Rounthwaite, G.A. Lyons, and R.A. Snowdon, "Influence of Thermal 
Corrosion on t h e  Strength,  Permeability and F r i c t i o n a l  Proper t ies  of 
Nuclear Graphite, " London Carbon Conference, Apri l  1965. 

**These values of Rounthwaite e t  a l ,  a r e  average values f o r  both 
p a r a l l e l  and t ransverse  samples. They have assumed i n  each case t h a t  
A = 1. 





r e s p e c t i v e l y .  Moreover, it i s  l i k e l y  t h a t  on ly  t h e  macropores i n  
t h e s e  volumes were a v a i l a b l e  t o  t h e  ox idan t ,  because t h e  u t i l i z a t i o n  
f a c t o r s  a f t e r  15% ox ida t ion  a r e  approximatelv n.2 and 0.06 a t  800 O C  

and 850 O C ,  r e s p e c t i v e l y .  

It i s  r e a d i l y  apparent  t h a t  no at tempt  should be made t o  r e -  
l a t e  t h e  magnitude of  t h e  u t i l i z a t i o n  f a c t o r  t o  p e n e t r a t i o n  of  t h e  
ox idant  i n t o  t h e  g r a p h i t e  samples. It has been p rev ious ly  shown 
t h a t  t h e  l o s s  i n  son ic  modulus wi th  ex t en t  of  ox ida t ion  i s  independent 
of  t h e  r a t e  o f  ox ida t ion  up t o  tempera tures  nea r  750 O C .  The presen t  
d e n s i t y  p r o f i l e  measurements exp la in  t h i s  r e s u l t .  Oxidant pene t r a t i on  
throughout t h e  sample volume by means o f  t h e  system o f  macropores i s  
reasonably complete a t  t empera tures  near  750 O C ,  i r r e s p e c t i v e  o f  t h e  
f a c t  t h a t  l e s s  t han  h a l f  of t h e  i n t e r n a l  s u r f a c e  a r e a  i s  a v a i l a b l e  f o r  
r e a c t  ion .  

Compat ib i l i ty  S tud ie s  of  Sodium wi th  Graphi te  

Seven i r r a d i a t e d  CSF g r a p h i t e  samples were heated i n  contac t  
with sodium f o r  100 hours  a t  537 O C  (1000 O F ) .  Four samples were ir- 
r a d i a t e d  a t  about 500 O C  t o  exposures ranging from 1 . 5  x  1020 t o  2  x  

nv t  ( E  >0.18 M ~ v ) .  Three samples were i r r a d i a t e d  a t  30 O C  t o  
exposures of 1 x 1019, 6 x  1019,  and 1 . 2  x  1020 nvt  ( E  >0.18 M ~ v ) .  
The samples were s e a l e d  i n  s t a i n l e s s  s t e e l  capsu l e s  a f t e r  t h e  capsu les  
had been f i l l e d  with sodium. The capsu le  welding and opening ope ra t i ons  
were performedin a he l ium- f i l l ed  glove box. The i n t e r a c t i o n  of  g r a p h i t e  
wi th  sodium caused an expansion i n  t h e  samples ranging from 0.7 t o  1 .0%.  
I n  NAA-SR-11309, 3.9% expansion was r epo r t ed  f o r  t ype  TSP g r a p h i t e  ir- 
r a d i a t e d  t o '  1.1 x 1021 nvt  . The sma l l e r  expansion f o r  t h e  h igher  ex- 
posure CSF g r a p h i t e  may be due t o  t h e  d i f f e r e n t  t ype  o f  g r a p h i t e  used 
i n  t h e  p re sen t  s t u d i e s .  Some pre l iminary  work on u n i r r a d i a t e d  CSF 
g r a p h i t e  i n d i c a t e s  t h a t  t h e  expansion i s  n e a r l y  complete a f t e r  t h r e e  
hours t rea tment  wi th  sodium a t  400 O C .  

IRRADIATION DAMAGE TO REACTOR METALS 

Alloy Se l ec t i on  

Assembly of t h e  second l i q u i d  meta l  capsu le  i s  near ing  completion. 
This  capsu le  uses  sodium a s  t h e  environmental medium r a t h e r  than  NaK 
a l l o y  t o  more c l o s e l y  approximate t h e  ope ra t i ng  cond i t i on  of  t h e  sodium 
cooled f a s t  b reeder  concept.  Problems a s s o c i a t e d  wi th  sodium handl ing 
a r e  being surmounted. The sodium w i l l  be maintained i n  t h e  l i q u i d  s t a t e  
at  a l l  t imes  dur ing  i r r a d i a t i o n  by means of a h e a t e r  immersed i n  t h e  
metal  a t  t h e  capsu le  c e n t r a l  axis. The i r r a d i a t i o n  assembly conta in ing  
32 AISI 316 s t a i n l e s s  s t e e l  mechanical t e s t  specimens w i l l  be charged 
i n  ETR Cycle 83. 

F i n a l  p r epa ra t i ons  a r e  being made f o r  i n s e r t i o n  o f  a  charac- 
t e r i z e d ,  r e f r a c t o r y  me ta l ,  specimen and con ta ine r  assembly i n  t h e  
v e r t i c a l  s e c t i o n  o f  t h e  model ga s  loop.  The assembly w i l l  be examined 
a t  t h e  end of  each five-day cyc l e  f o r  any phys i ca l  o r  mechanical changes 





caused by t h e  loop environment, TbemscoupLcs placed r a d i a l l y  and 
a x i a l l y  w i l l  monitor t h e  temperature flow c h a r a c t e r i s t i c s  of t h e  
assembly, Information gained from this experiment w i l l  a i d  i n  design 
of t h e  in-core assembly for  %he ATW gas loop, 

The AISI 316 s t a i n l e s s  s t e e l  order f r ~ m  Allegheny Ludlum has 
been poured. The Pla t  s tock w i l l  be r o l l e d  a t  Pennsylvania s i t e s .  
Two 12" x 12" ingots  were shipped t o  Watervliet ,  New York, f o r  
processing t o  t h e  speci f ied  ram% shapes. 

In-Reactor Measuseme*%a of M e c h a r n % s d . ~ e r t i e e  --- >-.s--.--=- 

The in-reactor  creep t e s t  8% 8b0 "@ on mnewled 304 s t a i n l e s s  
s t e e l  was not s t a r t e d  due to heater f a i l u r e .  The capsule w i l l  be 
replaced so  t h a t  t h e  required t e s t  data e m  be obtained. 

In-reactor  and ex-reaeksr creep t e s t %  a re  continuing a t  300 O C  

and 55,000 p s i ,  m d  a t  bGO "C md 36,500 p s i o  The t e s t  a t  350 OC and 
45,000 p s i  wee terminated af ter  beater failure, 

The minimum r g t e  observed at 3QQ "C and 55,000 p s i  i s  6.5 x 
10'7/hr. The specimen had been p~ev iousby  s t reseed a t  36,500 p s i  
and 45,000 p s i .  WQ minimmi creep rate has yet  been obtained f o r  t h e  
400 O C ,  36,500 p s i  in-reactor creep test. Creep r a t e s  obtained f o r  
t h e  350 O @ ,  36,500 and 45 000 p s i  test p r i o r  t o  heater  f a i l u r e  were 
3 x 10-7/hr snd 1 . 4  x 10-b/hr9 respect ively .  The capsule w i l l  be 
recovered f o r  fu tu re  specimen exm%nat ians .  

Construction of the  high temperature capsule i s  sontinuing. 
E l e c t r i c a l  i n s t a l l a t i o n s  for capsule checkout were s t a r t e d  and w i l l  
be completed t h i s  month. 

Appropriation requests  and spec i f i ca t ions  were wri t ten  f o r  t h e  
purchase of addi t ional  control  systems f o r  i n s t a l l a t i o n  i n  t h e  reac to r  
f a c i l i t i e s .  

I r r a d i a t i o n  Effects  i n  S t r u c t u r a l  Materials  

S t a i n l e s s  S t e e l s  

The purpose of  t h i s  phase of t h e  program is  t o  determine t h e  
combined e f f e c t s  of. i r r a d i a t i o n  and environment on t h e  mechanical 
proper t ies  of s t a i n l e s s  s t e e l s .  Radiation-induced property changes 
w i l l  be determined from i r r a d i a t i o n s  and t e s t s  conducted st various 
temperatures on severa l  e l loys .  P a r t i c u l a r  emphasis w i l l  be placed 
on determining t h e  existence of metallurgica$ i n s t a b i l i t i e s  and t h e  
mechanisms by which they a r e  enhaneed i n  a nuclear  environment. 

Electron micrsscopy examineations have been employed t o  charac- 
t e r i z e  t h e  microstructure of &IS% 304 and 3b8 s t a i n l e s s  s t e e l s  i n  both 
t h e  annealed and highly so ld  worked condition p r i o r  t o  i r r a d i a t i o n .  
Specimens from d i f f e r e n t  h e ~ t s  have been examined. Samples from heats  
of  AISI 316 and 321 s t a i n l e e s  s t e e l  a re  a l s o  being s tudied.  This 
thorough charac te r i za t ion  is necessary f o r  detec t ing sub t l e  changes 
caused by neutron i r r a d i a t i o n .  





Electron micrographs were obtained from a bulk specimen of 
AISI 348 s t a i n l e s s  s t e e l  which had been i r r a d i a t e d  at 60 O C  t o  an 
exposure of  about 1 .0  x 1020 nvt (>1 ~ e v ) .  Carbide p a r t i c l e s  were 
observed primari ly i n  t h e  matrix of t h e  mater ia l  and did not appear 
t o  have increased i n  e i t h e r  s i z e  o r  number due t o  a s u f f i c i e n t l y  low 
i r r a d i a t i o n  and t e s t i n g  temperature. The p a r t i c l e s  were removed by an 
ext rac t ion process and i d e n t i f i e d  a s  niobium carbides by means of 
x-ray d i f f rac t ion .  These p a r t i c l e s  were a l s o  examined on t h e  e lec t ron 
microprobe. The p a r t i c l e s  were so small t h a t  t h e i r  composition could 
not be determined. 

I r r a d i a t i o n  a t  60 O C  r e su l t ed  i n  t h e  appearance of many very 
small c l u s t e r s  i n  t h e  annealed AISI 348 s t a i n l e s s  s t e e l .  These defect  
c l u s t e r s  can grow and ann ih i l a te  one another depending upon various 
f a c t o r s  which a r e  usual ly  temperature dependent. A l a r g e  port ion of 
t h e  mechanical property changes due t o  displacement-type damage i s  
recoverable upon pos t i r rad ia t ion  annealing a t  temperatures between 
400 t o  600 O C .  Therefore, thinned bulk specimens i n  t h e  i r r a d i a t e d  
condit ion were annealed a t  450 O C  f o r  one hour i n  vacuum and then 
examined i n  t h e  e lec t ron microscope t o  determine what changes i n  micro- 
s t r u c t u r e  occurred. Only a s m a l l  port ion of t h e  defects  were removed, 
and it appeared t h a t  only t h e  smaller-sized defect  c l u s t e r s  were 
a f fec ted .  The l a r g e r  c l u s t e r s  appear t o  be s t a b l e  even at 450 O C  f o r  
shor t  times. Additional bulk specimens a r e  current ly  being examined 
a f t e r  annealing a t  temperatures t o  600 O C .  Specimens i r r a d i a t e d  a t  
temperatures t o  750 O C  have a l s o  been obtained and a r e  current ly  
awaiting examination. A shielded f a c i l i t y  has been constructed and i s  
cu r ren t ly  being checked f o r  use i n  preparing e lec t ron microscopy 
specimens from radioact ive  bulk specimens. 

Nickel-Base Alloys 

The purpose of t h i s  program i s  t o  determine t h e  e f f e c t s  of 
modified microstructures on t h e  i r r a d i a t i o n  s t a b i l i t y  of nickel-base 
a l loys .  S t ruc tu ra l  modifications a r e  made by p re i r rad ia t ion  thermal 
and/or mechanical t reatments and a r e  evaluated by t e n s i l e  t e s t s ,  
s tress-to-rupture t e s t s  and metallographic examinations. 

A formal repor t  e n t i t l e d  "Improved Pos t i r rad ia t ion  Stress-Rupture 
Proper t ies  of Hastelloy X-280," BNWL-231, by I. S. Levy, d e t a i l i n g  t h e  
r e s u l t s  of t h e  s t ress- rupture  t e s t s  r ecen t ly  completed, has been sent  
t o  Technical Publicat ions f o r  p r in t ing .  A paper e n t i t l e d  " ~ o s t -  
i r r a d i a t i o n  Mechanical Property Improvements i n  Hastelloy X-280 and 
Inconel 600," BNWL-SA-724 A, by I. S. Levy, has been submitted t o  t h e  
American Nuclear Society fo r  presenta t ion a t  t h e  Winter Meeting i n  
Pit tsburgh.  A paper cor re la t ing  unir radia ted  t e n s i l e  proper t ies  with 
t h e  microstructures of p re t rea ted  Hastelloy X-280, e n t i t l e d  " ~ l e c t r o n  
Microscopy of Tensile  Specimens of Thennomechanically Treated 
IIastelloy X-280," BMJL-SA-608, by I.S. Levy, B. Mastel, and J. L. Br im-  
h a l l ,  has been submitted t o  Trans. AIME f o r  publicat ion.  

Electron microscopy has continued on sect ions  from t h e  s t r essed  
areas  of i r r a d i a t e d  and unir radia ted  standard so lu t ion  t r e a t e d  Hastelloy 





X-280 specimens t h a t  were t e n s i l e  t e s t e d  a t  1350 OF (730 O C ) .  Last 
month it was reported t h a t  transmission microscopy showed matrix 
p r e c i p i t a t e s  i n  t h e  uni r radia ted  specimens, but none i n  t h e  i r r a d i a t e d  
specimen. This month, r e p l i c a  microscopy, using s imi la r  20-mil th ick  
wafers from t h e  same areas  of t h e  specimens and using t h e  same e lec t ro -  
l y t i c  e tch  a s  was used f o r  t h e  transmission microscopy, showed t h a t ,  
i n  r e a l i t y ,  t h e  uni r radia ted  specimens had two forms of matrix pre- 
c i p i t a t e ,  one extremely s m a l l  and one q u i t e  l a rge .  The rep l i cas  showed 
f u r t h e r  t h a t  t h e  e f f e c t  of i r r a d i a t i o n  was t o  i n h i b i t  p rec ip i t a t ion  of 
t h e  s m a l l  p r e c i p i t a t e ,  t o  increase t h e  s i z e  of  t h e  l a r g e  p r e c i p i t a t e ,  
and t o  produce t h i s  l a r g e r  p r e c i p i t a t e  primari ly around gra in  boundaries. 
This mater ia l  had very low d u c t i l i t y  a f t e r  i r r a d i a t i o n .  This evidence 
re inforces  t h e  suggestion presented l a s t  month f o r  t h e  mechanism of 
i r r a d i a t i o n  embrittlement i n  t h i s  a l loy .  Defects,  caused by i r r a d i a t i o n  
a t  540 OF (280 'c) i n  t h e  standard solut ion t r e a t e d  mater ia l ,  increased 
d i f fus ion  t o  t h e  g ra in  boundary, under t h e  influence of t e s t  soak and 
subsequent t e n s i l e  s t r a i n  a t  1350 OF (730 O C ) ,  of those elements which 
would otherwise have p rec ip i t a ted  i n  t h e  matrix. It has been shown 
t h a t  d u c t i l i t y  can be improved 100% by a  p re i r rad ia t ion  aging a t  1500 OF 

(815 O C )  f o r  24 hr .  The i r r a d i a t e d  specimen given t h i s  treatment showed 
gross matrix p r e c i p i t a t e  a f t e r  t e n s i l e  s t r a i n i n g  a t  1350 OF (730 O C ) .  

This suggests t h a t  c lus tered  so lu te  atoms, formed during t h e  
1500 OF (815 O C )  aging treatment,  i n t e r a c t  with t h e  irradiation-induced 
defects  a t  540 OF (280 O C )  t o  form complex aggregates. These aggre- 
gates  promote p rec ip i t a t ion  i n  t h e  matrix during subsequent high tem- 
pera ture  t e s t i n g ,  thereby r e s t r i c t i n g  di f fus ion of t h e  embri t t l ing  
const i tuents  t o  t h e  g ra in  boundary. 

A s imi la r  mechanism can be used t o  explain t h e  r e s u l t s  of t e n s i l e  
t e s t s  and metallography on Inconel 600. Experimental t reatments t e s t e d  
thus  f a r  show t h a t  improvements of  up t o  138% i n  t o t a l  elongation with 
no reduction i n  y i e l d  s t rength  were poss ib le  (compared t o  the  standard 
treatment)  f o r  specimens i r r a d i a t e d  a t  540 OF (280 O C )  t o  1 x lo2' nvt 
( f a s t )  and then t e n s i l e  t e s t e d  a t  1350 OF (730 O C ) .  Met allography 
( 1 0 0 0 ~ )  o f  t h e  unstressed sect ions  of uni r radia ted  specimens subsequent 
t o  t e s t i n g  shows t h a t  t h e  standard treatment had heavy, continuous g ra in  
boundaries and no matrix p r e c i p i t a t e ,  while t h e  specimen receiving t h e  
treatment t h a t  r e su l t ed  i n  t h e  bes t  pos t i r rad ia t ion  d u c t i l i t y  showed a 
noncontinuous g ra in  boundary p r e c i p i t a t e  and a  matrix p r e c i p i t a t e .  

Stress-rupture t e s t s  on unir radia ted  Hastelloy X-280 specimens, 
which a r e  controls  f o r  those i r r a d i a t e d  specimens already t e s t e d  and 
reported on, have commenced t h i s  l a s t  month. These a r e  being conducted 
i n  a i r  a t  1350 OF (730 O C )  and a t  18,000 p s i ,  t h e  1000-hr rupture s t r e s s  
f o r  standard t r e a t e d  unir radia ted  mater ia l .  

Twenty-six t e n s i l e  and 22 s t ress- rupture  specimens of Hastelloy 
X-280, Inconel 600, and Inconel X-750 which were i r r a d i a t e d  a t  1300 OF 
(705 O C )  t o  a goal  exposure of 1 x loao nvt ( f a s t ) ,  have been dis-  
charged. Tensi le  t e s t s  a r e  scheduled t o  commence next month. 





Fracture Mechanics 

The f r a c t u r e  toughness of normalized A302-B exposed t o  one- 
h a l f  cycle i n  t h e  G-7 loop of t h e  ETR has been determined. The 
specimens were placed i n  t h e  X-3, A-3 pos i t ion  d were estimated 
t o  have obtained an average exposure of 5 x 101rneutrons/cm2. 
There was probably a subs tan t i a l  exposure gradient  along t h e  specimen, 
however, s ince  t h e  X-3 posi t ion  extends out of t h e  core of t h e  reac to r .  
It was found t h a t  280 O C  i r r a d i a t i o n  t o  5 x 1018 neutrons/cm2 does not 
a f f e c t  t h e  f r a c t u r e  toughness. The toughness ( K ~ ~ )  observed f o r  t h e  
i r r a d i a t e d  mater ia l  f o r  cracking along t h e  r o l l i n g  d i rec t ion  was es-  
s e n t i a l l y  t h e  seme a s  da ta  obtained from unir radia ted  specimens. 

There was a decrease i n  t h e  s t r e s s  i n t e n s i t y  f a c t o r  a t  a r r e s t ,  
KIa, indica t ing t h a t  i r r a d i a t i o n  increased t h e  r a t e  s e n s i t i v i t y  of t h e  
mater ia l .  I n  view of t h i s  increase of r a t e  s e n s i t i v i t y ,  it i s  thought 
t h a t  PNL r e s u l t s  correspond with notched Charpy impact da ta  which 
ind ica te  a t r a n s i t i o n  temperature increase of 50 OF (10 OC) f o r  a 
550 OF (290 OC) i r r a d i a t i o n  t o  t h e  same neutron exposure. 

Another quadrant,  which was exposed t o  approximately 1 x 1 0  19 
neutrons/cm2, has recen t ly  been di.scharged from t h e  same pos i t ion  i n  
t h e  G-7 loop and w i l l  be t e s t e d  when avai lable .  The r e s u l t s  of  these  
forthcoming t e s t s  w i l l  allow t h e  determination of t h e  exposure de- 
pendence of both K I ~  and KIa. 

The decrease i n  f r a c t u r e  toughness of annealed Zircaloy-2 a f t e r  
an exposure of f i v e  cycles (2820 h r )  i n  t h e  ex-reactor hot water loop,  
which was described i n  t h e  May repor t ,  has been found t o  be due t o  
hydrogen pickup from t h e  water. Results of a recent  fusion ana lys i s  
indica ted  t h a t  t h e  hydrogen content of t h e  specimens had increased from 
approximately 10  ppm res idua l  hydrogen t o  20 ppm. The hydrogen i n  solu- 
t i o n  a t  280 O C  i n  t h e  ex-reactor loop specimens would appear a s  hydride 
p l a t e l e t s  of ZrH2 a t  room temperature and would cause a l a rge  reduction 
i n  t h e  f r a c t u r e  toughness. 

For t h e  purpose of measuring t h e  instantaneous posi t ion  of a 
moving crack t i p ,  a device has recen t ly  been developed by t h e  Elec- 
t r o n i c  Measurement Research Unit of Pac i f i c  Northwest Laboratory. 
Bseica l ly ,  t h e  instrument is  an eddy current  device which employs a 
very high operat ing frequency (20 MHZ) t o  provide t h e  necessary band 
width. The probe i s  a f l a t  c o i l  mounted i n  p l a s t i c  which i n  tu rn  i s  
t i g h t l y  taped i n t o  pos i t ion  i n t o  t h e  s ide  groove of DCB specimens. 
The a c t i v e  length of t h e  c o i l  is  0.4 inch. A s  t h e  crack t i p  moves 
pas t  t h e  c o i l ,  t h e  impedance of t h e  c o i l  changes l i n e a r l y  with crack 
t i p  poeit ion.  By recording c o i l  impedance on an oscil loecope screen 
while t h e  crack i s  moving i n  an unstable and rapid  manner, it i s  pos- 
s i b l e  t o  determine t h e  instantaneous crack veloci ty .  Because of  t h e  
high operat ing frequency, t h e  eddy current  which is  induced i n  t h e  
metal below t h e  probe extends only a few thousandths of an inch i n t o  
t h e  metal. Thus, t h e  crack ve loc i ty  t h a t  i s  measured i s  t h a t  a t  t h e  
very surface  of t h e  metal.  I n  opera t ion,  t h e  e f f e c t  of small changes 
i n  coil-to-metal spacing i s  compensated and t h e  instrument i s  then 





ca l ib ra ted  by measuring t he  probe impedance a s  a function of posi t ion 
with respect  t o  a machine s l o t  i n  a DCB specimen. 

A t yp i ca l  oscil loscope record of a cracking event indicates  
mean crack ve loc i t i e s  of about 110 fee t / sec  a t  room temperature f o r  
7075-~6 aluminum, although instantaneous ve loc i t i e s  a s  high a s  750 ft/ 
sec have occurred. One i n t e r e s t i ng  feature  of these  r e s u l t s  i s  t h e  
presence of t he  sharp spikes which have t h e  appearance of a sudden and 
rapid  increase i n  crack length followed by a rapid  decrease o r  closing 
of t h e  crack. These spikes  have been found t o  occur i n  a l l  t h e  records 
which have so f a r  been obtained. It i s  s ign i f i can t  t h a t  t h e  f i r s t  
spike usually occurs a f t e r  an elapsed time of about 35 p sec ,  which 
corresponds t o  the  time of t r averse  of a longi tudinal  shock wave from 
t h e  crack t i p  t o  t he  end of t h e  specimen plus i t s  re tu rn  t o  t he  crack . 

t i p .  A s  t h e  s t r e s s e s  associated with a longi tudinal  wave generated 
by t h e  sudden propagation of a crack a r e  smaller behind t h e  wave than 
i n  f ron t  of it, it w i l l  reach t he  f r e e  end of t h e  specimen a s  a com- 
pression wave and be re f lec ted  a s  a tension wave. It seems a rea- 
sonable speculat ion t h a t  t h e  re tu rn  of t h i s  tension wave t o  t h e  t i p  
of t h e  crack could cause a surge i n  t h e  crack veloci ty ,  but it i s  ye t  
d i f f i c u l t  t o  j u s t i f y  t h e  subsequent closing of t he  crack a f t e r  passage 
of t h e  tension wave. 

Although these  r e s u l t s  a r e  very preliminary, t h e  performance of 
t h e  eddy current  instrument has been encouraging. However, before 
attempting t o  determine t h e  instantaneous energy absorption r a t e  during 
a crack propagation event, a de ta i l ed  analys is  must be conducted t o  
i n t e rp r e t  t he  meaning of t h e  crack length spikes discussed above. 

Advanced Metallurgy Studies 

Fast Neutron Applications 

An analys is  has been made of t h e  combined aspects  of hydrogen 
and helium behavior i n  i ron  and nickel-base a l loys .  Two of t h e  pos- 
s i b l e  hydrogen-helium damage process in te rac t ions  t h a t  have been 
iden t i f i ed  i n  t h i s  analys is  a r e  of pa r t i cu l a r  concern, should the re  
be any tendency f o r  neutronic hydrogen t o  segregate a t ,  o r  otherwise 
i n t e r ac t  with, g ra in  boundary regions. Thus, it has been proposed 
t h a t  t h e  continuous, nonequilibrium growth of in tergranular  helium 
bubbles under t h e  influence of an applied s t r e s s  i s  an e s sen t i a l  s t ep  
i n  t h e  high temperature helium embrittlement process. The chemi- 
sorption of hydrogen on t h e  i n t e rna l  surfaces defined by these  bubbles 
can s i gn i f i c an t l y  reduce both t h e  c r i t i c a l  bubble s i z e  and t h e  c r i t i c a l  
applied stress required t o  i n i t i a t e  t h i s  unstable bubble growth be- 
havior.  A t  lower temperatures, t h e  growth of cracks formed by t h e  
coalescence of in tergranular  helium bubbles can be enhanced by t h e  
embri t t l ing ac t ion  of hydrogen, and appreciably so  f o r  mar tensi t ic  
and f e r r i t i c  mater ia ls .  

The general  approach and spec i f i c  experimental procedures re-  
quired t o  inves t iga te  t h e  in tergranular  behavior of hydrogen i n  f a s t  
r eac to r  a l loys  have been developed, and preliminary s tud ies  w i l l  begin 





a s  soon as t h e  permeation appara tus  becomes ope ra t iona l .  The e f f e c t  
of  g r a i n  boundary p r e c i p i t a t e s  and r e l a t e d  v a r i a t i o n s  i n  in te rgranu-  
lar  composition on t h e  apparent  d i f f u s i v i t y  o f  hydrogen w i l l  be 
eva lua ted  using s t eady- s t a t e  permeation methods, while dynamic per- 
meation techniques  w i l l  be used t o  d e t e c t  poss ib l e  temperature- 
dependent hydrogen-carbide i n t e r a c t i o n s .  P a r t i c u l a r  a t t e n t i o n  w i l l  
be given t o  t h o s e  a u s t e n i t i c  m a t e r i a l s  whose i n t e r g r a n u l a r  reg ions  
can,  f o r  c e r t a i n  s e r v i c e  cond i t i ons ,  become dep le t ed  i n  e s s e n t i a l  
a u s t e n i t e - s t a b i l i z i n g  elements and t ransform t o  t h e  hydrogen-sensi t ive 
m a r t e n s i t i c  phase. 

ATR GAS LOOP OPERATION AND MAINTENANCE (G . A. Last  ) 

ATR Gas Loop Support 

Model Gas Loop 

.The t h r e e - s h i f t  f ive-day per  week ope ra t ing  schedule f o r  t h e  model 
gas  loop has cont inued t h e  p a s t  month. The ex tens ive  t e s t i n g  o f  t h e  
model h e a t e r  i s  being done t o  determine whether o r  no t  t h e  design 
parameters used on t h e  ATR h e a t e r  w i l l  meet t h e  s t r i n g e n t  ATR Gas Loop 
requirements.  The t e s t i n g  program f o r  t h e  model hea t e r  i nc ludes :  

1. Operation at  va r ious  flows and temperatures  t o  determine 
t h e  h e a t e r ' s  p re s su re  drop and hea t  t r a n s f e r  c h a r a c t e r i s t i c s .  
A t  s e v e r a l  flow l e v e l s  var ious  power r a t i o s  between t h e  
nichrome and molybdenum hea te r  s e c t i o n s  w i l l  be run while  
main ta in ing  a cons t an t  o u t l e t  temperature.  

2. S tep  power s e t t i n g s  t o  determine t h e  s h o r t  t ime 
t r a n s i e n t  c h a r a c t e r i s t i c s  o f  t h e  h e a t e r .  

3 .  Thermal cyc l ing  t o  i n s u r e  t h e  s t r u c t u r a l  i n t e g r i t y  
during s t a r t u p  and shutdown. 

4. Shutdown cyc le s  which a r e  equal  t o  o r  surpass  t h e  
most severe  temperature shocks a n t i c i p a t e d  during 
ATR loop  ope ra t ion ,  such a s  r e a c t o r  scram, l o s s  of  
a l l  power, e t c .  

5. Extensive ope ra t ion  a t  'maximum temperature t o  i n su re  
long term r e l i a b i l i t y .  

The model h e a t e r  has  been operated f o r  a t o t a l  of 683 hours with 
21 thermal  cyc l e s  between room temperature and va r ious  h e a t e r  o u t l e t  
temperatures .  T'ne h e a t e r  has  ope ra t ed  about 60% of  t h e  t ime at  an o u t l e t  
temperature of 2100 OF. 

Minor changes were made t o  improve t h e  loop  opera t ion .  The dua l  
gas  cleanup system w a s  i n s t a l l e d  and i s  ope ra t ing  very s a t i s f a c t o r i l y .  
With t h i s  system one bank can be i n  opera t ion  while  t h e  second i s  being 
regenera ted .  A r egene ra t ive  hea t  exchanger i n s t a l l e d  i n  t h i s  system 
has reduced our  l i q u i d  n i t rogen  use  r a t e  by 50%. The h o r i z o n t a l  t e s t  





s e c t i o n  was opened t h i s  month, and it was found t h a t  thermal  ex- 
pansion had caused deformation of t h e  inne r  l i n e r  a t  a complex "T" 
j o i n t .  The inne r  l i n e r  was removed and replaced with a new s e c t i o n  
which allows g r e a t e r  expansion without deformation. A minor r e -  
design was made t o  provide improved alignment of t h e  l i n e r s  f o r  
b e t t e r  gas passage and f o r  easy i n s e r t i o n  o f  t e s t  specimens. The 
flow ins t rumenta t ion  was r e c a l i b r a t e d  during t h e  same outage. 

A r a p i d  temperature cool-down t e s t  was made from 2100 OF by 
tu rn ing  o f f  t h e  h e a t e r  power but leaving  t h e  compressor i n  opera t ion .  
The cool-down r a t e  f o r  t h e  f i r s t  f i v e  minutes of  t h i s  t e s t  was about 
510 OF f o r  t h e  o u t l e t  gas ;  t h e  second f i v e  minutes an a d d i t i o n a l  200'; 
t h e  t h i r d  f i v e  minutes 150'. A t  t h e  end of one hour t h e  o u t l e t  tem- 
pe ra tu re  was down t o  675 OF. 

A second type  cool-down t e s t  was made by tu rn ing  o f f  t h e  hea te r  
and t h e . c i r c u l a t o r .  This would s imulate  a t o t a l  power f a i l u r e .  The 
h e a t e r  o u t l e t  gas decreased a t  t h e  same r a t e  a s  above, but t h e  ceramic 
temperature cooled down at  about one-half r a t e  observed when j u s t  t h e  
h e a t e r  was turned  o f f .  Several  more of t h e s e  t e s t s  a r e  planned during 
t h i s  po r t ion  of  t h e  program. 

ATR Gas Loop Heater 

The ATR gas loop hea te r  i s  being designed t o  heat  helium flowing 
at  a r a t e  of 4140 l b / h r  t o  a temperature of 2100 OF (1150 O C ) .  The 
hea t ing  i s  accomplished i n  two s t a g e s  with e l e c t r i c  r e s i s t a n c e  heat ing 
elements.  The gas f i r s t  passes through an annular  r i n g  of  n icke l -  
chromium tubes ,  makes a 180' t u r n ,  and then  passes through a c e n t e r  
core o f  molybdenum tubes.  Both tube  banks a r e  supported with aluminum 
oxide ceramic. The h e a t e r  i n t e r n a l s  a r e  in su la t ed  from t h e  hea te r  
s h e l l  with m e t a l l i c  f o i l  i n s u l a t i o n .  

The performance of t h e  ATR gas  loop i s  being simulated with an 
analog computer by an o f f s i t e  group. Various cons tan t s ,  which a r e  
necessary f o r  t h i s  a n a l y s i s ,  have been ca l cu la t ed  f o r  t h e  h e a t e r  and 
t r ansmi t t ed  t o  t h i s  group. Among t h e s e  cons tan t s  w a s  t h e  thermal  
response time of t h e  thermocouple wells .  A t r a n s i e n t  heat t r a n s f e r  
program, Tiger  V ,  was used t o  ob ta in  t h e  time cons tant .  Resul ts  were 
obtained f o r  both high and low gas  flow r a t e s .  

Model Gas Loop Heater 

Met al lography of  Molybdenum Heat ing  Elements 

N e t a l l o g r a ~ h i c  a n a l y s i s  of  specimens from t h e  extreme ends of 
t h e  molybdenum heat ing elements has been i n i t i a t e d .  I11 c u t t i n g  samples 
from t h e  elements,  it was q u i t e  apparent t h a t  ma te r i a l  from t h e  o u t l e t  
end of t h e  h e a t e r  i s  more b r i t t l e  than  m a t e r i a l  from t h e  i n l e t  end. I n  
sec t ioning  a s tandard  element ( e x t r a  m a t e r i a l  which was not p a r t  of  t h e  
ope ra t iona l  h e a t e r ) ,  t h e  weld and weld-affected zones around t h e  f i n -  
connector j o i n t s  exh ib i t ed  b r i t t l e  behavior with ex tens ive  cracking.  
Mater ia l  away from t h e  weld zones could be r e a d i l y  sheared without any 
v i s i b l e  evidence o f  cracking.  





Samples from a s e p a r a t e  l o t  of molybdenum shee t  ( t h i cknes s  
comparable t o  t h a t  of  hea t  element m a t e r i a l )  have been t e n s i l e  t e s t e d  
a t  room temperature  and a t  approximately 2500 OF. The g r ipp ing  em- 
ployed f o r  t h e  shee t  specimens performed s a t i s f a c t o r i l y  a t  both 
temperatures .  The t e n s i l e  machine has  been c a l i b r a t e d  t o  o b t a i n  cor- 
r e c t i o n s  f o r  t h e  f o r c e  exer ted  by t h e  vacuum chamber bellows on t h e  
l oad  c e l l  and f o r  t h e  s p r i n g  cons tan t  o f  t h e  bel lows.  The f i r s t  
e f f e c t  can be r e a d i l y  sub t r ac t ed  o u t ,  while t h e  second e f f e c t  was t o o  
smal l  t o  be measurable.  Hence, t h e  equipment i s  capable  of  g iv ing  
good r e s u l t s ,  even a t  t h e  smal l  l oads  a n t i c i p a t e d  f o r  t h e s e  specimens 
a t  high tempera tures .  

Gas-Cooled Loop Vendor Data Review 

ATR Gas Loop c o n t r a c t  submi t t a l s  through number 4219 have been 
reviewed and comments t r a n s m i t t e d  t o  Ebasco Se rv i ce s .  Major equipment 
cove red . in  t h i s  per iod  inc ludes  p u r i f i c a t i o n  system, handl ing cask ,  and 
t r a n s f e r  f a c i l i t y  ins t ruments .  A major submi t t a l  on t h e  main instrument  
pane l  i s  p r e s e n t l y  being processed.  A review o f  Ebasco's markup o f  
c i r c u l a t o r  c o n t r o l  c i r c u i t  d a t a  was made and comments submit ted.  

Meetings and In spec t ions  - 
General E l e c t r i c  performed a demonstration o f  t h e i r  bear ing  

s imula tor  ope ra t i on  on June 2 ,  1966. The s imu la to r  was opera ted  up t o  
23,400 rpm and cyc led  through two dry  s t a r t s  and s tops .  P r i o r  t o  t h e  
demonstrat ion,  more t han  100 succes s fu l  d ry  s t a r t / s t o p s  had been per -  
formed by General E l e c t r i c .  

Sh ie ld ing  Ma te r i a l  Compat ib i l i ty  S tud ie s  

I ron  b a l l s  o f  mixed s i z e s  t o  g i v e  maximum packing dens i ty  a r e  
proposed a s  t h e  s h i e l d i n g  m a t e r i a l  f o r  t h e  primary ATR gas  loop f i l t e r .  
A l t e rna t e  m a t e r i a l  choices  a r e  t h e  oxides  of  l e a d  ( P ~ o ) ,  tungs ten  ( w o ~ ) ,  
o r  uranium (U03 o r  ~ 3 0 8 1 .  The s h i e l d i n g  m a t e r i a l  may see  a temperature  
a s  high a s  800 O C ;  however, i n s u l a t i o n  could decrease  t h i s  temperature  
cons iderab ly .  It i s  of  i n t e r e s t  t o  p r e d i c t  t h e  behavior  of t h e  
s h i e l d i n g  m a t e r i a l  and a s s o c i a t e d  s t r u c t u r a l  m a t e r i a l s  a t  temperatures  
approaching 800 O C .  

Represen ta t ive  samples of  t h e  i r o n  b a l l s  were exposed t o  t h r e e  
cond i t i ons  nea r  800 O C :  h igh vacuum, flowing grade A helium and a i r  
at atmospheric p re s su re .  Light s i n t e r i n g  of t h e  b a l l s  took  p l ace  a f t e r  
a four-hour exposure t o  high vacuum a t  780 O C .  The b a l l  compact was 
e a s i l y  broken a p a r t ,  and t h e  b a l l s  showed no v i s u a l  s i gn  of deformation. 
Af t e r  exposure t o  flowing helium a t  800 O C  f o r  f o u r  hours (minimal oxi-  
d i z i n g  c o n d i t i o n s ) ,  t h e  b a l l s  showed a s l i g h t  t a r n i s h  f i l m  and were not  
s tuck  t o g e t h e r .  I n  a i r  a t  800 O C  and a l s o  exposed fou r  hours ,  t h e  b a l l s  
were aga in  i n  a s i n t e r e d  compact. Gross ox ida t ion  occur red  and 
apparen t ly  a ided  i n  t h e  s i n t e r i n g  process .  The k i n e t i c s  of  s i n t e r i n g  
would probably be i nc reased  by i n c r e a s i n e  t h e  weiqht o f  t h e  b a l l  mass. 





Gas Chromatograph - Total  Impurity Analyzer 

The BNW gas chromatograph was developed f u r t h e r  i n t o  an auto- 
matic model t h a t  performed high s e n s i t i v i t y  gas analyses on t h e  model 
gas loop. Impurity detec t ion l i m i t s  were cons i s t en t ly  below 1 ppm, 
and t h e  u n i t  continued t o  operate r e l i a b l y  during t h e  l a s t  nine 
months of t h e  f i s c a l  year with e s s e n t i a l l y  no maintenance. 

The novel f ea tu res  of t h e  BNW instrument were b u i l t  i n t o  an 
i n d u s t r i a l  process chromatograph by Greenbriar Instruments. The 
Greenbriar Chromatograph and a modified version f o r  t o t a l  impurity 
analys is  were del ivered t o  BNW i n  June f o r  f u r t h e r  t e s t i n g  on t h e  
model bop p r i o r  t o  i n s t a l l a t i o n  on t h e  ATR Gas Loop. Tests  a t  t h e  
Greenbriar p lant  confirmed t h e  s e n s i t i v i t y  fac to r s  obtained a t  BNW. 
It now appears a commercial market i s  developing f o r  t h e  i n d u s t r i a l  
chromatograph b u i l t  by Greenbriar.  

I r r a d i a t i o n  of  Thorium-Uranium Fuel Elements 

Three tubu la r  Zircaloy-2 c lad  thorium 2.5 wt% uranium, 1 .0  w t %  
zirconium f u e l  elements a r e  being i r r a d i a t e d  t h i s  cycle i n  the  ETR P-7 
loop. The highest  exposure f u e l  element i s  current ly  operat ing a t  a 
maximum core temperature of  465 O C  and a t  t h e  end of the  current  cycle 
w i l l  have accumulated approximately 14,500 MWd/ton . The element 
showed a f u e l  volume increase  of 2.3% a t  t h e  end of the  l a s t  cycle .  
This volume increase  i s  s l i g h t l y  g rea te r  than t h a t  required t o  accom- 
modate t h e  s o l i d  f i s s i o n  product atoms. 

One element, d iver ted  from t h e  i r r a d i a t i o n  t e s t i n g ,  was re-  
turned t o  t h e  Pac i f i c  Northwest Laboratory and was defect  t e s t e d  i n  
a high temperature, high pressure ,  water loop (IRP F a c i l i t y  of 
Corrosion and Coolant chemistry) .  Examination of t h i s  element a f t e r  
removal from t h e  IRP loop i s  continuing i n  Radiometallurgy. 

High Exposure Uranium I r r a d i a t i o n  Test 

Results  from t h e  i r r a d i a t i o n  of uranium meta l l i c  f u e l  t o  date  
have demonstrated t h a t  swelling of t h e  uranium places r e s t r i c t i v e  
l i m i t s  on t h e  temperature and burnup t h a t  can be achieved i n  a r eac to r  
f u e l  element. I r r a d i a t i o n  s tud ies  have shown t h a t  uranium swelling 
can be reduced s i g n i f i c a n t l y  by appropriate a l loying of t h e  uranium 
and by ex te rna l  r e s t r a i n t .  It has a l s o  been observed t h a t  under ir- 
rad ia t ion  uranium takes  on p l a s t i c  c h a r a c t e r i s t i c s  such t h a t  it flows 
under small applied loads.  

A f u e l  element i r r a d i a t i o n  t e s t  i s  being designed which capi- 
t a l i z e s  on these  known c h a r a c t e r i s t i c s .  The t e s t  f u e l  specimens w i l l  
be designed t o  operate successful ly  a t  high temperatures t o  burnup 
g r e a t e r  than 10,000 MWd/ton. The f u e l  rods w i l l  be c lad  with various 
thicknesses of Zr-2 ranging from 0.025" t o  0.050". A void of  10% o r  





more of  t h e  f u e l  volume w i l l  be provided i n  t h e  c e n t e r  of  t h e  uranium 
core .  The combined e f f e c t  of t h e  uranium p l a s t i c i t y  and t h e  r e s t r a i n t  
from t h e  c ladding  w i l l  cause t h e  uranium swel l ing  t o  be accommodated 
by t h e  c e n t r a l  ho le .  Two uranium compositions w i l l  be used i n  t h e  
test--U + 350 ppm Fe + 800 ppm A 1  and U + 150 ppm Fe + 100 ppm S i .  
Primary ex t ru s ion  of  t h e  a l l o y  b i l l e t s  has  been completed. The ex t ru-  
s i o n  cond i t i ons  a r e :  

Extrusion 
Alloy Die Prehea t  Reduct ion  

#1 350 Fe-800 Al 2.210 3 h r ,  620°c 3 . 4 : l  

#2 150 Fe-100 S i  2.250 4-1/2 hr,  620°c 3.3 :1 

Coextrusion components were designed and f a b r i c a t e d  and assembly 
of t h e  coext rus ion  b i l l e t s  has been completed. I r r a d i a t i o n  i s  planned 
t o  begin i n  t h e  ETR-M3 water loop  by August 1 5 ,  1966, and an exposure 
of  1 0 ~ 0 0  MWd/ton. i s  expected by August 1 5 ,  1967,  on t h e  h ighe r  power 
gene ra t i ng  specimen. 

Chemonuclear Fuel  Development 

Vacuum evapora t ions  of  plat inum, pal ladium, and uranium have been 
proceeding t o  eva lua t e  t h e  e f f e c t s  o f  t empera tures ,  power l e v e l s ,  bakeout 
c y c l e s ,  s u b s t r a t e  speeds,  and depos i t i on  r a t e s  on t h e  coa t ings  of  sample 
rods .  Nearly a l l  parameters  f o r  optimum p l a t i n g  cyc l e s  have been de t e r -  
mined. The l e n g t h  of  t h e  bakeout c y c l e  r equ i r ed  has  r e s t r i c t e d  t h e  
p l a t i n g  cyc l e s  t o  one c y c l e  i n  an eight-hour  day and two cyc l e s  i n  
approximately 11 hours .  Or ig ina l  p l ans  c a l l e d  f o r  t h e  p l a t i n g  of a 
ba tch  of  rods  wi th  a l l  c o a t i n g s  i n  a s i n g l e  p l a t i n g  cyc l e .  Due t o  v a r i a -  
t i o n s  i n  depos i t i on  r a t e s  over  long cyc l e s  and t h e  c r i t i c a l  coa t ing  
th i cknes se s  r equ i r ed ,  a more t e d i o u s  method involv ing  a minimum of  f o u r  
p l a t i n g  cyc l e s  pe r  ba tch  of  rods  w i l l  be necessary  t o  ensure proper  
coa t ings  and uni formi ty .  

ENGINEERING DEVELOPMENT 

NEUTRON.FLUX MONITORS 

Regenerat ing Detec tors  

S a t i s f a c t o r  experimental  d a t a  a r e  being obta ined  wi th  t h e  two r developmental ( ~ 2 3  - ~ 2 3 5 )  r egene ra t i ng  in-core neutron f l u x  d e t e c t o r s  
i n s t a l l e d  i n  a t e s t  f a c i l i t y  o f  t h e  KW-Reactor. For t h e s e  d e t e c t o r s ,  
t h e  conta ined  ~ ~ 3 ~ ,  o r i g i n a l l y  equa l  t o  90% of  t h e  t o t a l  coa t ing  em- 
ployed,  t ransmutes ,  by thermal  neutron c a p t u r e ,  t o  f i s s i l e  u235 ; t h i s  
p rocess  s e rves  t o  r e t a i n  r e l a t i v e l y  cons t an t  d e t e c t o r  s e n s i t i v i t y  f o r  
very  long  exposures .  Review of  t h e  d a t a  ob ta ined  t o  d a t e  i n d i c a t e d  
t h a t  a  second s e r i e s  of t e s t s ,  u s ing  new chambers, would be r equ i r ed  
t o  b e t t e r  d e f i n e  t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  and t o  i n su re  t h a t  
t h e  e s t a b l i s h e d  concepts  could be e x p l o i t e d  on a commercial b a s i s .  





I n  view of t h i s  planned f u r t h e r  t e s t i n g  e f f o r t ,  s p e c i f i c a t i o n s  
were prepared and sen t  t o  r e p r e s e n t a t i v e  manufacturers  f o r  r ap id  pro- 
curement of  matched s e t s  o f  d e t e c t o r  chambers with i n t e g r a l  cab l e  
assemblies .  A l l  chambers w i l l  be phys i ca l l y  i d e n t i c a l  except  f o r  t h e  
coa t ings  employed. Standard m a n u f a c t u r i n ~  techniques  w i l l  be used i n  
a l l  cases  t o  a s s u r e  t h e  eventua l  adap ta t i on  of  t h e  r egene ra t i ng  concept 
f o r  commercial use .  Each chamber w i l l  be of  0.25-inch diameter  wi th  a 
t r i a x i a l  c ab l e  a t t a c h e d .  Two chambers w i l l  no t  employ f i s s i l e  m a t e r i a l  
coa t ing  on t h e  e l e c t r o d e s ,  two w i l l  be standard-form enr iched  u235 
coa ted  u n i t s ,  and t h r e e  w i l l  u t i l i z e  t h e  e s t a b l i s h e d  r egene ra t i ng  
coa t ing  mixture  o f  approximately 90% ~~3~ and 10% ~ ~ ~ 5 .  These de- 
t e c t o r s  w i l l  be t e s t e d  i n  t h e  l a b o r a t o r y  and t h e n  i n s e r t e d ,  as a 
compact assembly t o  a s s u r e  similar exposure,  i n t o  a s u i t a b l e  t e s t  
f a c i l i t y .  

Theo re t i ca l  cons ide ra t i ons  were cont inued regard ing  ex tens ion  
o f  t h e  r egene ra t i ng  concepts  t o  t h e  measurement o f  f a s t  neutron f l u x .  

Beta Current Generator Detec tors  

A second experimental  dual-chamber, twin-lead b e t a  c u r r e n t  
gene ra to r  d e t e c t o r  assembly was f a b r i c a t e d ,  where one chamber u se s  
boron-11 and t h e  o t h e r  con ta in s  carbon,  on an electron-balanced b a s i s .  
This  twin  method, which demonstrated promise f o r  t h e  f i r s t  exper i -  
mental  assembly, i s  an improved approach which should provide nea r ly  
equa l  gamma response wi th  each chamber. Thus, s u b t r a c t i o n  of  t h e  
genera ted  e l e c t r i c a l  c u r r e n t s  i s  expected t o  y i e l d  a n e t  c u r r e n t  t h a t  
i s  d i r e c t l y  r e l a t e d  t o  t h e  in-core neutron f l u x ,  where t h e  neutron 
flux-caused cu r r en t  i s  genera ted  dur ing  decay of  B12 ( c r e a t e d  by 
thermal  neutron c a p t u r e  i n  t h e  ~11) t o  ~ 1 2  wi th  emission of  13.4 MeV 
b e t a s  wi th  a h a l f - l i f e  of  about,  20 mi l l i s econds .  

A f t e r  l a b o r a t o r y  t e s t s  and high l e v e l  co60 gamma t e s t s ,  t o  
about 5 x l o 6  R/hr,  a r e  completed, t h e  assembly w i l l  be i n s e r t e d  i n t o  
a r e a c t o r  t e s t  f a c i l i t y - f o r  in-core experimentat ion.  Although t h e  
low thermal  neutron c r o s s  s e c t i o n  of  boron-11 (about 5 m i l l i b a r n s )  
provides  t h e  gene ra t i on  of  e l e c t r i c a l  cu r r en t  i n  t h e  range of  only 
about one nanoampere pe r  101311 sec-1, t h i s  c r o s s  s e c t i o n  i n s u r e s  
an extremely cons t an t  s e n s i t i v i t y  dur ing  in-core exposure.  This  
cons t an t  s e n s i t i v i t y ,  coupled with t h e  f a s t  response t i m e  i nhe ren t  i n  
t h e  20 mi l l i s econd  h a l f - l i f e  of  B12 ,  can conceivably provide  a u s e f u l  
in-core neut ron  f l u x  d e t e c t o r ,  worthy of commercial e x p l o i t a t i o n ,  
without  t h e  need f o r  computer response-adjustment programs. I n  addi-  
t i o n  t o  t h e  desc r ibed  thermal  f l u x  s t u d i e s ,  t h e o r e t i c a l  cons ide ra t i ons  
were pursued regard ing  t h e  ex t ens ion  o f  t h e  b e t a  c u r r e n t  gene ra to r  
concepts  t o  f a s t  f l u x  measurements; c and ida t e  i so topes  a r e  being 
explored.  

Microwave Detec tors  

D i f f i c u l t i e s  a r e  s t i l l  being encountered i n  t h e  development of 
a s a t i s f a c t o r y  s e a l i n g  technique  f o r  u se  with t h e  in-core microwave 
resonant  c a v i t i e s .  An app rop r i a t e  s e a l  w i l l  permit  e l imina t ion  o f  





t h e  i n t e r n a l  qua r t z  capsu le ,  now used t o  con ta in  t h e  gas  samples. 
Considerable  improvement of  system s e n s i t i v i t y  f o r  in-core neutron 
f l u x  measurement, where microwave phase s h i f t  t echniques  a r e  u t i l i z e d ,  
would t hen  be expected on t h e  b a s i s  of  t e s t s  t o  da t e .  Alumina sea l ed  
waveguides a r e  being procured,  and so ldered  g l a s s  s e a l s  a r e  be inc  
i n v e s t i g a t e d ,  t o  a i d  i n  ach iev ing  t h e  d e s i r e d  phys i ca l  assembly. 

MICROWAVE AND INFRARED DETECTION OF COOLANT IMPURITIES AND MEASURE- 
MENT OF IN-REACTOR TEMPERATURES ( G .  C.  ~ u l l m e r )  

Microwave Techniques 

Fur ther  t e s t s  u t i l i z i n g  microwave frequency s h i f t  methods demon- 
s t r a t e d  modest f u r t h e r  s t a b i l i t y  improvement f o r  moisture-in-gas d e t e c - ,  
t i o n  l e v e l s  i n  t h e  range of  700 ppm. Considerat ion of  t h e  problems 
involved i n d i c a t e s  t h a t  f u r t h e r  e l e c t r o n i c  c i r c u i t r y  s t a b i l i t y  improve- 
ments w i l l  be r e q u i r e d  be fo re  t h e  a n t i c i p a t e d  s e n s i t i v i t y  o f  about 
70 ppm can be achieved.  T h e o r e t i c a l  cons ide ra t i ons  o f  t h e  d i e l e c t r i c  
p r o p e r t i e s  of  water  and water  vapor were cont inued i n  an e f f o r t  t o  
achieve a b e t t e r  understanding of  t h e  u se fu lnes s  of  microwave techniques  
f o r  measurement of  mois ture  i n  r e a c t o r  coolan t  ga se s ,  e s p e c i a l l y  a t  t h e  
e l eva t ed  temperatures  expected i n  t h e  planned a p p l i c a t i o n s .  

I n f r a r e d  Techniques 

S a t i s f a c t o r y  ope ra t i on  is  being achieved with t h e  r o t a t i n g  
f i l t e r  wheel mechanism, developed f o r  use  i n  t h e  absorp t ion  hygrometer. 
Prev ious ly ,  a t tempts  had been made t o  employ s i n g l e  l a y e r  germanium 
f i l t e r  f i l m s  with o p t i c a l  t h i cknes se s  equa l  t o  1 . 5  t imes  t h e  c e n t r a l  
wavelengths of t h e  p a r t i c u l a r  i n f r a r e d  passbands of  i n t e r e s t .  Although 
some water  vapor s e n s i t i v i t y  was no ted ,  t h e  passbands proved t o  be ex- 
c e s s i v e l y  broad. The new r o t a t i n g  f i l t e r s  were made by depos i t i ng  a 
m u l t i l a y e r  d i e l e c t r i c  coa t ing  of  t h e  form HLHHLH on a g l a s s  s u b s t r a t e ,  
where H r e p r e s e n t s  a quarter-wave o p t i c a l  t h i cknes s  germanium and L 
r e p r e s e n t s  t h e  same o p t i c a l  t h i c k n e s s  of s i l i c o n  d ioxide .  Two oppos i te  
quadran ts  on t h e  f i l t e r  wheel have a passband peaking a t  2.65 microns 
with a width at  half-maximum t r ansmis s ion  of  0.05 micron. The peak 
t ransmiss ion  i s  85% and co inc ides  wi th  a s p e c i f i c  water  absorp t ion  band. 
The o t h e r  two opposing quadrants  o f  t h e  assembly peak a t  2.42 microns,  
with o t h e r  c h a r a c t e r i s t i c s  very  similar t o  t hose  of  t h e  2.65-micron 
quadrants .  S ince  no water vapor absorp t ion  occurs  at t h e  2.42-micron 
wavelength, t h i s  passband i s  used t o  gene ra t e  a r e f e r ence  s i g n a l  a g a i n s t  
which t h e  s i g n a l  at  2.65 microns may be compared. 

I n  f u r t h e r  development on t h e  f i l t e r  assembly, a compensating 
wedge f i l t e r ,  which i s  d r iven  by a servo  motor and d i sc r imina t e s  aga ins t  
one of  t h e  two (2.42- o r  2.65-micron) passbands, was a l s o  f a b r i c a t e d .  
This  f i l t e r  i s  made i n  t h e  form HLHLH with o p t i c a l  t h i cknes s  varying 
ac ros s  t h e  u n i t .  F i l t e r s  with d e s i r a b l e  f e a t u r e s  have been produced; 
however, f u r t h e r  improvements i n  s e n s i t i v i t y  can be a n t i c i p a t e d  with 
r e v i s i o n  of  t h e  f i l t e r  des ign  o r  change i n  t y p e  of  d e t e c t o r .  





PLUTONIUM RECYCLE PROGRAM ( F .  G.  ~ a w s o n )  

FUELS DEVELOPMENT 

PRTR Fuel  Element Performance 

Beta-gamma and alpha-autoradiographs of a l o n g i t u d i n a l  s e c t i o n  
of  t h e  bottom end r eg ion  o f  rod FB-06 from FE-6504 i n d i c a t e d  h ighe r  
a c t i v i t i e s  i n  t h e  once-molten f u e l  reg ion  of  t h e  U02 - 1 w t $  Pu02 
graded enrichment zone t h a n  i n  t h e  surrounding nonmolten f u e l .  

Examination of t h e  beta-gamma autoradiograph revea led  t h a t  
t h e  c e n t r a l l y  l o c a t e d  dark reg ion  on t h e  autoradiograph co inc ides  
with t h e  we l l  def ined  c e l l u l a r  o r  as-cast-appearing s t r u c t u r e  out-  
l i n i n g  t h e  once-molten f u e l  reg ion  on t h e  photomosaic. 

The boundary of t h e  c e n t r a l l y  l o c a t e d  dark reg ion  on t h e  alpha- 
au torad iograph ,  which chemical a n a l y s i s  showed t o  con ta in  4 w t %  Pu02, 
i s  more d i f f u s e  and l i e s  beyond t h e  we l l  def ined  c e l l u l a r  reg ion  on 
t h e  photomosaic. These comparisons i n d i c a t e  t h a t  plutonium d i f f u s e d  
i n t o  t h e  U02 - 1 wt% Pu02 f u e l  reg ion  beyond t h e  l i q u i d - s o l i d  i n t e r f a c e  
and t h a t  t h e  c e n t r a l l y  l o c a t e d  dark reg ion  on beta-gamma autorad io-  
graphs probably d e f i n e s  t h e  e x t e n t  o f  t h e  molten f u e l  reg ion  at  t h e  
t ime  o f  shutdown. 

Plutonium Charac t e r i za t i on  S tud ie s  

Gamma energy s p e c t r a  above 50 KeV have been obta ined  from t h e  
t h r e e  Shippingport  f u e l  elements u t i l i z i n g  a l i t h ium-dr i f t ed  germanium 
d e t e c t o r  system. Determination of  t h e  s p e c t r a  below 50 KeV w i l l  be 
made upon r e c e i p t  o f  a s i l i c o n - d r i f t e d  germanium d e t e c t o r .  No s i g n i f i -  
can t  q u a n t i t i e s  of  photo peaks have appeared above 400 KeV with t h e  
except ion of  cs137 a t  662 KeV, i n d i c a t i n g  t h a t  f i s s i o n  product  car ry-  
over  w i l l  no t  cause excess ive  i n t e r f e r e n c e .  

Ten ta t i ve  i d e n t i f i c a t i o n  o f  t h e  i s o t o p e s  p re sen t  has been made 
u t i l i z i n g  t h e  e x i s t i n g  s ectrograms. Those i so topes  p re sen t  are ~ ~ ~ 7 ,  
~rn241, and Pu238 t h r u  Z 4 8 .  Gamma spectroscopy i s  not  a p o s i t i v e  
i d e n t i f i c a t i o n ,  and t h e  f i n a l  a s say  w i l l  be determined by t h e  Ana- 
l y t i c a l  Chemistry Labora tor ies  o f  t h e  Chemistry Department. 

The t h r e e  plutonium samples a r e  i n  t h e  form o f  plutonium n i t r a t e  
s o l u t i o n s  which have concen t r a t i ons  vary ing  from 1 0  t o  12  grams of  
plutonium p e r  l i t e r .  Small samples were withdrawn from each o f  t h e  
s o l u t i o n s ,  d i  u t e d  and t h i s  d i l u t i o n  used t o  make sources  o f  approxi- 
mately 5 x 10t dpm o f  plutonium a c t i v i t y .  Spectrograms of  t h e s e  
sources  w i l l  be ob ta ined  and, u t i l i z i n g  t h e  f i n a l  a s say  d a t a ,  r e l a -  
t i v e  y i e l d s  o f  t h e  i n d i v i d u a l  photo peaks w i l l  be determined. This  
technique  should e l i m i n a t e  any se l f - abso rp t ion  wi th in  t h e  source.  

The s u r f a c e  and nonsurface dose r a t e s  o f  t h e  10  t o  1 2  grams of  
Pu / l  s o l u t i o n s  w i l l  be measured. It w i l l  no t  be p o s s i b l e  t o  extrapo-  
l a t e  t h e  r e s u l t s  t o  h ighe r  concen t r a t i ons  because o f  t h e  s e l f - abso rp t ion  
t h a t  t a k e s  p l ace  w i th in  t h e s e  r e l a t i v e l y  d i l u t e  s o l u t i o n s .  O r d i n a r i l y ,  

, concen t r a t i ons  a r e  i n  t h e  range of  100 t o  400 grams of  Pu / l  o f  s o l u t i o n .  





RFSOLVED* PHOTO PEAKS OF PLUTONIUM 

SEPAWED FROM SHIPPINGPOR!T REACTOR F'UELS 

Energy, KeV 

43.8 

52 

60 

9 5 

98 

100 

Isotope 

Pu-238, PU-242 

~u-238,  ~m-241 and possibly 
cm-242 & 244 

U-237 , ~m-241 

U-237, AIU-241 

Unknown 

AIU-241 

Pu-241 

U-237 

*Resolution at 60 KeV is 2.8 KeV FWHM. 





FERTF Test Element Design 

A s p e c i a l  FERTF t e s t  element i s  being designed f o r  i r r a d i a t i o n  
experiments at rod power genera t ions  a s  g r e a t  a s  30 kw/ft during t h e  
High Power Density Program. The bas i c  design c o n s i s t s  of a basket 
assembly containing a six-rod-ring of Mark I - R  U02 - Pu02 f u e l  rods.  
A prototype s t a i n l e s s  s t e e l  basket tube  with s i x  f u l l  l eng th  spacing 
r i b s  was completed. Charge-discharge t e s t s  i n  t h e  EDEL-1 t e s t  loop 
a r e  shceduled f o r  J u l y .  The use  of boron s t a i n l e s s  s t e e l  f o r  t h e  
basket t ube ,  t o  al low higher  plutonium enrichment i n  t h e  f u e l ,  i s  
being s tudied .  

Heat Transfer  Calcula t ions  Concerning Fuel Element Basket f o r  FERTF 

Calcula t ions  were continued t o  determine temperatures  i n  t h e  
FERTF (Fuel  Element Rupture Test  F a c i l i t y )  p re s su re  tube i f  it i s  
assumed t h a t  f u e l  i s  r e l eased  from a f u e l  rod and t h a t  t h e  hot f u e l  
deforms t h e  p r o t e c t i v e  basket u n t i l  it con tac t s  t h e  pressure  tube .  
Calcula t ions  were made f o r  one new case ,  with t h e  f u e l  enclosed i n  a 
grooved basket .  More d e t a i l e d  eva lua t ions  of t h r e e  previous ly  s tud ied  
cases f o r  r ibbed  baskets  were made t o  ob ta in  s p e c i f i c  numerical d a t a .  

The c a l c u l a t i o n s  assume t h a t  a s t r i p  of f u e l  approximately 
0.5 inch t h i c k ,  0.5 inch wide, and i n d e f i n i t e l y  long i s  i n  p e r f e c t  
thermal  contac t  with t h e  basket .  The four  cases which have been 
s tudied  a r e :  

1. Fuel contac t ing  t h e  1/8 inch t h i c k  basket at a 
l o c a t i o n  where it has  no supports  between it and 
t h e  pressure  tube .  

2. Fuel contac t ing  t h e  1 / 0  inch t h i c k  basket at a 
l o c a t i o n  oppos i te  a 1/8 inch t h i c k  r i b  between 
t h e  basket and t h e  p res su re  tube .  

3. Fuel contac t ing  t h e  1/8 inch t h i c k  basket a t  a 
l o c a t i o n  oppos i te  a 1/16 inch t h i c k  r i b  between it 
and t h e  p res su re  tube.  

4. Fuel contac t ing  a basket  which i s  1 / 4  inch  t h i c k  
with 1/8 inch deep a x i a l  grooves 1/8 inch a p a r t  around 
t h e  circumference of t h e  basket .  

The c a l c u l a t i o n s  f o r  t h e  f i r s t  case  show t h a t  i f  pe r fec t  thermal 
contac t  between t h e  basket and p res su re  tube  i s  assumed, t h e  maximum 
average temperature ac ross  t h e  tube  would be about 2100 OF (1150 O C ) .  

However, more r e a l i s t i c  va lues  of t h e  thermal contac t  g ive  temperatures 
of 1200 t o  1500 OF (650 t o  815 O C ) .  A t  t h e s e  temperatures ,  a Zircaloy 
pressure  tube  would be expected t o  f a i l ;  a Has te l loy  pressure  tube 
would be expected t o  have a t ime- to- fa i lure  of s eve ra l  t o  an i n d e f i n i t e  
number of hours.  





The second case  g ives  maximum basket  temperatures  of  735 O F  

(380 OC). A t  t h i s  temperature,  e i t h e r  a Zi rca loy  o r  Has te l loy  
p re s su re  tube  would be expected t o  have an i n d e f i n i t e  l i f e .  

The t h i r d  ca se  g ives  maximum basket  temperatures  of  890 OF 
(480 O C ) .  A t  t h i s  temperature,  a Zi rca loy  p re s su re  tube  would have 
a t ime- to- fa i lure  on t h e  o rde r  of 10,000 hours and a Has te l loy  
p re s su re  t ube  would have an i n d e f i n i t e  l i f e .  

The f o u r t h  case  g ives  maximum temperatures  of  738 O F  (380 O C )  

i f  coolan t  i s  maintained i n  t h e  grooves. E i t h e r  a Has te l loy  o r  
Zi rca loy  p re s su re  tube  would be expected t o  have an i n d e f i n i t e  l i f e  
a t  t h i s  temperature.  However, i f  one o f  t h e  grooves should become 
blocked s o  t h a t  t h e  coolant  flow were stopped, t h e  p re s su re  tube  
maximum temperature would be expected t o  i nc rease  t o  1370 OF 1740 OC). 
A t  t h i s  temperature,  a Zircaloy p re s su re  tube  would be expected t o  
promptly f a i l  and a Has te l loy  p re s su re  tube  would have a t ime- to- fa i lure  
on t h e  o rde r  of  1000 hours .  

PRTR Fuel Rod P res su re  Test  

Fab r i ca t ion ,  assembly, and nondes t ruc t ive  t e s t i n g  o f  t h e  com- 
ponents f o r  t h e  f u e l  rod i n t e r n a l  gas  p re s su re  sensing t e s t  i n  PRTR 
a r e  proceeding on schedule.  The t e s t  i s  designed t o  measure t h e  opera- 
t i n g  gas  p re s su re  and temperature i n  t h e  plenum regions  of s i x  f u e l  
rods.  Three 19-rod c l u s t e r s  each conta in ing  two rods with p re s su re  
sens ing  at tachments  w i l l  be assembled t h i s  month. Two o f  t h e  elements 
con ta in  U02 - 2 wt% Pu02 f u e l  and one con ta ins  Tho2 - 5 w t %  Pu02. 

Mark I - R  Flux Wire Element Test  

A Mark I - R  high power d e n s i t y  f u e l  element wi th  an a t t ached  
f l u x  wire  s u c c e s s f u l l y  completed flow t e s t i n g  i n  t h e  EDEL-1 t e s t  loop .  
This  s p e c i a l  design,  scheduled t o  be used i n  t h e  Batch Core Experiment 
i n  t h e  PRTR, inc ludes  a s t a i n l e s s  s t e e l  c l ad  aluminum-cobalt a l l o y  
f l u x  wire  extending t h e  f u l l  l eng th  of t h e  element.  Thi r teen  circum- 
f e r e n t i a l  bands hold  and p o s i t i o n  t h e  wire  along t h e  ou t s ide  of  t h e  
f u e l  element.  Af t e r  completing fou r  weeks of  opera t ion  i n  t h e  EDEL-1 
t e s t  loop under PRTR cond i t i ons  (140 gpm coolant  flow, 1050 p s i  
p re s su re ,  and 510 OF coolant  t empera tu re ) ,  t h e  element was found i n  
p e r f e c t  condi t ion .  The design i s  now considered acceptab le  f o r  t h e  
PRTR . 
FUELS REPROCESSING DEVELOPMENT 

Optimum Reprocessing Plan t  Study 

Work on t h e  s tudy t o  d e f i n e  economically optimum reprocess ing  
p l a n t  s i z e  was cont inued.  Three d i f f e r e n t  demand p r o j e c t i o n s  have been 
defined r ep resen t ing  s i t u a t i o n s  where a reprocessor  would capture  a 
small, moderate, o r  major po r t ion  o f  t h e  t o t a l  market based on cu r ren t  
nuc lear  power growth p ro j ec t ions .  1.t i s  necessary t o  express  t h e s e  





demand p ro jec t ions  mathematically,  and seve ra l  d i f f e r e n t  equation 
forms have been t e s t e d  t o  f i n d  one t h a t  f i t s  t h e  s i t u a t i o n .  An  
expres s ion& t h e  form D = k abx was found t o  provide reasonably 
good curve f i t t i n g  and w i l l  be used. 

The method being used t o  def ine  optimum p l a n t  s i z e  involves 
a minimum cos t  ca l cu la t ion  f o r  a s p e c i f i c  s e r i e s  of  capaci ty  addi- 
t i o n s  over a spec i f i ed  per iod  of t ime and then  s e l e c t i n g  t h e  number 
of capaci ty  addi t ions  t h a t  r e s u l t  i n  t h e  lowest "present value t o t a l  
cos t . "  I n  t h e  course of t h e  c a l c u l a t i o n  t h e  s i z e  of each increment 
of  capaci ty  i s  ca l cu la t ed  with t h e  f i r s t  increment being t h e  one of 
t h e  most i n t e r e s t .  The ca l cu la t ions  r equ i re  f inding  so lu t ions  t o  a 
s 'eries of nonlinear  simultaneous equat ions with a t r ia l  and e r r o r  
procedure. Assis tance of t h e  Mathematical Analysis Sect ion of t h e  
Mathematics Department has been obtained t o  develop a computer program 
t o  so lve  t h i s  problem. The bas i c  program has been prepared using 
equat ions based on a s impl i f i ed  expression of t h e  growth r a t e  of 
nuclear  power and i s  being debugged. After  debugging, t h e  more complex 
expression f o r  t h e  growth r a t e  w i l l  be s u b s t i t u t e d .  The program should 
be ready f o r  use e a r l y  next month. 

REACTOR PHYSICS 

D20 Moderated Systems 

Photoneutron E f f e c t s  on t h e  Delayed Neutron Fract ion 

A problem i n  t h e  ca l cu la t ion  of delayed neutron f r a c t i o n s  f o r  
systems cooled o r  moderated by deuterium i s  t h e  determination of t h e  
e f f e c t  of t h e  neutrons produced by t h e  y-n r e a c t i o n  i n  deuterium. 
Gamma rays a r e  emit ted i n  t h e  decay of  f i s s i o n  products and these  
i n  t u r n ,  through t h e  y-n r e a c t i o n ,  produce delayed neutrons which 
a r e  added t o  those  produced during t h e  f i s s i o n  product decay. 

Experimental measurenents of t h e  delayed neutron f r a c t i o n s  
and inverse  l i f e t i m e s  e x i s t  f o r  a poin t  source of  f u e l  i n  an i n f i n i t e  
media of deuterium. To apply t h i s  d a t a  t o  a r e a l i s t i c  system, one 
must es t imate  t h e  e f f i c i e n c y  of t h e  system i n  producing i n  t h e  
deuterium gamma rays  with an energy above t h e  threshold  f o r  t h e  
(y-n)  r e a c t i o n  r e l a t i v e  t o  a point  source i n  an i n f i n i t e  media of 
deuterium. 

The f i r s t  known attempt t o  compute t h i s  e f f ec t iveness  i n  a 
r igorous manner with modern computers and t r a n s p o r t  theory  methods i s  
now i n  progress .  The c a l c u l a t i o n  has been completed f o r  a 2 wt% Pu02 
19-rod c l u s t e r  i n  t h e  PRTR. Resul t s  show t h a t  a deuterium cooled and 
moderated c l u s t e r  i s  28.061 a s  e f f e c t i v e  i n  producing gamma rays i n  
deuterium a s  i s  a poin t  source. I f  t h e  c l u s t e r  i s  cooled with l i g h t  
water and moderated with deuterium, t h e  c l u s t e r  i s  only 17.58% e f fec -  
t i v e  i n  producing gamma rays  with an energy l a r g e  enough f o r  t h e  
(y-n) r eac t ion .  For t h e  deuterium moderated and cooled system t h i s  
g ives  r i s e  t o  about a 5% increase  i n  t h e  e f f e c t i v e  delayed f r a c t i o n  
f o r  t h e  PRTR. Various o the r  f u e l  assemblies inc luding  a Pu-A1 19-rod 
c l u s t e r  w i l l  a l s o  be evaluated.  





Kinet ics  S tudies*  

Reactor o s c i l l a t i o n  and no i se  experiments have been conducted 
i n  t h e  Plutonium Recycle C r i t i c a l  F a c i l i t y  t o  ob ta in  t r a n s f e r  func t ion  
information under s imulated PRTR opera t ing  condi t ions .  A r o t a t i n g  
neutron poison was t h e  primary d r iv ing  func t ion  while t h e  moderator 
l e v e l  was caused t o  f l u c t u a t e  a t  a  cons tan t  frequency. Analysis of 
t h e  d a t a  i s  complete. The r a t i o  O/R of  t h e  delayed neutron f r a c t i o n  
f o r  both t h e  o s c i l l a t o r  d a t a  and noise  d a t a  was obta ined  by f i t t i n g  
t h e  a n a l y t i c  t r a n s f e r  func t ion  t o  t h e  d a t a - b y  t h e  method of  l e a s t  
squares .  The r e s u l t s  a r e  : 

Experimental Conditions 
-.. 

Rotat ing o s c i l l a t o r  without moderator 10.7 5 0.4 
l e v e l  f l u c t u a t i o n s  

Rotat ing o s c i l l a t o r  with moderator 10 .9  2 0.3 
l e v e l  f l u c t u a t i o n s  ' (  simulated PRTR) 

*Noise a n a l y s i s  without moderator 12  2 1 
l e v e l  f l u c t u a t i o n s  

Noise a n a l y s i s  with moderator 
l e v e l  f l u c t u a t i o n s  

Undeterminable 

"28 HPD elements i n s t ead  of 27 HPD p l u s  11 Pu-A1 elements a s  
f o r  t h e  o t h e r  de te rmina t ions .  

The r e s u l t s  of  t h e  o s c i l l a t o r  measurements were independent of 
whether t h e  moderator f l u c t u a t i o n s  were present  o r  not and were more 
accu ra t e  than  t h e  no i se  r e s u l t s .  Also, t h e  r e s u l t s  from both t h e  phase 
and amplitude d a t a  of t h e  o s c i l l a t i o n  experiment were i n  agreement. 
Thus, it i s  concluded t h a t  t h e  o s c i l l a t o r  method should be we l l  s u i t e d  
f o r  t r a n s f e r  func t ion  measurements i n  t h e  PRTR i n  t h e  presence of  
extraneous noise  s i g n a l s .  

HPD Core Experiment i n  t h e  PRTR 

Analysis  of experiments performed i n  t h e  Plutonium Recycle 
~ r i t  i c a l  F a c i l i t y  (PRCF) has cont inued.  A s e r i e s  of  c a l c u l a t i o n s  us ing  
computer code SWAP has been made t o  determine f u e l  element worths and 
k i n e t i c s  parameters.  Evaluat ion of t h e s e  c a l c u l a t i o n s  i s  not y e t  
complete. 

Reactor no ise  d a t a  have been obtained from t h r e e  magnetic t a p e  
record ings  us ing  t h e  10 channel no ise  ana lyzer .  One of t h e s e  recordings 
was made wi th  t h e  moderator l e v e l  o s c i l l a t i n g .  The o t h e r  two were made 
with 4.8 and 11 .0  ppm ~~0 i n  t h e  moderator.  Analysis of  t h e  d a t a  from 
t h e  two experiments with va r ious  amounts of boron i s  about 50% completed. 

*This work i s  i n  p a r t i a l  f u l f i l l m e n t  of t h e  requirements f o r  a  M.S. 
Degree from t h e  Univers i ty  of Washington. 





A paper summarizing t h e  a n a l y t i c a l  and experimental r e s u l t s  
of t h e  HPDC experiment i n  t h e  PRCF has been prepared and submitted 
f o r  p re sen ta t ion  a t  t h e  1966 Winter Meeting of t h e  American Nuclear 
Socie ty .  

New ca lcu la t ions  on t h e  Fuel Element Rupture Test F a c i l i t y  
(FERTF) have been made a t  t h e  request  of t h e   fuel^ Development Sect ion 
of  t h e  Mater ia l s  Department. These ca l cu la t ions  determined t h e  power 
genera t ion  r a t e  i n  t h e  FERTF with a Zircaloy process tube and a 
borated s t a i n l e s s  s t e e l  basket .  The problem of boron burnup was a l s o  
inves t iga t ed .  

A r e a c t o r  physics  sec t ion  f o r  t h e  FERTF Safeguards Analysis 
has been w r i t t e n  and submitted t o  t h e  Nuclear Safeguards and Engi- 
neering Sect ion  of t h e  Environmental Health and Engineering Department. 
This s ec t ion  was based on a n a l y t i c a l  r e s u l t s ,  i n  conjunction with PRCF 
experiments. 

Work has continued i n  t h e  planning of t e s t s  i n  t h e  PRTR. 
De ta i l s  of l u t e t ium and gold f o i l  i r r a d i a t i o n s  have been planned. 
The scope of t h e  approach t o  power experiments has a l s o  been es tab-  
l i s h e d .  

Calcula t ions  have been begun t o  der ive  r e a c t i v i t y  vs  per iod  
curves f o r  t h e  High Power Density Core (HPDC) i n  t h e  PRTR. These 
curves a r e  being ca l cu la t ed  a s  a funct ion  of boron concentrat ion i n  
t h e  moderator. 

Boron Concentration Measurements 

Determination of B~~ content  of so lu t ions  of  bor ic  a c i d  i n  D20 
has begun i n  t h e  Thermal Test Reactor.  The r e a c t i v i t y  of s tandard 
so lu t ions  of known concentrat ion has been measured t o  obta in  a graph 
of r e a c t i v i t y  worth versus  boron concentrat ion.  These s tandard samples 
va r i ed  from 1 ppm t o  25-ppm ~ 1 0 .  The d a t a  w i l l  be used t o  determine 
t h e  boron concentrat ion of t h e  samples t h a t  were taken during t h e  HPDC 
experiments i n  t h e  PRCF and t h e  samples t o  be taken during t h e  PRTR 
opera t ion  with t h e  HPD core.  

PRCF ,Operation 

A d e s c r i p t i o n o f  t h e  experimental program planned f o r  PRCF with 
a l i g h t  water moderated, 2% Pu02 - U02 core  was prepared and forwarded 
t o  t h e  Commission. Safeguards review of t h e  experiments showed no 
need f o r  a supplement t o  t h e  Safeguards Analysis Report nor f o r  r e -  
v i s ions  t o  t h e  opera t ing  s p e c i f i c a t i o n s .  

The D20 t o  Hz0 conversion was success fu l ly  completed i n  1 7  
opera t ing  days. The present  core  arrangement i s  f o r  1/2" x 36" long 
f u e l  i n  a 0.85" p i t c h .  Two s e r i e s  of experime t s  using 2 wt% Pu mixed 
oxide f u e l  were performed: (1) uniform 8% P U ~ ~ O ,  and ( 2 )  8% pua40 i n  
t h e  inne r  zone and 24% ~u~~~ on t h e  ou t s ide .  Load t o  c r i t i c a l ,  rod 
worths,  moderator l e v e l  worths,  and f l u x  t r a v e r s e s  were conducted f o r  
each loading.  A uniform 24% I?uZ40 load t o  c r i t i c a l  i s  p re sen t ly  under 
way. 





The gamma scanner has been i n s t a l l e d  i n  t h e  PRCF shop a rea .  
Scanning of a  t y p i c a l  PRCF i r r a d i a t e d  f u e l  element revealed i n s u f f i -  
c i e n t  counting r a t e s  and an inadequacy i n  t h e  c r y s t a l  sh i e ld ing .  
The s l i t  s i z e  and col l imator  l eng th  a r e  being inves t iga t ed  t o  ob ta in  
optimum counting s t a t i s t i c s  during t r a v e r s e s .  

CAF Operat ion 

Several  s e r i e s  of approach t o  c r i t i c a l  measurements were com- 
p l e t e d  f o r  t h e  Phoenix f u e l  experiment. The assemblies cons i s t ed  of 
19  f u e l  elements containing 108 grams, 124 grams, and 151 grams of  Pu 
per  element. The elements a r e  being loaded t o  175 grams of  Pu. The 
elements c o n s i s t  of repea t ing  c e l l s  with each c e l l  containing 2-1/96" 
diameter x 0.020" Pu-Al d i s k s ,  2  Al d isks  and 0.120" of polyethylene. 

Code Develo~ment * 

Computer Program RE,TREV 

The computer program RETREV i s  used t o  r e t r i e v e  neutron c r o s s  
sec t ions  and a s soc ia t ed  d a t a  from Brookhaven's SCISRS l i b r a r y  t a p e .  
SCISRS i s  described i n  BNL-883, and t h e  l i b r a r y  t a p e  t h a t  i s  ava i l ab le  
on-s i te  contains approximately 300,000 d a t a  po in t s .  The da ta  a r e  
s to red  on t a p e  i n  such a  fash ion  t h a t  a  user  has a v a i l a b l e  information 
concerning t h e  accuracy of each d a t a  poin t  and enough information t o  be 
ab le  t o  dup l i ca t e  t h e  form of t h e  input  d a t a ,  i . e .  , 14.00+0 implies  one 
more s i g n i f i c a n t  f i g u r e  than 14.0+0. RETREV was w r i t t e n  i n  For t ran  I V  
(702) and Sleuth  I1 (30%) f o r  t h e  Univac 1137 computer. 

The request  opt ions  a v a i l a b l e  l o c a l l y  a r e  t h e  fol lowing:  atomic 
number, mass, c ros s  sec t ion  type ,  energy i n  MeV, i n s t i t u t i o n ,  y e a r ,  and 
suppression of  t h e  p r in tou t  of t h e  comment sec t ion .  Input i s  by 
NAMELIST and, un l ike  BNL's RETREV, only i n t e g e r s  o r  f l o a t i n g  poin t  
numbers a r e  used. The 1107 vers ion  r equ i re s  a s  input  t h e  des i r ed  Z (  s) , 
~ ( s )  , and appropr i a t e  reques t  numbers (which can be found i n  BNL-883). 

Eventual ly RETREV w i l l  be programmed t o  punch and p l o t  t h e  c ross  
sec t ion  d a t a  contained on t h e  l i b r a r y  t a p e ;  however, t hese  opt ions  
probably w i l l  not be added u n t i l  a l l  o f  t h e  var ious  types of c ross  
sec t ions  can be r e t r i e v e d .  The unpacking rou t ines  f o r  r ec rea t ing  t h e  
d i f f e r e n t i a l  c ros s  sec t ions  and t h e  secondary energ ies  have not been 
w r i t t e n .  

A r e l o c a t a b l e  deck i s  a v a i l a b l e  f o r  genera l  on-s i te  use.  

BNGJ Master Library 

Carbon 12 was modified t o  include t h e  f a s t  absorpt ion  c ross  
sec t ion  from KFK-120. Carbon w i l l  be reupdated l a t e r  using KFK-120 
da ta  a t  a  much f i n e r  energy mesh than  t h e  one c u r r e n t l y  i n  t h e  l i b r a r y  
record.  

* P a r t i a l l y  funded by 02. 





The aluminum 27 record  was modified t o  include t h e  peak of  
t h e  5.9 KeV resonance. The r eco rd  as obtained from t h e  ENDF/A 
l i b r a r y  d id  not  have a  peak c ross  sec t ion  and r e s u l t e d  i n  low, 
average c ross  sec t ions  between 4.0 and 10.0 KeV. Chromium and n icke l  
were a l s o  updated using t h e  KFK-120 da ta .  Updating t h e  i so topes  of  
i r o n  by Theore t ica l  Physics personnel i s  cont inuing and any changes 
a r e  immediately added t o  t h e  appropr ia te  records on t h e  master 
l i b r a r y  t ape .  

> 

A keypunch e r r o r  i n  t h e  Pu-239L record w a s  cor rec ted .  The 
e r r o r  had apparent ly  been i n  t h e  l i b r a r y  f o r  some time. The f i s s i o n  
c ross  sec t ion  a t  145 eV was 91  barns and should have been only 9 .1  
barns.  The average f i s s i o n  c ross  sec t ion  between 100 and 215 eV 
dropped approximately 4 barns.  

A new vers ion  of ~ 2 3 6  i s  about ready t o  p lace  on tape .  

HAMMER 

The BNL-SRL l a t t i c e  a n a l y s i s  code HAMMER has been success fu l ly  
converted f o r  use  a t  t h i s  i n s t a l l a t i o n .  It i s  ava i l ab le  f o r  e i t h e r  
t h e  IBM 7090 o r  t h e  Univac 1107. 

EXTERMINATOR 

The Univac 1107 vers ion  of  t h e  2-dimensional d i f fus ion  theory  
code EXTERMINATOR runs approximately 2 - 2-1/2 t imes a s  long a s  t h e  
vers ion  f o r  t h e  IBM 7090. Work was begun t h i s  month t o  determine t h e  
cause and, i f  poss ib l e ,  t o  reduce t h e  running time. It has been de- 
termined t h a t  t h e  code i s  1 / 0  bound. The program i s  being revised  t o  
add t h e  necessary p a r a l l e l  l o g i c  f o r  reducing t h e  1 /0  wait ing time. 

Neutron Physics 

Slow-Neutron S c a t t e r i n g  

The Rotating-Crystal-Spectrometer ( R X S )  was used f o r  a  s i n g l e  
measurement of t h e  doub le -d i f f e ren t i a l  s c a t t e r i n g  c ross  sec t ion  of 
0 .1  eV energy neutrons from a t h i n  sample of room temperature D20. 
Assuming t h a t  t h e  reduced d a t a  w i l l  show no experimental discrep-  
anc ie s ,  t h i s  completes t h e  planned s c a t t e r i n g  measurements on D20. 

The RXS was used f o r  a  measurement of t h e  doub le -d i f f e ren t i a l  
s c a t t e r i n g  c ross  sec t ion  of 0.608 eV energy neutrons from room tem- 
pe ra tu re  H20. A s i n g l e  measurement f o r  an inc iden t  neutron energy 
of 0.4 eV remains t o  be done t o  complete t h e  planned RXS measurements 
f o r  room temperature H20. Prel iminary c a l c u l a t i o n s  were made t o  attempt 
t o  f i t  t h e  H20 s c a t t e r i n g  law r e s u l t s  obtained on t h e  RXS with t r i a l  
phonon frequency d i s t r i b u t i o n s  using t h e  LEAP program. 

The RXS was used t o  measure t h e  doub le -d i f f e ren t i a l  s c a t t e r i n g  
c ross  sec t ions  of 0.304- and 0.152-eV energy neutrons from a 0.015 inch 
t h i c k  sample of s o l i d  Hz0 a t  a  temperature of -6 OC. 





The t r i p l e - a x i s  spectrometer was used t o  measure t h e  double- 
d i f f e r e n t i a l  s c a t t e r i n g  c ross  sec t ions  of neutrons from H20 a t  95 O C .  

Measurements were made at seve ra l  d i f f e r e n t  energ ies  t o  allow re -  
normalizat ion of previous ly  obtained da ta  which contained systematic  
e r r o r s .  

Inves t iga t ion  continued on a method of high r e so lu t ion  mono- 
chromatizat ion using multiple-Bragg d i f f r a c t i o n .  P a r t  of t h e  previous 
ana lys i s  was found t o  be i n  e r r o r ,  and t h e  c a l c u l a t i o n a l  program was 
cor rec ted .  

Fas t  Neutron Cross Sec t ions  

A paper on t h e  "Existence of t h e  2.86 MeV Level i n  B'O" was com- 
p l e t e d  and submitted f o r  pub l i ca t ion .  

Work continued on a paper which p resen t s  evidence f o r  t h e  non- 
ex is tence  of a bound s t a t e  of t h e  di-neutron from n-d t o t a l  c ros s  sec t ion  
measurements . 

An e f f o r t  was made t o  reprocess  a l l  of t h e  previously obtained 
f a s t  neutron t o t a l  c ros s  sec t ion  da ta .  This  reprocessing which was 
e s s e n t i a l l y  completed was necessary t o  perform t h e  covariant  e r r o r  
ana lys i s .  The f i n a l  processing by t h e  program LILNED which combines 
t h e  r e s u l t s  of two o r  more sepa ra t e  measurements was about 25% completed. 

Cross Sect  ion Evaluation 

A t  a meeting of t h e  Cross Sect ion Evaluat ion Working Group, 
BW was assigned t h e  r e s p o n s i b i l i t y  of providing complete s e t s  of 
evaluated d a t a  f o r  s eve ra l  i so topes  f o r  t h e  Evaluated Juclear Data 

197 
E F i l  B. The i s  topes  a s s i  ned were H ~ ,  H ~ ,  xe135, sml 9 ,  ~ ~ ~ 5 ~ 3 ~ 5 ~ ~  

Dylg4 , L U ~ T ~ . ~ ~ ' ,  and Au . I n  add i t ion ,  we p lan  t o  provide d a t a  f o r  
~u~~ and cu65. Work has begun on obta in ing  t h e  r e s u l t s  of  previous 
eva lua t ions  and new da ta .  

- 

REACTOR ENGINEERING DEVELOPMENT 

BWR and PWR Core Design Studies  

A computer code s i z i n g  water-cooled r e a c t o r  cores within heat  
t r a n s f e r  l i m i t a t i o n s  has been wr i t t en .  The code subroutines analyze 
t h r e e  core geometries and f a c i l i t a t e  two-phase flow pressure  drop 
c a l c u l a t i o n s .  S u f f i c i e n t  d a t a  can be obtained t o  supply input  t o  
r e a c t o r  nuclear  a n a l y s i s  codes f o r  f u e l  cyc le  cons idera t ions .  

Chemical Shim 

'Ihe bo r i c  a c i d  t e s t  of t h e  PRTR dump valve was completed. The 
valve has been disassembled and t h e  spr ings  removed f o r  examination. 

The chemical shim t e s t  i n  t h e  Environmental Tes t  F a c i l i t y  has 
been completed. To ta l  opera t ing  time f o r  t h i s  last  t e s t  run w a s  108 
days. Nominal boron concent ra t ion  was 50 ppm. During t h e  t e s t ,  coupons 
were removed monthly from t h e  s to rage  tank  f o r  examination and evalua t ion .  





Shroud Tube Removal Machine 

Fabr ica t ion  of t h e  remaining p a r t s  of t h e  Shroud Tube Cut te r  
i s  i n  progress .  It i s  doubt fu l  t h a t  a l l  p a r t s  w i l l  be completed by 
J u l y  1, a s  scheduled. Some small p a r t s  ordered o f f s i t e  have not 
been rece ived  and may cause some a d d i t i ~ n a l  delay.  

The s ix- inch weld c u t t e r  was i n s t a l l e d  on t h e  machine and a  
t o p  weld cu t  made on t h e  s ix- inch mockup shroud tube;  no d i f f i c u l t i e s  
were encountered. The c u t  was c lean  with very l i t t l e  burr .  Some 
modif ica t ions  a r e  being made on t h e  s ix- inch weld c u t t e r  t o  f a c i l i t a t e  
i t s  passage through t h e  tube  t o  make t h e  bottom weld cut. 

Prepara t ion  of t h e  f i r s t  d r a f t  of an opera t ing  and maintenance 
manual f o r  t h e  machine i s  es t imated  80% complete. 

Rupture .Loop P a r t i c l e  Removal Study 

Deta i led  design was completed, ma te r i a l  i s  p re sen t ly  bein,? 
ordered,  and purchase r e q u i s i t i o n s  f o r  a u x i l i a r y  equipment have been 
prepared. Fabr ica t ion  should s t a r t  i n  e a r l y  J u l y ,  1966. 

PRTR Moderator-Reflector System 

Revisions t o  t h e  ref lector-moderator  systems permit tin^ use of 
l i ~ h t  >:ater as a r e f l e c t o r  a r e  00% complete. 

The r e f l e c t o r  helium sweep blower by-pass r egu la t ing  valve has 
been received.  This item completes r e c e i p t  of a l l  engixieering procured 
m a t e r i a l .  

PRTR Corrosion Monitoring 

Mater ia l  cor ros ion  i n  t h e  PRTR moderator, r e f l e c t o r  and primary 
s h i e l d  i s  monitored by continuous cor ros ion  probes. Probes of 6 ~ 6 1  
aluminum a l l o y  i n  t h e  moderator and r e f l e c t o r  system arid a  probe of 
1010 carbon s t e e l  i n  t h e  primary s n i e l d  system a l l  showed r a t e s  oC l e s s  
than  0.01 mil/month during t h e  pas t  month. 

PRTR Primary Sh ie ld  Leak Corrosion Tes t s  

Laboratory cor ros ion  t e s t i n s  t o  examine p o t e n t i a l  cor ros ion  
problems r e s u l t i n g  from t h e  l e a k  i n  t h e  tottom PRTR primar:: s h i e l d  has 
continued.  The l a t e s t  t e s t  t o  eva lua te  aluminum corrosion r e s u l t i n g  
from t h e  s h i e l d  coolant  con tac t ing  t h e  moderator system aluminum shim 
wel l s  and p ip ing  was completed. The tesL was corlductecl i n  a  small 
l abora to ry  loop s imula t ing  t h e  s h i e l d  system conta in ing  coolant  a t  
60 O C ,  PH-10, 15-60 pmhO/cn conduct iv i ty  and 3.08 - 2.L ppm 0 2 .  A 
continuous aluminum corros ion  probe loca ted  i n  t h e  loop corroded a t  a  
r a t e  of 1 .8  mils/month during t h e  f i r s t  week a s  repor ted  e a r l i e r .  A t  
t h e  end of t h i s  per iod ,  t h e  cor ros ion  p?,obe underwei:t a  r ap id  rcductior;  





i n  aluminum corros ion  r a t e  t o  l e s s  than  0.01 mils/month, where it 
remained f o r  t h e  next t h r e e  weeks of t h e  t e s t .  Thus, once t h e  protec-  
t i v e  aluminum oxide l a y e r  was formed, t h e  uniform equi l ibr ium corro-  
s ion  r a t e s  i n  degraded ammoniated coolant  a r e  planned. Carbon s t e e l  
cor ros ion  r a t e s  determined by a corros ion  probe were n e g l i g i b l e  during 
t h e  e n t i r e  t e s t i n g  per iod .  

Chemical Shim Corrosion S tud ie s  

P i l o t  p l an t  t e s t i n g  of a  PRTR dump va lve ,  shroud tube  bellows 
assembly and shim rod assembly with borated water has been conducted. 
These t e s t s  were examining t h e  e f f e c t s  of us ing  H3B03 i n  t h e  moderator 
system. Examination of t h e  components w i l l  be conducted during t h e  
next r epor t ing  per iod .  

Ceramic Fuel Disso lu t ion  Studies  

ceramic f u e l  d i s s o l u t i o n  work during t h e  p a s t  month has been 
d i r e c t e d  toward determining t h e  d i s s o l u t i o n  r a t e s  of s i n t e r e d  Pu02 i n  
concentrated H3P04. Prel iminary da ta  show t h a t  t h e  r a t e s  were much 
lower than  those  found f o r  t h e  high f i r e d  Pu02 at  comparable tempera- 
t u r e s .  The s i n t e r e d  m a t e r i a l  was t r e a t e d  a t  1650 O C  and t h e  high f i r e d  
Pu02 was f i r e d  a t  900 O C .  The higher  t rea tment  temperatures  ev iden t ly  
a l t e r e d  t h e  oxide s t r u c t u r e ,  making it more d i f f i c u l t  t o  d i s so lve .  

PRTR Pressure  Evaluat ion 

The PRTR r e a c t o r  safeguards program inc ludes  study by d e s t r u c t i v e  
examination of t h e  e f f e c t  of r e a c t o r  environment upon t h e  Zircaloy-2 
p res su re  tubes .  Work i n  progress  i s  composed of measurement of e l a s t i c  
s t r a i n  on u n i r r a d i a t e d  tube  specimens while under d i f f e r e n t  loading  
cond i t ions ,  and crack  propagat ion t e s t s  a t  var ious  temperatures .  The 
r e s p e c t i v e  o b j e c t i v e s  a r e  t o  desc r ibe  e l a s t i c  behavior of an a n i s o t r o p i c  
tube  and t o  provide crack propagation da ta .  This  work i s  cont inuously 
improving t h e  b a s i s  f o r  judgment of i r r a d i a t e d  specimens, 

The t h i r d  t e s t  of t h r e e  r equ i red  f o r  determinat ion of e l a s t i c  
cons tants  necessary f o r  descr ib ing  s t r e s s ,  s t r a i n ,  and r a d i a l  d isp lace-  
ment of a  p re s su r i zed  o r tho t rop ic  c y l i n d r i c a l  tube  i s  ope ra t iona l .  A 
s a t i s f a c t o r y  pressure  s e a l  around t h e  s t r a i n  %ace l e a d  wires  has been 
a t t a i n e d  without a reduct ion  of wire-to-wire r e s i s t a n c e  below about 
10,000 meg ohms. The specimens were pressur ized  t o  4500 ps ig  wi th  helium. 
A t  each 500 ps ig  increment,  t h e  ind ica t ed  s t r a i n  from t h e  i n s i d e  and 
ou t s ide  s t r a i n  gage c i r c u i t s  was recordec?. Iflien p l o t t e d ,  t h e s e  s t r a i n  
da ta  were found t o  be l i n e a r i l y  dependent upon p res su re .  

The e f f e c t  of  temperature upon propagation of a  two-inch long 
simulated crack  i s  being determined. Tes t s  a t  20, 80, and 107 O C  have 
been perforned.  The c a l c u l a t e d  Lam6 s t r e s s  a t  propagation was 34,650, 
31,750 and 31,050 p s i ,  r e spec t ive ly .  Assuming t h a t  t h e  l a t t e r  va lue  i s  
s l i g h t l y  liigh, t h e  s lopes  of t h e  l i n e  described by t h e s e  po in t s  i s  minus 
48.3 p s i  ( s t r e s s ) / C .  Tes t s  a t  higher  temperatures  w i l l  be performed. 





PRTR p r e s s u r e  tube  5636, which had been discharged from 
channel 1348, was c u t  i n t o  t e s t  specimens a t  t h e  PRTR bas in ,  and 
i t s  t a p e r  s e c t i o n  was t r a n s f e r r e d  t o  Radiometallurgy. A r e p l i c a  
of  a mark and i t s  ad j acen t  a r e a  on t h e  i n s i d e  s u r f a c e  of  t h e  t a p e r  
was made t o  f a c i l i t a t e  s tudy  of t h e  mark. The shape arid l o c a t i o n  
o f  t h e  mark support  t h e  i dea  t h a t  t h e  mark i s  t h e  r e s u l t  of  con tac t  
by a t ube  alighment mandrel. 

CYCLE ANALYSIS 

Economically Optimum Plutonium L a t t i c e s  f o r  Water Reactors  

Reoptimizing uranium water  r e a c t o r  l a t t i c e s  f o r  plutonium t o  
minimize f u e l  cyc l e  c o s t s  w i l l  u s u a l l y  s o f t e n  t h e  neutron spectrum 
and improve t h e  va lue  of plutonium. 

The fol lowing t h r e e  methods of  opt imizing t h e  neutron spectrum 
without  m o d i f y i n ~  t h e  core  o r  t h e  v e s s e l  of  a p r e s su r i zed  water  r e a c t o r  
have been considered:  (1) reducing t h e  f u e l  d e n s i t y ,  ( 2 )  reducing t h e  
f u e l  rod d iameter ,  and ( 3 )  i n c r e a s i n ~  t h e  l a t t i c e  p i t c h .  Table I l i s t s  
t h e  p r o ' s  and con ' s  of t h e s e  t h r e e  opt imizing methods. 

Also, t h r e e  i n t e r e s t i n f :  plutonium compositions r ep re sen t ing  t h e  
r e c y c l e  and nonrecycle  plutonium f u e l s  t h a t  thermal  r e a c t o r  ope ra to r s  
may encounter  have been cons idered :  (1) t h e  lutonium composition 
from f a s t  b reeder  b l anke t s  (914% F'u239, 5% Pu2e0, 1% puBP1, 0% o r  
a s  abbrev ia ted :  94-5-1-0); ( ? )  t h e  plutonium composition from a f i r s t  
c y c l e  water  r e a c t o r  d i scharge  (62-17-16-5); and ( 3 )  t h e  plutonium com- 
p o s i t i o n  from a f o u r t h  cyc l e  water  r e a c t o r  discharge ( 50-16-19-15 ) .  

The r e s u l t s  a r e  comparcd i n  two wa:rs. The f i r s t  type  of  com- 
pa r i son  i s  shown i n  Table  11, wherein each l a t t i c e  modi f ica t ion  i s  
analyzed by holding t h e  o t h e r  two cons t an t .  The t a b l e  shows t h a t ,  
except  f o r  nonrecycle  plutonium (34-5-1-G), i nc reas ing  t h e  l a t t i c e  
p i t c h  y i e l d s  t h e  lowest- f u e l  cyc l e  c o s t .  

A second way of  comparing t h e  r e s u l t s  shows t h a t  a combination 
o f  i nc reased  l a t t i c e  p i t c h  and reduced rod s i z e  y i e l d s  a d d i t i o n a l  
savings of  up t o  0.24 n i l l / k \ ! h e  f o r  t h e  1.ighly burned plutonium 
( 50-16-19-15). 

Furthermore, our  c a l c u l a t i o n s  show t h a t  t h e  va lue  of  f i r s t  cyc l e  
plutonium i s  up t o  28% more i n  an opt imized l a t t i c e  than  i n  a uranium 
l a t t i c e .  

Some Nuclear C h a r a c t e r i s t i c s  of  PI-TR's Recycling Plutonium 

This  s tudy  shows t h a t  t h e  disadvantage i n  t h e  power d i s t r i b u t i o n  
wi th  plutonium r e c y c l e ,  compared t o  t h a t  of ~ ~ 3 5 - e n r i c h e d  r e f u e l  inq, 
vanishes  a f t e r  a PWR core  has  been succcs s ive ly  r e f u e l e d  with recyc led  
plutonium. This  cond i t i on  i s  c a l l e d  p h ~ t o n i u m  s teady  s t a t e  r e c y c l e .  
Thus, t h e  pqwer d i s t r i b u t i o n  i s  d i s t i n c t l y  d i f f e r e n t  f o r  plutonium f i r s t  
r ecyc l e  and plutonium zteady s t a t e  r ecyc l e .  





TABLE I 

ADVANTAGE AND DISADVANTAGES OF 
SEVERAL METHODS OF LATTICE OPTIt!IZATION 

Basic Var ia t ion  Advantages Disadvantages 

Reducing Fuel  1. Maintains hea t  t r a n s f e r  1. Fabr i ca t ion  cos t  i nc reases .  
Density a r e a .  

2 .  No modi f ica t ion  of p i t c h  2.  Limited economic range of 
o r  assembly. changes i n  spectrum. 

3. Higher s p e c i f i c  power (h igh  
thermal  conduct iv i ty  of 
mat r ix  m a t e r i a l s ) .  

4. Lower inventory .  

ReCLucing Rod 1. High s p e c i f i c  power. 1. Reduced hea t  t r a n s f e r  a r e a .  
S i ze   voiding mel t ing  by using 

t h i n n e r  rods .  ) 
2.  N o m o d i f i c a t i o n o f p i t c h  2.  Fabricationcostincreases. 

o r  assembly. 
3. Large range of chanee i n  

spectrum. 

Increas ing  P i t c h  1. No chance i n  f a b r i c a t i o n  1. Assembly r e q u i r e s  modifi-  
c o s t .  c a t ion .  

2 .  Large range of spectrum 2.  Reduced hea t  t r a n s f e r  a r e a  
change (but  a t  d i s c r e t e  i n  a  f i x e d  v e s s e l  s i z e .  
V/F va lues  ) . 





TABLE I1 -- 
OPTIMUN LATTICE PARAMETERS FOR THREE FUEL COMPOSITIONS 

Reducing Fuel Reducing Rod Increas ing  
Fuel Cycle Density Radius L a t t i c e  P i t c h  
Costs i n  a Optimized Optimized Clad 

Rod 
Optimized Lattice Reference 

Pu Comp. $ ' s  P 239- Water Reactor Cost,  Density Cost ,('I Radius, Cost P i t c h ,  
pu?40-pu~41-pu2~2 L a t t i c e  Mills/kWh $ Theor. Mills/kWh cm Mills/kWh cm 

S l i g h t l y  Enriched 
Uranium 1.84 

-- 
These c o s t s  a r e  based on: -$100/kg Fabr ica t ion  

$ 32/kg Reprocessing 
10% I n t e r e s t  on both t h e  Fuel Inventory and 

t h e  Fuel Cycle 
$101~ f i s s i l e  Plutonium Credit  (i lote: t h e  va lue  

has not  been decreased with t h e  increas ing  
~ ~ 2 4 2  content  ) . 





Because of t h e  incremental f a b r i c a t i o n  cos t  of plutonium en- 
r i ched  rods over u235-enriched rods ,  it i s  d e s i r a b l e  t o  minimize t h e  
number of plutonium-bearing rods requi red  by plutonium recycle .  As 
Table I11 shows, reducing t h e  percentage of  plutonium-bearing rods 
a c t u a l l y  improves t h e  power r a t i o  between a plutonium recycle  assembly 
and a s l i g h t l y  enriched uranium assembly, even though t h e  ind iv idua l  
plutonium-bearing rods wi th in  t h e  assembly w i l l  be opera t ing  a t  a 
higher  power than  t h a t  of ad jacent  u235-enriched rods .  This improve- 
ment i n  t h e  assembly power r a t i o  i s  due t o  t h e  se l f - sh ie ld ing  of  t h e  
plutonium c ross  s e c t i o n s  i n  t h e  higher  plutonium-enriched rods within 
t h e  assembly. This s e l f - sh ie ld ing  could be increased  by using l a r g e r  
plutonium f u e l  p a r t i c l e s ,  which have se l f - sh ie ld ing  c h a r a c t e r i s t i c s  
s i m i l a r  t o  those  of penc i l  plutonium conf igura t ions .  

It was found t h a t  ad jus t ing  t h e  l a t t i c e  parameters t o  minimize 
t h e  f u e l  cyc le  c o s t s  of plutonium recycle  usua l ly  so f t ens  t h e  neutron 
spectrum; but  t h i s ,  a s  Table I V  i n d i c a t e s ,  w i l l  not d r a s t i c a l l y  a f f e c t  
t h e  power r a t i o  during t h e  plutonium f i r s t  r ecyc le .  And during t h e  
plutonium steady s t a t e  r ecyc le  t h e  power d i s t r i b u t i o n  of a plutonium 
recyc le  assembly i s  no worse than  t h a t  of s l i g h t l y  enriched uranium 
assembly. 

Table I V  a l s o  shows t h a t  a s  t h e  burnup proceeds during t h e  f i r s t  
plutonium recyc le ,  t h e  power r a t i o  r a p i d l y  improves. This rap id  i m -  
provement i s  due t o  t h e  burnout of  t h e  l a r ~ e  c ross  sec t ion  plutonium 
iso topes .  

The r e a c t i v i t y  c o e f f i c i e n t s  and a r e a c t i v i t y  comparison between 
plutonium recycle  and s l i g h t l y  enriched uranium re fue l ing  f o r  f i r s t  
r ecyc le  and s teady s t a t e  r ecyc le ,  a r e  now being s tudied .  

TEST REACTOR OPERATION 

Operating Experience 

Prepara t ions  f o r  s t a r t i n g  t h e  batch core c r i t i c a l  t e s t s  were 
completed i n  June. The non-nuclear c r i t i c a l  t e s t s  which include de- 
termining moderator drop r a t e s  fol lowing a r e a c t o r  scram were i n  progress  
a t  month end. Work accomplished during June included t h e  fol lowing:  

1. The primary system f l u s h  with degraded heavy water was 
completed. The primary system was then  r e f i l l e d  wi th  
primary grade D20. The c u r r e n t  primary system i s o t o p i c  
p u r i t y  i s  96.42 D ~ O .  

2.  The core  blanket  system was re turned  t o  helium s e r v i c e  
with flow es t ab l i shed  throuch t h e  moisture de tec t ion  
system sample l i n e s .  

3. The s t r a i n e r  downstream of t h c  moderator pumps was r e -  
moved and cleaned followinq a drop in  moderator loop 
flow. The s t r a i n e r  basket  was plugced with a f i n e  black 





TABLE I11 

PLUTONIUV PLACEMENT AND ITS EFFECT ON TI!E POWER RATIO 
BETWEEN A PLUTONIW RECYCLE FUEL ASSEYBLY 

AND A u235-ENRICHED FUEL ASSEMBLY 
Enrichment 

of Pu-Bearing Rods 

- 
*The remaining percent  of rods i n  t h e  r ecyc le  assembly a r e  enriched 
only with 2.8% ~ ~ ~ 5 .  

Percent of Pu- Power Ratio Ef fec t  i vc  i n  Recycle Assembly* 
Bearing Rods 

tPower from pu Recycle Assem, 
Pu239 Fiss ion  F i s n i l e  

**Recycle plutonium composition i s  621 pu239, 17% ~u~~~ , 165 pu2"l, 
5% ~ ~ 2 4 2 .  

i n  Recycle 

***Pencil Pu i n  n a t u r a l  uranium. 

Cross Section, u235 Pu, ** Enrich. ,  
Fuel Assembly* Power from ~ 2 3 5 - ~ n r i c h e d  Assem, barns - W t  % W t  % W t  5 





TABLE I V  

POWER CHARACTERISTICS FOR VARIOUS PWR LATTICE PARAMETERS 

Power Ratio 

Power from Plutonium Recycle Assembly*" 
Power from ~ 2 3 > - ~ n r i c h e d  Assembly 

Economic F i r s t  
Optimums L a t t i c e  Recycle Steady S t a t e  Steady S t a t e  

f o r  Pu Parameter ( Zero F i r s t  Recycle Recycle, Rec:,rcle, 
Recycle Var ia t ions  Exposure ) (10,000 !Wd/FIT) (Zero Exposure ) (10,000 IXWd/~~)  

( ~ u e l  )90 1 .35  1 .09  0.92 0.84 
75-80% ( ~ e n s i t y ,  )70 1 . 4 1  1.06 0.95 0.85 

( %  T.D. )50 1 - 4 9  1.11 1.02 0.86 

( ~ o d  )0.50*** 1 . 2 1  0.94 
0.53 - ( ~ i t c h , ) 0 . 5 5  1.34 1.08 
0.56" ( i n .  )0.60 1.46 1.10 

( ~ o d  ) 0.209*** L 32 1.10 0.93 0.87 
( ~ a d i u s , )  0.193 1 . 5 1  1.20 0.99 0.96 
( i n .  )0.177 1 .65  1 .30  1.08 1 .05  

**Composition of recycled plutonium i s  62% pu239, 17% ~ u ~ ~ ~ ,  16% ~ u ~ ~ ~ ,  
5% ~ u 2 4 2 .  

***Approximate l a t t i c e  parameter f o r   enriched r e f u e l i n g .  





f l a k e  m a t e r i a l .  The cleaned s t r a i n e r  basket  was 
rep laced  and moderator flow re turned  t o  normal. 
The f i l t e r  c a r t r i d g e s  i n  t h e  moderator bypass 
f i l t e r  were a l s o  rep laced .  

4 .  The boron a d d i t i o n  system i n s t a l l a t i o n  has been 
completed and system checkout was i n  progress  a t  
month end. The boron removal system i n s t a l l a t i o n  
cont inues  with remaining work inc luding  t h e  connection 
of  t h e  boron removal ion  exchange u n i t  t o  t h e  flow 
c o n t r o l  va lve  manifold,  checkout of t h e  boron removal 
system, and d e u t e r i z a t i o n  of t h e  boron removal ion  
exchanger. 

5. Cleanup ion  exchange u n i t s  f o r  t h e  primary and moderator 
systems were deu te r i zed  and placed i n  s e rv i ce .  The 
r e f l e c t o r  cleanup ion  exchanger was a l s o  placed i n  s e r v i c e .  

6 .  I n s t a l l a t i o n  of t h e  r e l o c a t e d  t o p  and bottom s h i e l d  
cleanup system was completed and r e tu rned  t o  s e r v i c e .  

7.  The cha rcoa l  f i l t e r  u n i t s  of  t h e  process  a r e a  exhaust 
f i l t e r  system were rep laced .  

8. A low r e s i s t a n c e  t o  ground was found on one phase of  
t h e  underground cab le  supplying emergency backup e l ec -  
t r i c a l  power from t h e  384 Bldg. U n t i l  t h e  cab le  i s  
r ep l aced ,  t h e  o l d  l i n e  w i l l  be used. The l i m i t a t i o n  
t h i s  pu t s  on t h e  ope ra t ion  i s  t h a t  t h e  rup tu re  loop 
cannot be opera ted  wi th  f u e l  i n  t h e  r e a c t o r  t e s t  s e c t i o n .  

Heavy water l o s s  recorded f o r  t h e  month was 2744 pounds. A l l  
bu t  150 pounds of  t h i s  l o s s  a c t u a l l y  occurred September 29, 1965, 
during t h e  FERTF f u e l  f a i l u r e  i nc iden t  bu t  was not  revea led  u n t i l  now 
due t o  m i s c a l i b r a t i o n  of  t h e  primary system D20 s to rage  t anks .  

Maintenance Experience 

S i g n i f i c a n t  maintenance i tems f o r  t h e  month included t h e  l o c a t i o n  
and r e p a i r  of numerous t o p  f ~ c e  l e a k s  on t h e  dry  gas system. A t o t a l  
o f  3438 c r a f t  manhours were u t i l i z e d  during t h e  June outage a s  fo l lows:  

FERTF Fuel  F a i l u r e  323 
Decontamination 133 
Repair 1 356 
Modif icat ion and Improvement ( inc luding  c a p i t  a 1  work) 754 
Onerations Ass is tance  38G 
Prevent ive  Maintenance 476 

3 manhours 





Improvement Work S t a t u s  

Work Com~le t ed  

Core Blanket F i l t e r s  
E l e c t r i c a l  Diese l  Fuel  Return Pump 
PRTR C r i t i c a l  Tes t  Ins t rumenta t ion  
Re-route TKA-5 Discharge 
Export Steam Expansion J o i n t  Repair 
1550 Dry Gas F i l t e r  

Work P a r t i a l l y  Completed 

New Instrument  Power Supply 
Trave l ing  Flux Wire Probes 
Reactor H a l l  Crane Work P la t form 
Ef f luen t  Monitor System C a l i b r a t i o n  Modif icat ions 

.Diese l  Well Pump - Remote S t a r t  
Instrumented Fuel Element I n s t a l l a t i o n  
Relocate  1 x 4  
Helium Compressor Com~ensat ing Pump 
RL Annex V e n t i l a t i o n  Enclosure 
Second Ploderator Temperature Probe 

Design Work Completed 

Second Moderator Temperature Probe 
Corrosion Probe I n s t a l l a t i o n  i n  Core Blanket System 
Corrosion Monitoring Probe I n s t a l l a t i o n  i n  Thermal and 

B io log ica l  Sh ie ld  System 
Underwater TV I n s t a l l a t i o n  

Design Work P a r t i a l l y  Completed 

Analysis  o f  HX-1 and Primary Pump Supports  
Rupture Loop Decontamination Equipment 
D20 Addit ion t o  Primary from Outside C.F. 

Process  Engineer ing and Reactor  Physics  

The p r e s e n t a t i o n  of t h e  ba t ch  core  o r i e n t a t i o n  b r i e f i n g s  i s  
e s s e n t i a l l y  complete. 

The moderator l e v e l  probe has  been i n s t a l l e d  and t e s t e d .  The 
Time Domain Reflectometer  has  been r ece ived  and i n s t a l l e d  i n  t h e  Control  
Room. S e n s i t i v i t y  o f  t h e  probe has  been e x c e l l e n t .  Measuring t h e  
response o f  t h e  moderator l e v e l  t o  opening of  t h e  dump va lves ,  shutdown 
va lve ,  e t c . ,  has been s a t i s f a c t o r y .  A "noise" problem i n  t h e  probe has  
prevented s a t i s f a c t o r y  t e s t i n g  of  t h e  l e v e l  c o n t r o l  mode of  ope ra t i on ,  
and a r e v i s i o n  t o  t h e  equipment may be r equ i r ed  t o  overcome t h i s  problem. 

A summary desc r ip t i o r i  of  p l ans  f o r  approach t o  power and i n i t i a l  
power ope ra t i on  has  been prepared  f o r  t r a r l s m i t t a l  t o  t h e  AEC. 





Studies  of neutron f l u x  power c a l i b r a t i o n s  f o r  t h e  C r i t i c a l  
Tes t s  were i s sued .  While t h e  f l u x  per  watt  of power i n  t h e  core 
w i l l  vary inve r se ly  with t h e  number of f u e l  elements,  t h e  f l u x  per  
watt  a t  t h e  pe r iphe ra l  chamber p o s i t i o n s  w i l l  not be s t rong ly  a f f e c t e d .  
Therefore,  t h e  chamber c a l i b r a t i o n s  w i l l  be roughly constant  through- 
out t h e  loading  and bora t ing  of t h e  core .  

PRTR Test  125, I r r a d i a t i o n  of Zr-2 - 1/2% Niobium Pressure  
Tube, and PRTR Test  133,  Spec ia l  Burnup Study Fuel Elements, were 
approved and i ssued .  

The tapered  s e c t i o n  of process tube  5696 from process channel 
1556 was sen t  t o  t h e  Radiometallurgy Laboratory. A r e p l i c a  was ob- 
t a i n e d  from t h e  g a l l e d  a r e a  which ind ica t ed  t h a t  t h e  de fec t  w a s  caused 
by dropping t h e  process tube  a l ign ing  t o o l  (H-3-13396) i n t o  t h e  process 
tube .  Metal bui ldup i s  est imated a t  0.020". 

Changes t o  t h e  Operating Sa fe ty  Limits  f o r  PRTR were rece ived  
from AEC-RLOO s u b s t a n t i a l l y  a s  proposed i n  our Apr i l  t r a n s m i t t a l  and 
were d i s t r i b u t e d  wi th in  BI'W. 

P ro jec t  CAH-119 - PRTR Storage Basin Addition and Experimental 
F a c i l i t i e s  Modif icat ion 

This  p ro jec t  i s  t o  provide a  s to rage  basin add i t ion  and equip- 
ment f o r  experimental work and a d d i t i o n a l  s torage  space. The v e n t i l a -  
t i o n  system has been accepted with minor exceptions and t h e  abso lu te  
f i l t e r s  were ~ u c c e s s f u l l y  t e s t e d  using d ioc ty lph tha la t e  smoke. The 
bui ld ing  po r t ion  i s  1005 complete, but minor exceptions and add i t ions  
remain t o  be done. The demineral izer  sump pump was rep laced ,  t h e  under- 
water l i g h t s  r ev i sed ,  and o the r  minor items were completed. 

During t h e  month comments were submitted on AMF's d e t a i l e d  
design drawings f o r  t h e  underwater f u e l  hsndl ine  equipment. Fabri-  
c a t i o n  i s  scheduled t o  s t a r t  on r e c e i p t  of drawing approvals.  

P ro jec t  BCP-007 - PRTR Waste Handling 

This p r o j e c t  i s  t o  provide.improved waste handling c a p a b i l i t y  
and c o n t r o l  of r e a c t o r  systems dur ins  off-s tandard s i t u a t i o n s .  ?cope 
requirements and cos t  e s t ima tes  f o r  Fhase I1 have been completed. 
Prepara t ions  of  a p r o j e c t  proposal  r ev i s ion  t o  include t h e  new items 
has been s t a r t e d .  

The Phase I work review was completed during t h e  month, and 
engineering work on t h e  1 4  i tems i s  under way. Engineering review of 
t h e  drawings f o r  t h e  YH #2 pump, TW t ank  bypass,  and new sump pump 
i n s t a l l a t i o n s  was completed. Procurement of long de l ive ry  items has 
been i n i t i a t e d .  Ex i s t ing  instrument drawings have been marked u;! f o r  
r e v i s i o n  t o  inc lude  new ins t rumenta t ion  as requ i red  on t h i s  p r o j e c t .  
Procurement s p e c i f i c a t i o n s  ?-lave been prepared and t r ansmi t t ed  t o  t h e  
P ro jec t  Engineer f o r  obta in ing  b i d  proposals  on t h e  equipment. 





EBWR DEMONSTRATION PROGRPZd 

Analysis of PRCF Experiments 

Calcula t ions  a r e  being done t o  complete t h e  experiment-theory 
c o r r e l a t i o n s  f o r  t h e  EBWR experiment i n  t h e  PRCF. Radial  and a x i a l  
f l u x  shapes have been ca l cu la t ed  wi th  program HFN. Worths of var ious  
m a t e r i a l s  and t h e  r e a c t i v i t y  a s  a funct ion  of moderator he ight  have 
a l s o  been c a l c u l a t e d  with HFN. 

Calcula t ions  a r e  a l s o  being done t o  eva lua te  t h e  one dimensional 
t r a n s p o r t  theory  code DTF-IV. 

INDUSTRIAL ASSISTATICE 

Westinshouse Physics  Tes ts  

Five hundred of a planned t o t a l  of 1200 U02 - 2 wL% Puo2 rods  
were packaged and shipped t o  Westinghouse. Three hundred more a r e  t o  
be shipped by J u l y  1, 1366, and 400 w i l l  be shipped during September. 
The rods a r e  t o  be used by t h e  Westinghouse Reactor Evaluation Center 
(WREC)  i n  zoned loading  s t u d i e s  along with 2.7%  enriched U02 rods.  

Mark I - R  P e l l e t  Fuel Rods 

A purchase order  was placed with General E l e c t r i c  Company f o r  
design and f a b r i c a t i o n  of 77 ICark I - R  high power dens i ty  f u e l  rods 
containing p e l l e t e d  U02-Pu02 f u e l .  Two 19-rod c l u s t e r s  assembled from 
these  rods w i l l  be included i n  t h e  Batch Core Experiment, and t h e  r e -  
maining rods w i l l  be i r r a d i a t e d  i n  t h e  FERTF i n  a s p e c i a l l y  designed 
basket tube element.  

ADVANCED SYSTFMS 

Fox ) 

A parametr ic  s tudy emphasizing f u e l  composition, s i z e ,  and weight 
requirerllents f o r  a 1 0  " w ( t )  l i q u i d  metal-cooled f a s t  compact r e a c t o r  
fue l ed  with U02 molybdenum cermet5 has been completed. Resul t s  of t h e  
s tudy have been i n t e r p r e t a t e d  and a rough d r a f t  of a formal r epor t  
w r i t t e n .  

The nuclear  parameter survey f o r  a s e r i e s  of compact r e a c t o r s  
fue led  wi th  pu239, U233, and u235 f u e l  cermets has been completed. 
A r e p o r t ,  BNWL-283, "Neutronics C h a r a c t e r i s t i c s  of Se lec ted  Compact Fas t  
Reactors ,"  by W .  W .  L i t t l e  and R .  V. Hardie i s  being published.  





NUCLEAR SAFETY 

CONTAINMENT SYSTEVS EXPERIMENT (J.  bl. ~ a t c h )  

E x ~ e r i m e n t a l  F a c i l i t i e s  

Cons t ruc t ion  a c t i v i t i e s  were concent ra ted  on t h e  bu i ld ing  and 
u t i l i t i e s  f o r  t h e  i n s t a l l a t i o n  of  t h e  r e a c t o r  s imu la to r  v e s s e l  o u t s i d e  
t h e  containment v e s s e l .  Design o f  t h e  s h e l t e r  bu i ld ing  and u t i l i t i e s  
was completed. Foundations f o r  t h e  bu i ld ing  and f o r  t h e  s imula tor  
support  were completed and bu i ld ing  e r e c t i o n  s t a r t e d .  Design of t h e  
l oop  p ip ing  and s t r u c t u r a l  support  f o r  t h e  s imula tor  was 80% completed. 
U t i l i t y  runs  were s t a r t e d  a s  was t h e  high p r e s s u r e  loop.  

The s i g h t  g l a s s e s  on t h e  containment v e s s e l  f o r  l i q u i d  l e v e l  
measurements, l a d d e r s  i n s i d e  t h e  containment v e s s e l ,  t h e  Dowtherm loop ,  
t h e  e x t e r n a l  p o r t i o n  of  t h e  a e r o s o l  samplinq system, and t h e  main 
header  f o r  t h e  h igh  p r e s s u r e  n i t rogen  gas  were completed wi th  minor 
except ions .  Work was s t a r t e d  o r  cont inued on t h e  a e r o s o l  i n j e c t i o n  
l i n e  and c o n t r o l  p a n e l ,  on t h e  Maypacks and a s s o c i a t e d  h o l d e r s ,  and on 
t h e  system f o r  suspending t h e  samplers and instrument  sensors  i n  t h e  
containment v e s s e l .  

Aerosol S tud ie s  

The f i s s i o n  product  a e r o s o l  which v r i l l  be used i n  CSC t e s t s  
s tudyin?  f i s s i o n  product  t r a n s p o r t  i n  containment w i l l  be genera ted  
by v o l a t i l i z i n g  r a d i o a c t i v e l y  l a b e l e d  s t a b l e  f i s s i o n  product elements 
o r  compounds and pas s ing  t h e s e  through t h e  hot  zone of  a secondary 
furnace  conta in ing  molten c l a d  u n i r r a d i a t e d  U02. This second furnace  
has  two purposes:  t o  add a source of  c ladding  and f u e l  p a r t i c l e s ,  and 
t o  provide a high temperature  reg ion  f o r  i o n i z a t i o n ,  decomposition, o r  
o t h e r  r e a c t i o n  o f  t h e  a e r o s o l .  A l l  p rev ious  t e s t s  i n  t h e  Aerosol De- 
velopment F a c i l i t y  (ADF) have used s t a i n l e s s  s t e e l  c l a d  U02. Because 
many r e a c t o r s  use  o r  propose t o  u se  Zi rca loy  c l a d  f u e l ,  it i s  necessary  
t o  determine whether t h e  type  of  c ladding  used i n  t h e  CSE a e r o s o l  
mixture  i s  important .  Therefore ,  a containment t e s t  was made i n  t h e  
ADF us ing  Zircaloy-2 c l a d  U02. Comparison with prev ious  t e s t s  us ing  
Type 30h s t a i n l e s s  s t e e l  c ladding  wi th  o therwise  s i m i l a r  cond i t i ons  
showed no d i f f e r e n c e  i n  i od ine  containment behavior  a t t r i b u t a b l e  t o  
c ladding  type .  This  i s  no t  intended t o  imply t h a t  behavior  of  i od ine  
r e l e a s e d  from i r r a d i a t e d  U02 i s  independent of  c ladding  type .  Ir- 
r a d i a t i o n  h i s t o r y  and metal-water r e a c t i o n s  may be o f  importance i n  
t h i s  ca se .  

The CSE Maypack e f f i c i e n c y  f o r  r e t a i n i n g  I 2  and 31 a t  va r ious  
mass l oad ings  and f l o v  r a t e s  while  sampling a i r  and s t e m - a i r  atmos- 
pheres  was s tud i ed .  Ten ta t i ve  conc lus ions  a r e :  (1) Continued flow 
of  c l ean  a i r  o r  s team-air  through a loaded  Maypack v i l l  e l u t e  sone of  
t h e  i od ine  from t h e  g l a s s f i b e r  f i l t e r  and move it t o  t h e  s i l v e r  s c r eens  
o r  c l ia rcoa l ;  ( 2 )  12 masses over  about 5 ag loaded a t  a flow r a t e  of 
0.5 SCFFl may r e s u l t  i n  some p e n e t r a t i o n  of  t h e  s i l v e r  s c r e e n s ;  and 





( 3 )  I 2  i n  steam-air atmosphere i s  r e t a i n e d  on t h e  g l a s s  f i b e r  f i l t e r  
 elman an Type A )  i n  a  manner s i m i l a r  t o  H I .  The f i l t e r  appears  t o  
have a  l i m i t e d  capac i ty  f o r  adsorp t ion  of  t h e s e  vapors a s  evidenced 
by t h e  decreas ing  percentage r e t a i n e d  with inc reas ing  mass load ings .  

Gamma Energy Ana ly t i ca l  System 

Computer program a l t e r a t i o n s  made t o  reduce t h e  typed input  
d a t a  necessary t o  perform automatic gamma energy ana lyses .  Other small  
program bugs r e l a t e d  t o  t h e  sepa ra t e  l i n e  t iming of background and 
s to red  s p e c t r a  were observed and co r rec t ed .  Barium-lanthanum-140 
s tandards  were f i l e d  f o r  two of  t h e  d e t e c t o r  systems and a  r o u t i n e  
procedure s e t  up t o  check instrument v a r i a b l e s  on a  d a i l y  b a s i s .  

Discussions were he ld  with Applied Mathematics and Radiological  
Sciences personnel  on problems r e l a t i n g  t o  t h e  s t a t i s t i c s  of  computed 
a n a l y t i c a l  r e s u l t s  and channel grouping of multicomponent s p e c t r a .  

Mul t ip lexer  Code 

The mul t ip l exe r  code has been checked out  with pre l iminary  
dynamic vo l t age  t e s t s .  These cons i s t ed  of monitoring t h e  s i n u s o i d a l  
l i n e  vol tage  and a  ramp vo l t age  o r i g i n a t i n g  from an osc i l l o scope  sweep. 
From t h e s e  t e s t s  and o t h e r s ,  it was determined t h a t  t h e  fou r  analog 
a m p l i f i e r s  were badly out  of adjustment ,  and t h i s  was co r r ec t ed .  Be- 
cause of  t h i s ,  some long term r e p r o d u c i b i l i t y  and s t a b i l i t y  checks a r e  
planned f o r  t h e  system us ing  a  p r e c i s i o n  vol tage  source. 

The mul t ip l exe r  code uses  a  s e r i e s  of  t a b l e s  t o  c o n t r o l  t h e  
scanning sequence. These t a b l e s  a r e  packed b inary  t o  conserve s to rage  
and hence Rre q u i t e  inconvenient f o r  a  u s e r  t o  genera te .  Thus, an 
a u x i l i a r y  code has been w r i t t e n  and debugged which types  out  que r i e s  
t o  t h e  u s e r  f o r  typed-in information which t h e  code uses  t o  genera te  
t h e  r equ i r ed  t a b l e s .  The r e s u l t  i s  a  punched t a p e  which can l a t e r  be 
e a s i l y  read  i n t o  t h e  computer wi th  t h e  o y t i c a l  r eade r .  

Autoclave Tes t ing  

Tes t ing  of Phenoline 302 pa in ted  carbon s t e e l  coupons i n  steam 
a t  135 O C  cont inued.  A t  1275 hours exposure, one coupon cracked--the 
o t h e r  remained in t ac t . .  This  i s  considered acceptab le  s e rv i ce  l i f e  f o r  
CSE cond i t i ons .  

A sample of t h e  e l e c t r i c a l  cab le  proposed f o r  use  on t h e  CSE 
Maypack c l u s t e r  so lenoid  va lves  was t e s t e d  i n  steam a t  135 O C  f o r  
1340 hours .  The r a d i a t i o n  c ross- l inked  polyalkene jacke t  darkened 
and became s l i g h t l y  gummy, but  remained f l e x i b l e ,  tough and had good 
e l e c t r i c a l  r e s i s t a n c e .  

Leak Rate test in^ 

Pre l iminary  t e s t s  were concluded and sensors  removed from t h e  
containment v e s s e l  t o  permit access  by cons t ruc t ion  personnel .  The 





high r e s u l t s  by t h e  re ference  volume method repor ted  l a s t  month were 
determined t o  r e s u l t  from a numerical e r r o r .  Data have been reca lcu-  
l a t e d  and reasonable agreement found. 

Decontminat  ion 

A decontamination program t o  a i d  i n  t h e  determinat ion of contain-  
ment system s a f e t y  parameters was begun during t h e  pas t  month. I n i t i a l  
e f f o r t s  have been d i r e c t e d  toward t h e  adapta t ion  of vapor phase 
cleaning techniques t o  t h e  cleanup of containqent  system su r faces .  
Prel iminary s t u d i e s  have been made i n  a  small  p i l o t  p l a n t  f a c i l i t y  with 
steam and NHL+OH, NaOH, and NaBr. Decontamination f a c t o r s  on pa in ted  
su r faces  were two o r  l e s s .  ?luch g r e a t e r  e f f i c i e n c y  was obtained with 
iodine  contamination on s t a i n l e s s  s t e e l ;  D.F.'s ranged up t o  12 .  

Contaminat ion Mechanisms 

A s tudy of contamination mechanisms wi th  autoradiography was 
begun during t h e  pas t  month t o  a i d  i n  t h e  s tudy of containment system 
s a f e t y  parameters.  Autoradiographs of pa in ted  sur faces  contaminated 
wi th  r ad ioac t ive  iodine  a r e  cons i s t en t  with gene ra l  adsorpt ion  o r  mi- 
form depos i t ion  of extremely f i n e  p a r t i c l e s  and/or depos i t ion  with 
subsequent r e a c t i o n  wi th  t h e  pa in ted  su r face  on which i s  superimposed 
t h e  depos i t ion  of r e l a t i v e l y  l a r g e  agglomerates. Addit ional  autoradio-  
graphic  s t u d i e s  a r e  planned t o  f u r t h e r  de f ine  iodine depos i t ion  
mechanisms and t o  determine those  a f f e c t i n g  t h e  depos i t ion  of o the r  
rad ionucl ides .  

PRESSURE VESSEL CRACK MONITORING ( J . C . spanner ) 

Detect ion of Metal Overs t ress  by Acoustic Emission 

Fur ther  work has been conducted on t h e  development of  a  system t o  
monitor f o r  crack growth i n  r e a c t o r  pressure  piping by de tec t ing  t h e  
a t t endan t  acous t i c  emission. 

Data der ived  from type  304L s t a i n l e s s  s t e e l ,  double c a n t i l e v e r  
beam, c rack  propagation specimens show a cons i s t en t  p a t t e r n  of maximum 
acous t i c  emission a c t i v i t y  a s  t h e  formation of a  macrocrack i s  
approached. Once t h e  c rack  i s  formed and caused t o  grow, t h e  abundance 
of acous t i c  emission decreases s i g n i f i c a n t l y .  The high dens i ty  of 
s i g n a l s  preceding formation of a v i s i b l e  crack may de r ive  form forma- 
t i o n  of micro cracks and jo in ing  of t hese  t o  form a macro crack.  Once 
t h e  g ross  crack i s  formed, i f  it propagates pr imar i ly  by t r ansg ranu la r  
f a i l u r e ,  t h e  l e v e l  of  acous t i c  emission may drop appreciably.  Ob- 
v ious ly  t h i s  p a t t e r n  of events  r equ i re s  c a r e f u l  m e t a l l u r g i c a l  ana lys i s  
t o  c o r r e l a t e  t h e  acous t i c  emission with t h e  m e t a l l u r g i c a l  sequence. 
Such examination i s  planned a s  t h e  next i n v e s t i g a t i v e  s t e p .  This p a t t e r n  
of events  i s  q u i t e  s i g n i f i c a n t  t o  t h e  end ob jec t ive  of  t h e  program i f  it 
can be s u b s t a n t i a t e d  a s  being l o g i c a l  m e t a l l u r g i c a l l y .  

The r e l a t i v e  mer i t s  of accelerometers ,  conventional  omnidirec- 
t i o n a l  PZT-5 elements,  epoxy bound PZT-5 powdered elements ,  and t h e  





e l e c t r o s t a t i c  t ransducer a r e  being evaluated a s  acoustic  emission 
sensors. The following performance c h a r a c t e r i s t i c s  have been 
observed t o  date :  

1. The epoxy bound PZT-5 powder appears t o  have t h e  
broadest frequency response, followed by e lec t ro-  
s t a t i c  element, t h e  omnidirectional PZT-5 element, 
and t h e  accelerometer u n i t s .  

2. The accelerometer i s  t h e  most s e n s i t i v e  within i t s  
frequency l i m i t s  (<30 K H Z ) ;  however, f o r  broadband 
response t h e  omnidirectional PZT-5 element was most 
s e n s i t i v e ,  t h e  epoxy bound PZT-5 powder was second 
( i . e.  , about 113 t h e  conventional PZT-5 ) , and t h e  
capac i t e r  t h i r d  ( i . e . ,  about 115 t h e  conventional PZT-5). 

3. Epoxy bound PZT-5 powder s t i l l  appears superior  i n  
amplitude d i r e t t i o n a l i t y  when polar ized i n  both t h e  
longi tudinal  and shear modes. 

4. For ease of bonding and reproduc ib i l i ty ,  t h e  epoxy 
bound PZT-5 powder appears bes t  s ince  t h e  mixture i s  
molded d i r e c t l y  on t h e  specimen surface.  

5. The capac i t e r  t ransducer i s  bes t  ab le  t o  withstand 
high temperature service .  

A f a c t o r  of 10 improvement i n  t h e  e l e c t r o s t a t i c  t ransducer sensi-  
t i v i t y  was accomplished by changing from t h e  accelerometer design t o  a 
ball-bearing e lec t rode which i s  se l f -a l igning with t h e  mica d i e l e c t r i c  
sheet  and t h e  specimen surface.  The s e n s i t i v i t y  of t h i s  t ransducer i s  
now approaching a usable l e v e l .  

Problems were encountered with t h e  back e lec t rode of  t h e  epoxy 
bound PZT-5 powder elements; however, newly designed shapes appear t o  
have solved t h e  major problem of t h e  wire post  loosening up i n  t h e  
cured mate r i a l .  

The f i n a l  s t e p  i n  t h i s  evaiuation w i l l  be simultaneous monitoring 
of a 'doub le  can t i l ever  beam t e s t  with one each of the  candidate t r ans -  
ducers. When t h i s  i s  completed, evaluation r e s u l t s  w i l l  be summarized 
including spec i f i c  recommendations f o r  f u t u r e  development work. 

While conducting t e s t s  t o  detec t  f u e l  spacer v ib ra t ion  i n  a 
mockup of a pressurized reac to r  process tube,  observations were made 
which a r e  s i g n i f i c a n t  t o  t h i s  program. Signals  generated by small 
impacts on t h e  tube wall  were t ransmit ted  q u i t e  r ead i ly  across a r o l l e d  
j o i n t  between t h e  tube and a nozzle f i t t i n g .  It was a l s o  found t h a t  
t h e  hydraulic noise  i n  a pressurized,  high temperature system i s  lower 
than ant ic ipated .  Additional da ta  were obtained t o  permit checking t h e  
accuracy of loca t ing  t h e  s igna l  source i n  a pipe system by comparing 
time of s igna l  a r r i v a l  a t  various sensors. These d a t a  have not ye t  
been analyzed. 





Compilation of t h e  f i r s t  quar te r ly  repor t  on t h e  acoust ic  
emission program i s  i n  progress. 

RADIOACTIVE RESIDUE PROCESS DEVELOPMENTS ( A .  M . P l a t t  ) 

High Level Waste 

Waste S o l i d i f i c a t i o n  Engineering Prototypes (WSEP) 

After  completion of  t h e  phosphate g l a s s  Run A ,  t h e  equipment 
was disassembled remotely and t r a n s f e r r e d  t o  t h e  Engineering Develop- 
ment Laboratory 102 f o r  add i t iona l  design v e r i f i c a t i o n  t e s t s .  Remote 
i n s t a l l a t i o n  and assembly of t h e  pot s o l i d i f i c a t i o n  equipment estab- 
l i s h e d  t h e  f i n a l  prototype equipment arrangement f o r  t h e  f i r s t  radio- , 

a c t i v e  run. Remote disassembly and reassembly of 90% of t h e  o ther  
equipment was performed s a t i s f a c t o r i l y .  Minor t o o l  and procedure 
modificat ions a r e  being completed a s  a r e s u l t  of t h e  t e s t i n g .  I n  
o ther  t e s t s  t h e  cooling capaci ty  of t h e  resistance-heated pot furnace 
was 6 k i lowat ts  with t h e  pot w a l l  temperature a t  260 O C  during a i r  
cooling. The s o l i d s  feeder system f o r  t h e  spray s o l i d i f i e r  melter  has 
been i n s t a l l e d  and i s  ready f o r  f i n a l  t e s t i n g .  The water f l u s h  system 
f o r  t h e  feed l i n e  was fabr ica ted  and i n s t a l l e d .  

A study was continued t o  formulate an optimal s e t  of experi- 
mental designs t o  obta in  s p e c i f i c  information on storage p roper t i e s  
of  radioact ive  wastes. 

Process Chemistry 

Laboratory s tud ies  on t h e  e f f e c t s  of va r ia t ions  from flowsheet 
composition on t h e  processing of PW-2 waste showed t h a t  a 15% increase  
i n  se lec ted  feed components ( inc rease  i n  PO4 and S04, decrease i n  Li ,  
Na, Al and ~ a )  can increase  s u l f a t e  evolution by a f a c t o r  of two. A 
s imi la r  study of t h e  e f f e c t  of non-flowsheet r a t e  of addi t ion  of Nap03 
t o  t h e  melter  showed that an increase of  phosphate concentrat ion by a 
f a c t o r  of four i n  t h e  melter  i s  required t o  double t h e  r a t e  of  s u l f a t e  
evolution.  A survey of PW-2 waste s t a b i l i t y  toward s o l i d s  formation 
was made a s  a function of i n i t i a l  a c i d i t y  and degree of concentrat ion.  

Run B i n  t h e  WSEP w i l l  be an ORNL Rising Level Glass run with 
PW-1,waste a s  t h e  feed. Phosphate, sodium, and l i th ium w i l l  be added 
f o r  f luxing and lowering t h e  melting point .  Corrosion t e s t s  with melts 
having various add i t ive  compositions a r e  being made t o  a i d  i n  se lec t ing  
operat ing condit ions and receiver  pot  mater ia l .  I n  these  t e s t s ,  310 
s t a i n l e s s  s t e e l  appears t o  have b e t t e r  corrosion res i s t ance  than 304L. 

Glass Studies 

Data f o r  t h e  mixed phosphate-borate-silicate matrix system have 
been submitted f o r  s t a t i s t i c a l  co r re la t ion .  Preliminary mathematical 
ana lys i s  has revealed t h e  need f o r  da ta  on severa l  add i t iona l  composi- 
t i o n s ,  and these  a r e  cur ren t ly  being prepared. 





Work continued on measurement (with t h e  high temperature 
d i la tometer)  of t h e  thermal expansion proper t ies  of a l a rge  number 
of samples of g lasses  and microcrys ta l l ine  so l i d s  corresponding t o  
various proposed WSEP compositions. One sample, prepared i n  t h e  
324 Building equipment, showed a very unusual hys te res i s  behavior. 
It expanded on heating but contracted much l e s s  on cooling (ac tua l ly  
expanded over a port ion of t he  descending temperature range).  This 
behavior could obviously have serious consequences f o r  t h e  i n t e g r i t y  
of a r e l a t i v e l y  i n e l a s t i c  container.  

I n  o ther  work, an evaluation i s  being made of t he  French and 
Br i t i sh  type of glasses--from t h e  standpoint of use w i t h  waste of 
Hanford Purex composition. ra an ford waste contains a much higher 
concentration of i n e r t s  than e i t h e r  B r i t i sh  o r  French Purex waste.) 
It appears t h a t  t h e  lower cor ros iv i ty  end l e achab i l i t y  of t h e  Br i t i sh  
and French glasses  w i l l  have t o  be weighed agains t  t he  l a rge r  volume 
of waste they w i l l  produce. 

COLUMBIA RIVER SEDIMENTATION STUDIES (J. M. ~ i e l s e n )  

Calibrat ion of a 9-inch well  c r y s t a l  and sc int i l la t ion-count ing 
system was completed f o r  use on samples from t h e  Columbia River 
estuary.  A revised computer program (GEM) was prepared f o r  use with 
t h i s  detector .  This system measures spec i f i c  a c t i v i t i e s  of 1 dpm per 
gram o r  l e s s  f o r  radionuclides of i n t e r e s t  i n  t h i s  study. Because of  
t h e  l a rge r  volume capab i l i ty  of t h i s  well  c r y s t a l ,  l e s s  sample evapora- 
t i o n  w i l l  be necessary with an accompanying reduction i n  cos t .  

In  an e f f o r t  t o  e s t ab l i sh  t he  chemical forms of radionuclides 
i n  Columbia River sediment, media su i t ab l e  f o r  gradient  density separa- 
t i o n  of t h e  samples i n to  organic and inorganic f rac t ions  a r e  being 
sought. The l i qu id ,  2-bromoethanol ( spec i f i c  gravi ty  1.77) which was 
i n i t i a l l y  recommended f o r  t h i s  purpose was found t o  be unsui table  due 
t o  i t s  solvent ac t ion  on t h e  radionuclide-containing compounds of t h e  
sediment. 

WASTE SOLIDIFICATION CONgENSATE TREATMENT ( G . J . Alkire ) 

Experiments were s t a r t e d  t o  determine t he  most e f f ec t i ve  method 
f o r  dissolving t h e  centrif'uged res idue from t h e  hydrous-oxide f e r r i -  
cyanide scavenging scheme so t h a t  t h e  solut ion containing f i s s i o n  
products can be recycled t o  t h e  headend of t h e  so l i d i f i c a t i on  process. 

Preliminary work showed t h a t  H202, NaHS03, and hydroxylamine 
i n  d i l u t e  H2S04 w i l l  r ead i ly  d issolve  t he  hydrous oxides. The 
hydroxylamine-H2S04 system appears t o  be t h e  most e f f ec t i ve  method. 
Present e f f o r t s  a r e  being di rected toward optimizing reagent concen- 
t r a t i o n s  f o r  most e f f ec t i ve  dissolut ion.  The e f f ec t s  of t h e  dissolut ion 
on t h e  fer r icyanide  p r ec ip i t a t e  a r e  being invest igated using cs137 a s  a 
t r a c e r .  

Further research w i l l  be required t o  determine i f  accumulation 
of fer r icyanides  i n  t h e  system gives r i s e  t o  hazardous condit ions.  





Prel iminary experiments were made on methods f o r  t r e a t i n g  
t h e  high volume condensate generated i n  t h e  WSEP process.  Three 
methods t r i e d  were so rp t ion  on minera ls ,  ozone sparging,  and a i r  
sparging i n  permanganate so lu t ions .  

Py ro lus i t e  ( ~ n 0 ~ )  was used a s  t h e  sorbent  i n  t h e  f i r s t  
mineral  sorp t ion  experiments.  Radioruthenium, t h e  p r i n c i p a l  con- 
taminant ,  was sorbed t o  l e s s  than  5% breakthrough f o r  40 column 
volumes and l e s s  than  30% breakthrough f o r  70 columns at pH 5. 
Other minera ls  such a s  t h o s e  having high Fe203 content  w i l l  be used 
i n  f u t u r e  s t u d i e s .  

Resul t s  o f  ozone sparging showed t h a t  a 2% 03 sparge at 300 m l /  , 

min flow r a t e  w i l l  reduce t h e  ruthenium concent ra t ion  by 99.9% i n  two 
hours.  For t h e  same flow r a t e ,  t h e  t ime requi red  f o r  equiva lent  r e -  
duct ions can be reduced by about 60% i f  0 .1  M &NO3 i s  added t o  solu-  
t i o n .  A i r  sparging i n  a s o l u t i o n  containing-KMn04 was a l s o  shown t o  
be e f f e c t i v e .  About 95% reduct ion  of t h e  ruthenium concent ra t ion  was 
e f f e c t e d  by sparging i n  a 0.001 M KMnO4 so lu t ion  f o r  two hours .  
Greater  reduct ions  w i l l  t a k e  p lace  i n  a s h o r t e r  per iod  o f  t ime i f  t h e  
KMnO4 concent ra t ions  a r e  increased .  For example, a ruthenium reduct ion  
of  97.5% was o b s e ~ e d  i n  50 minutes f o r  0 . 1  M KMn04. For a l l  sparging 
experiments,  temperatures  from 90 t o  95 O C  were employed. 

RADIOACTIVE SHIPMENT HAZARDS ( L . C . Schwendiman ) 

The r e l e a s e  experiments were completed on t h e  samples of  s imulated 
h igh  l e v e l  waste spiked with a c t u a l  waste ma te r i a l .  Diffusion theory  i s  
being used t o  c o r r e l a t e  t h e  observed r e l e a s e  t o  t h e o r e t i c a l  mass t r a n s f e r  
by d i f f u s i o n  theory  i s  being used t o  c o r r e l a t e  t h e  observed r e l e a s e  t o  
t h e o r e t i c a l  mass t r a n s f e r  by d i f f u s i o n  i n  t h e  molten ceramic phase. 
Based on an assumed d i f f u s i v i t y  of 10'7 cm2/sec, d i f f u s i o n  r a t e s  f o r  
cesium were found t o  be i n  f a i r l y  c l o s e  agreement with t h e  measured r e -  
l e a s e  r a t e s ,  1 t o  2% per  hour. This  d i f f u s i v i t y  i s  wi th in  t h e  range 
expected f o r  a l k a l i  meta ls .  

FISSION PRODUCT AEROSOL CONTAINMENT 

Removal of  Organic Iodide  with Hydrazine ( L .  C.  ~chwendiman) 

Hydrazine sprays  were used i n  t h e  1 1 4 - l i t e r  ae roso l  chamber t o  
remove methyl iodide .  For each experiment t h e  chamber was i n i t i a l l y  
brought t o  approximately 75 O C  and contained a CH3I-steam atmosphere. 
Next, approximately fou r  l i t e r s  o f  room temperature so lu t ions  were 
sprayed through t h e  chambers a t  a r ecyc le  r a t e  o f  approximately 300 m l /  
min. Af t e r  t h e  hydrazine had been sprayed i n t o  t h e  chamber, t h e  a i r  
temperature was approximately 45 O C .  So lu t ions  of  both a 37% hydrazine 
and a combination o f  35% hydrazine and 5% ammonium hydroxide removed 
v i r t u a l l y  a l l  t h e  CH31 from t h e  chamber atmosphere. A 5% hydrazine, 
5% emmonium hydroxide s o l u t i o n  removed 75 t o  87% of  t h e  CH3I from t h e  
chamber atmosphere. 





I n s t a l l a t i o n  of t he  piping on t he  l a rge  aerosol  chamber was 
e s sen t i a l l y  completed and e l e c t r i c a l  work was under way. S t i l l  re-  
maining a r e  t h e  construction of t h e  greenhouse, i n s t a l l a t i o n  of t h e  
s t i r r e r  and iodine generator,  and a la rge  trapping system. 

Physical Chemistry of Kydrazine-Methyl Iodide Reaction (L.  L. ~ u r ~ e r )  

The gas chromatograph-electron capture detector  f o r  methyl 
iodide w a s  found t o  respond l i n e a r l y  t o  methyl iodide concentrations 
up t o  3 x 10-lo g of methyl iodide. With t h e  present s e n s i t i v i t y  it 
w a s  possible t o  extend react ion s tud ies  t o  concentrations of about 
1.6 mg per m3. 

The r a t e  s f  react ion of methyl iodide with t he  equilibrium 
vapors over t h e  water and sodium hydroxide solut ions  of hydrazine was 
measured. The time f o r  50% removal was qu i te  rap id  (0.8 min) over 95% 
hydrazine and much slower f o r  36 and 52% hydrazine. The presence of 
NaOH appeared t o  slow t h e . r e a c t i s n  even fur ther .  The e f f ec t  was not 
dependent on concentration of NaOH i n  t h e  range 0.05 t o  0.2 M. - 

I n  several  eases t he  concentration was followed over several  
hal f - l ives  and i n  a l l  but one case t h e  concentration of methyl iodide 
decreased exponentially according t c  

-kt 
C = C o e  

i n  which Co = i n i t i a l  concentration and C = concentration a t  time t. 

The react ion proceeded t,o v i r t u a l l y  complete removal of methyl 
iodide. I n  one case l e s s  than 0.02% of t h e  methyl iodide remained. 

DISPOSAL OF REACTOR OFF-GAS INTO SOIL SYSTEMS (w. A. ~ a n e y )  

A solut ion w a s  obtained f o r  a single-well geometry i n  a uniform 
i n f i n i t e  medium which should allow t h e  ingection-well radius  t o  be 
accurately defined $ a  property which an e a r l i e r  solut ion lacked).  The 
solut ion w i l l  be used t o  ca lcu la te  flow r a t e s  and t r a v e l  times f o r  wide 
ranges of geometric var iables ,  in jec t ion  pressures,  and temperatures. 

The numerical scheme f o r  ca lcula t ing flow r a t e s  from f i n i t e  
d i f ference solut ions  t o  compressible gas flow problems was found t o  be 
correct .  Inconsistencies which a r e  being experienced i n  mass flow 
r a t e  ca lcula t ions  must be i n  e i t h e r  t h e  formulation of t h e  problems o r  
i n  t h e  approximations a r i s i n g  through use of f i n i t e  d i f ference solut ions  
t o  such problems. The cause of t h e  inconsistencies i s  being sought. 

REACTOR SAFETY ANALYSIS AND EVALUATION ( R .  G.  Wheeler) 

Subsize Vessel Fai lure  Analvsis 

Plis port ion of t h e  program is concerned with evaluating t h e  
f a i l u r e  behavior of i r r ad i a t ed  low-alloy s t e e l  reactor  pressure vessels  
from t e s t s  on subsize-vessel specimens. 





During t h i s  period t h e  compliance t e s t i n g  of  t h e  subsize- 
vesse l  specimens was continued, t h e  low cycle f a t igue  growth of 
cracks i n  subsize-vessel specimens was continued, and t h e  f i r s t  
two i r r a d i a t e d  A212B subsize-vessel specimens were burs t  t e s t ed .  
The l a r g e  amount o f  compliance da ta  obtained t o  da te  has not been 
adequately analyzed. The ana lys i s  of t h i s  da ta  w i l l  be near  com- 
p l e t i o n  next month ( ~ u l y )  . Preliminary r e s u l t s  from t h e  crack 
growth s tud ies  a r e  very encouraging. The usefulness of these  crack 
growth t e s t s  f o r  i r r a d i a t e d  specimens w i l l  depend on t h e  nondestruc- 
t i v e  monitoring equipment being ab le  t o  p ick  up a repeatable acoust ic  
emission s igna l .  These prel iminary t e s t s  on un i r rad ia ted  specimens 
have produced a repeatable  acous t i c  s i g n a l  during t h e  f a t igue  t e s t .  

The r e s u l t s  of t h e  burs t  t e s t s  of t h e  i r r a d i a t e d  A212B specimens' 
a r e  most encouraging. The specimens were obtained from a GEH-10 
basket t h a t  had been exposed i n  t h e  M3 positk3n of  t h e  ETR f o r  one 
reac to r  .cycle. Preliminary dosimetry s t u d i e s  ind ica te  these  specimens 
received an exposure of approximately 2.5 x 1018 nvt ( E a 1  ~ e v  ) . The 
temperature of  t h e  specimens during t h e  r eac to r  exposure was between 
400 and 500 OF (204.4 and 260 OC). 

The specimens were 18" long with a 2.0" ins ide  diameter,  and 
both specimens had long i tud ina l  s l o t s  0.06" wide by 1.0" long mi l led  
0.2" through t h e  0.25'' t h i c k  specimen wall.  The specimens were 
i n t e r n a l l y  pressurized t o  f a i l u r e  of t h e  0.05" t h i c k  web under t h e  
s l o t .  The opened webs provided through wall  thickness cracks with 
sharp crack t i p s .  A rubber cyl inder ,  c a l l e d  a mouse patch, was placed 
ins ide  t h e  specimen and provided a water t i g h t  s e a l  of  t h e  cracks 
during t h e  burs t  t e s t s .  The loading of t h e  specimens produced an 
approximate a x i a l  s t r e s s  t o  hoop (c i r cumferen t i a l )  s t r e s s  r a t i o  of 112. 

One specimen was burs t  t e s t e d  a t  86 OF (30 OC) and t h e  o the r  
specimen was burs t  t e s t e d  a t  66 OF ( 1 9 ' ~ ) .  The specimen t e s t e d  a t  
86 OF f a i l e d  i n  a d u c t i l e  manner with t h e  crack propagating only a 
shor t  d is tance .  The specimen t e s t e d  a t  66 OF f a i l e d  i n  a b r i t t l e  
manner with t h e  crack propagating t h e  f u l l  length  of t h e  specimen. 
The 86 OF f a i l u r e  occurred a t  a hoop s t r e s s  of 55,400 p s i .  The f a i l u r e  
of t h e  i r r a d i a t e d  specimen a t  86 O F  i s  very s imi la r  t o  t h e  80 OF 
f a i l u r e  of  an un i r rad ia ted  specimen. The un i r rad ia ted  specimen f a i l e d  
a t  a hoop s t r e s s  of 42,400 ps i .  Modified drop-weight t e a r  t e s t s  of 
t h i s  ma te r i a l  indica ted  the '  NDT temperature of t h e  un i r rad ia ted  A212B 
t o  be -40 OF. These two burs t  t e s t s  i n d i c a t e  t h e  NDT temperature of  
t h e  i r r a d i a t e d  specimens i s  76 OF (24.4 OC). 

Ultrasonic monitoring techniques were applied t o  these  burs t  
t e s t s  t o  study t h e  acoust ic  emission generated during f a i l u r e  over a 
band width of  50 kc t o  1 mc. Signals  generated within t h e  specimens 
a r e  picked up mechanically by a p iezoe lec t r i c  source and converted t o  
e l ec t ron ic  pulses.  The pulse information i s  amplif ied a t  t h e  t r ans -  
ducer impedance t o  t h a t  of a cable leading t o  a u n i t  with f i l t e r i n g ,  
in teg ra t ing ,  and amplifying c a p a b i l i t i e s .  A t  t h e  time of  t h e  t e s t  t h e  
pulse information i s  monitored using a memory type osc i l loscope and 
s to red  on magnetic tape .  The two burs t  t e s t s  of i r r a d i a t e d  specimens 





produced a s i g n i f i c a n t  amount of acoust ic  s igna l s .  Similar  burs t  
t e s t s  of uni r radia ted  A212B specimens a t  t h e  same temperatures pro- 
duced a neg l ig ib le  amount of s ignal .  It was previously found t h a t  
s a t i s f a c t o r y  acoust ic  s igna l s  from burs t  t e s t s  of  u i r r a d i a t e d  A212B 
specimens were received only a t  temperatures below -20 OF. It has 
been demonstrated t h a t  u l t r a son ic  monitoring techniques t o  study 
acoustic  emission can be applied successful ly  t o  i r r a d i a t e d  specimens 
during f a i l u r e .  The s h i f t  i n  NDT due t o  t h e  i r r a d i a t i o n  exposure i s  
seen t o  correspond t o  t h e  s h i f t  i n  temperature below which u l t r ason ic  
s igna l s  a r e  received over a bandwidth of 50 kc t o  1 mc. 

CUSTOMER 

ASSISTANCE TO PHILLIPS PETROLEUM COMPANY (w.  L. Hampson, Jr . ) 
Np-Al Capsules 

Four capsules,  each having a d i f f e r e n t  neptunium concentrat ion,  
a r e  being fabr ica ted  f o r  resonance i n t e g r a l  measurements. The nep- 
tunium i s  i n  t h e  form of Al-Np a l loys ,  0.5 t o  5 w t %  Np. The a l loys  
a r e  cas t  and r o l l e d  i n t o  sheets  0.030" th ick .  Coupons, 4-112'' long, 
a r e  cut  from t h e  sheet  and formed i n t o  0.86" diameter tubes. Each 
tube i s  inse r t ed  i n t o  an aluminum can. 

ASSISTANCE TO GENERAL ATOMIC (w. L. Hampson, Jr.) 

PuO? - Graphite Compacts 

Process development and too l ing  were near ly  completed f o r  t h e  
fabr ica t ion  of 12  rods containing PuO2 - graphi te  compacts. The rods 
w i l l  be used f o r  c r i t i c a l  t e s t s .  The 12 rode w i l l  cons is t  of s i x  p a i r s  
with t h r e e  d i f f e r e n t  Pu02 concentrations and two separate i so top ic  
(Pu240) compositions. Two rods containing pure graphi te  compacts were 
fabr ica ted  f o r  s tandards and t o  t e s t  f ab r ica t ion  procedures. The re-  
maining development problem concerns obtaining and insuring uniform 
plutonium d i s t r i b u t i o n  within and among compacts. 

U. S. NAVAL RESEARCH LABORATORY 

Effects  pf Uncertaint ies i n  t h e  D i f f e r e n t i a l  Cross Section of  t h e  ~ e 5 ~  
( n , ~ ) M n ' ~  Reactions 

There i s  a subs tan t i  uncer ta in ty  i n  t h e  d i f f e r e n t i a l  c ross  "t sec t ion  f o r  t h e  ~ e 5 4 ( n , ~ ) M n 5  reac t ion  which unfortunately has a con- 
s ide rab le  e f f e c t  i n  exposure r a t e s  f o r  damage s tud ies  of r eac to r  pressure 
vesse ls .  Three inves t iga to r s  have used e s s e n t i a l l y  t h e  same cross  
sec t ion measurements of t h e  ~ e 5 ~ ( n , ~ ) M n 5 ~  reac t ion  but have fared  dis-  
similar l i n e s  through t h e  measured points .  The r e s u l t i n g  fission-average 
cross  sec t ions  a r e  68 mb, 82 mb, and 97 mb. The p r inc ipa l  d i f ferences  
a r e  caused at t h e  low energy end of t h e  iron-activat ion curve s ince  t h e  
f a s t  neutron f l u x  i s  high i n  t h i s  region. 





Determination of neutron exposure fo r  several  reactor  pressure 
vessels has been based on fluxes calculated from act ivat ion of iron 
monitors placed a t  o r  near the  reactor pressure vessel  walls. Iron 
monitor[ have been widely u t i l i z e d  fo r  exposure determinations because 
the  ~ e 5  (n ,p)  reaction i s  the  most r e l i ab l e  monitor which can be used 
t o  accurately detect f a s t  neutrons over extended times. 

Estimates of the  pressure vessel  f lux of the  SK-IA reac tor ,  
which i s  currently undergoing safety  review, a re  based on data from 
act ivat ion of iron monitors. Spectral-averaged cross sections have 
been calculated with the  th ree  c t i f ferent ia l  cross-section curves dis-  
cussed above and a spectrum which was determined with a transport-  
theory analysis.  Values for  these spectral-average cross sections 
dif fered by about 35%. Since the  estimated safe  l i f e  of the  reactor 
pressure vessel  i s  d i r ec t l y  pro or t iona l  t o  the  f lux  a t  the  pressure 
vessel ,  uncer ta int ies  i n  t he  Fey4(n,p) cross section a r e  very important 
i n  the  safety  analysis of t h i s  reactor  and could be s imilar ly  important 
i n  safety  analysis of other reactor systems. 
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